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EDITORIAL

“ This edition o f the South <\lrican Journal o f Sports Medicine, the first o f 1998, has a number o f ehangcs. First and 
foremost, there has been a complete restructuring o f the management o f the Journal which now includes two Senior 
Associate Editors, who are Prof Maurice Mars and Dr Mike Lambert. I would like to take this opportunity o f con
gratulating Prof Mars and Dr Lambert on their appointment and I look forward to working with them to improve all 
aspects o f the Journal tuicl make it a Journal that the South African Sports Mcdieinc Association can be really proud 
of. Furthermore, Dr Peter Maefarlanc from Cape Town has agreed to serve as a News Editor, a very much needed sec
tion within the Journal. I would like to encourage individual members o f SASMA to be in contact with Dr Macfarlane 
to keep him up to date on events that are worthy o f publication in this news section.

Finally, I would like to congratulate the new members o f the Editorial Board o f the South African Journal o f Sports 
Medicine. These members represent Academic Institutions across the country and I look forward to serving the 
Journal and the Association with their input and expertise.

The contents o f this Journal consists o f a review article mid three original research articles. This ratio o f review to 
original research is what the Journal woidd strive for over the next 2 years. We recognise that review material is 
important, but we woidd First and foremost like to encourage a research culture in the South African Sports Medicine 
Association. I woidd therefore encourage researchers in all fields to consider submitting their material to the South 
African Journal o f Sports Mcdienie, therebv supporting your local Journal, hi addition, the Journal would also have 
ample opportunity for publishing Brief Reports, and Case Reports. Hopefully this will facilitate the busy practition
er who has little lime for in-depth clinical research to still submit interesting work hi the form o f ease reports or a 
brief report. I woidd like to enconmgc each o f vou to consider submitting material hi this format for publication. The 
guidelines for authors wanting to submit either brief reports or case reports has recently been circulated tlirough the 
SASMA Newsletter. These are also obtainable from the office in Cape Town.

I am indeed excited about the new format o f the South African Journal o f Sports Medicinc, and would encourage you 
all to support it and our Association.

Prof MP Schwellnus, MBBCh, MSc (Med), MD, FACSM 
EDITOR
South African Journal of Sports Medicine
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REVIEW ARTICLE

Exercise intolerance in patients with 
chronic heart failure : A Review

KL Derman MSc (Med) 
W Derman MBChB PhD FACSM 
TD Noakes MBBCh MD FACSM
MRC/UCT Bioenergetics of Exercise Research Unit, Sport Science Instistute of South Africa, University of Cape Town Medical School

ABSTRACT

Exercise intolerance in patients with heart failure is 
a common but complex phenomenon. Traditionally it 
has been thought that central cardiorespiratory fac
tors were the important limiting factors of exercise 
performance in patients with heart failure. However, 
more recent research suggests that peripheral abnor
malities within the skeletal muscle might play a role 
in the exercise intolerance experienced by these 
patients. This review encompasses research examin
ing the effects of heart failure on some of the organ 
systems and physiological response to exercise. 
Studies of both central (cardiorespiratory) and 
peripheral (skeletal muscle) factors limiting exercise 
performance have been reviewed. It is probable that 
whilst both central and peripheral factors contribute 
to the exercise intolerance in these patients, patients 
may be limited more by disease of skeletal muscle 
than by dyspnoea or central fatigue.

HISTORICAL PERSPECTIVE OF EXERCISE 
INTOLERANCE IN HEART FAILURE

Braunwald and Grossman9 defined heart failure as 
“the condition in which abnormality of myocardial 
function is responsible for the ventricles’ inability to 
deliver adequate quantities of blood to the metabo
lizing tissues at rest or during normal activity” . The 
most common cause of heart failure is loss of cardiac 
muscle secondary to ischaemia on the basis of coro
nary artery disease. Viral and other cardiomyopathies 
are more common in younger patients. Heart failure 
can also occur in persons with poorly controlled blood 
pressure or with valvular heart disease.

O f the many symptoms experienced by patients 
with heart failure, dyspnoea, fatigue and exercise 
intolerance are amongst the most common. Indeed, 
the first indication of heart failure is a diminished 
tolerance to physical exercise.70 O f such importance 
are symptoms of dyspnoea that functional capacity in

CORRESPONDENCE:
Professor Wayne Derman
MRCAJCT Bioenersetics of Exercise Research 
Unit,
Sport Science Institute of South Africa,
PO. Box 115
Newlands, 7725
SOUTH AFRICA
Tel - 27 - 21 - 6867330
Fax - 27 - 21 - 6867530
email - wderman@sports.uct.ac.za

patients with chronic heart failure was, and still is, 
measured in terms of the four-tiered classification of 
breathlessness,27 which is subjective and only semi- 
quantitative. Only recently has exercise testing 
become more popular for the determination of func
tional capacity in patients with heart failure.78,140

Historically it was believed that central cardiores
piratory factors determined submaximal and maxi
mal exercise capacity in patients with chronic heart 
failtrre.10193211111BU0 As these patients had reduced 
cardiac output at rest and during exercise, it was 
thought that the heart was unable to deliver suffi
cient oxygen to the active skeletal muscles so that an 
oxygen deficiency in the active muscles caused 
fatigue. The focus of studies to determine mecha
nisms of fatigue at rest and (luring exercise in 
patients with heart failure was on pulmonary conges
tion, reduced lung compliance and dyspnoea. Even 
more recently, the majority of studies have continued 
to focus on the role of the heart and lungs in the lim
itation of exercise performance in patients with heart 
failure. ****».<»«.•<»

However, since 1960 there has been evidence that 
signs and symptoms of heart failure could be absent 
even in the presence of severe heart disease.41 This 
led researchers to believe that central cardiovascular 
function may not necessarily be related to exercise 
capacity2144103 and that chronic heart failure encom
passes impairment of multiple organ system s123 
including skeletal muscle.12 71 709697

PHYSIOLOGICAL FACTORS CONTRIBUTING TO 
EXERCISE INTOLERANCE IN PATIENTS WITH  
CHRONIC HEART FAILURE

Although exercise intolerance is the most frequent 
symptom in patients with heart failure, the exact 
cause of exercise intolerance has yet to be identi
fied.21 Whilst heart failure is a complex and multi- 
systemic disorder, and whilst the authors appreciate 
that central and peripheral physiological systems 
cannot be entirely separated, the limitation of exer
cise performance in heart failure will be discussed 
under central (cardiorespiratory) factors and periph
eral (blood flow and skeletal muscular) abnormalities 
which could possibly alter exercise tolerance in 
patients with chronic heart failure.

1. Contribution o f central cardiorespiratory abnor
malities to exercise intolerance in patients with heart 
failure

(i) Left Ventricular Systolic Function

Left ventricular systolic function is compromised in 
chronic heart failure. It was thought that this would 
alter exercise tolerance in patients with heart failure.
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However, the poor relationship between maximal 
exercise capacity and indices of left ventricular (LV) 
function in patients with heart failure is now an 
established flnding.6-8̂ -44-"®-95-105-11*-117 There is clearly 
no correlation between exercise capacity measured on 
a cycle ergometer or treadmill, and LV ejection frac
tion, nor any correlation between the degree of ven
tricular dysfunction and the clinical severity of chron
ic heart failure.44 45 A  study by Benje et al8 showed that 
50% of patients with an ejection fraction of less than 
30% had normal exercise capacity. Reading et al117 
also reported that there was no relationship between 
resting ejection fraction and peak aerobic power or 
resistance in the calf vasculature.

Furthermore, it was reported that patients with 
severe LV dysfunction increased their peak exercise 
performance after exercise training, whilst they did 
not show any change in LV ejection fraction or any 
reduction in wall motion abnormalities.245500 These 
findings suggest that factors other than those relat
ing to central cardiovascular function may have deter
mined the beneficial adaptations to training. 
Regardless of these findings, the ejection fraction 
continues to be the most common measure of central 
cardiac performance and predictor of future survival 
in these patients.22""3137-138

(ii) Cardiac Output

Cardiac output is reduced at rest and during exercise 
in patients with chronic heart failure. Furthermore, a 
lower proportion of total cardiac output is delivered 
to skeletal muscle during exercise in patients with 
heart failure.100 Bain et al" demonstrated that exercise 
time to exhaustion measured during incremental 
exercise in patients with heart failure, cannot be pre
dicted from resting cardiac output. However, maxi
mal cardiac output and the ability to increase cardiac 
output during exercise, do correlate with exercise 
capacity. Midler et al103 showed that blood flow to the 
gut, kidneys, and limbs was reduced in patients with 
chronic heart failure. The lack of any correlation 
between limb blood flow and cardiac output helps to 
explain the lack of correlation between cardiac output 
and symptoms during exercise.

Further evidence that cardiovascular function 
does not determine exercise capacity in patients with 
heart failure is the observation that improvement of 
left veil trie alar function by acute ingestion of inotrop
ic drugs,*5 vasodilators,1”'’ or repair of valvular steno
sis84 does not result in an immediate normalization of 
exercise capacity or of their ventilatory response dur
ing exercise, despite marked improvements in car
diac output.3885

(ill) Blood Pressure

Regulation of blood pressure and temperature are 
major cardiovascular challenges which arise (luring 
muscular work and which may conflict with the need 
to perfuse the active muscles. Normal persons active
ly regulate mean arterial blood pressure during exer
cise by increasing skeletal muscle vascular tone when 
cardiac output decreases.75 130 In patients with heart 
failure, this reflex-mediated peripheral vasoconstric
tion is thought to maintain blood pressure during 
dynamic exercise when cardiac output has reached 
its maximum value.135 As a result, blood flow to the 
active muscles is restricted in order to maintain

blood pressure when cardiac output is limited.
Heart rate and mean systemic arterial blood nr 

sure increase less during dynamic exercise ^  
patients with heart failure compared to control sulj1 
jects and the increase in stroke volume in t|1 ' 
patients is also minimal.'"5 Despite this abnormal 
response, mean systemic blood pressure does noL 
relate directly to exercise capacity,553 suggesting that 
exercise intolerance in these patients is influenced b • 
factors other than peak systolic blood pressure.43-1*4

(iv) Pulmonary Haemodynamics

It was originally thought that increased pulmonary 
capillary wedge pressure during exercise caused bv 
left ventricular failure caused dyspnoea, which in 
turn limited exercise performance.146 However, the 
elevated pulmonary capillary wedge pressures at rest 
in patients with heart failure increase to the same 
levels during submaximal and maximal exercise 138 
and these elevated levels appear to be well-tolerat- 
ed.122 Massie00 found pulmonary capillary pressures 
to be no higher in patients with heart failure whose 
exercise tolerance was limited by dyspnoea compared 
to patients limited by leg fatigue. These findings indi
cate that mechanisms other than pulmonary capil
lary wedge pressure appear to be important in limit
ing exercise performance in patients with chronic 
heart failure.43134

(v) Pulmonary' Ventilation

Patients with chronic heart failure have altered ven
tilatory responses to graded exercise. 
Hyperventilation is commonly observed during exer
cise in patients with heart failure and has been 
attributed to decreased lung compliance, regional 
ventilation-perfusion mismatch in the lungs as a 
result of the reduced cardiac output104 144 and 
increased dead space volume.134 148 Despite this abnor
mal ventilatory response to exercise and decreased 
maximal ventilation,123 the normal control of ventila
tion by VCOo is present in patients with chronic heart 
failure.42 105134

Although it is unclear to what extent these venti
latory' abnormalities influence exercise performance 
in patients with chronic heart failure,105 it has been 
suggested that leg fatigue causes termination of exer
cise before there is a substantial encroachment on 
ventilatory reserve in patients with severe heart fail
ure.105123

It is possible that abnormal respiratory muscle 
function"’4 or skeletal muscle abnormalities"2 may 
contribute to dyspnoea and ventilatory abnormali
ties in these patients. Nishimura et a l100 reported 
that inspiratory muscle strength was impaired in 
patients with severe congestive heart failure and 
may limit exercise in these patients. Furthermore, 
‘periodic breathing’ has been described in patients 
with congestive heart failure at rest and during 
exercise.04110 This has been attributed to unstable 
ventilatory control caused by poor circulation and to 
delayed transmission of humoral ventilatory stimuli 
to the chemoreceptors.17"'1 However, the exact mech
anism for the periodic breathing in patients with 
heart failure is still unknown, although a central 
(cardiovascular) mechanism is still favoured.7 Little 
is known about the time course, exact changes, 
causative factors, or the mechanisms of these venti-
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1 orations. It is not know'll whether these 
laLoO' ait ulmonary ventilation are the cause or
- g f f t h e  exercise intolerance.

(vJ) Peak Oxygen Consumption (V 08 peak)

. a vOo peak in patients with heart failure has 
Reduced „ P confirmed.455310010’ 148 However, the 
UcC'\ ’ 0f  this finding has not been identified.

oKvtfen consumption in patients with chron- 
I)C,C1L'‘ / failure implies that either 0 3 supply or Oa uti- 
! Hon by the active skeletal muscle is altered. 
X n ritiv e ly  the muscle’s capacity to perform exercise 
could be impaired even in the face of an adequate oxy-

ACVWadeand Bishop115 suggested that the primary lim- 
Lion of V 0 2 peak in patients with heart failure is a 

relatively reduced pulmonary blood flow'. However, 
many investigators have since shown that arterial oxy- 

‘ tension and systemic arterial 0 2 saturation 
remains normal even at peak exercise in patients with 
chronic heart failure.43 134 This suggests that pul
monary function does not limit V 02 peak in these 
patients, and that peripheral alterations may indeed 
influence peak oxygen consumption in these patients. 
These theories are supported by the following impor
tant findings:

(a) Weber et al148 demonstrated that although peak car
diac output and peak V 02 are linked, as the severity of 
heart failure worsens, the slope of the cardiac output 
response with increasing V 0 2 decreases. This indicates 
that the normal relationship between cardiac output 
and oxygen consumption is altered in these patients, 
possibly due to increased oxygen extraction at the 
periphery from a reduced (muscle) blood flow'.

(b) Thompson et al1*' and Sullivan et al132-133 reported 
that femoral venous POg does not decrease below the 
critical level of lOmmHg (luring exercise in both nor
mal subjects and in patients with chronic heart failure. 
These findings suggest that muscle fatigue may not be 
caused by an inadequate oxygen supply to the active 
musele.

(c) Failure to observe an improvement in oxygen 
uptake by skeletal muscle during exercise even when 
oxygen availability is enhanced by pharmacological 
intervention in patients with chronic heart failure3'*37 
indicates a change in the properties of skeletal muscle 
itself in these patients.

(d) Moore et al101 reported that maximal exercise per
formance on a cycle ergometer w'as acutely enhanced 
compared to exercise with room air, w'hen patients 
with heart failure inspired oxygen at a concentration of 
50% 0 2. This w'as explained by an increased efficiency 
during exercise, so that there w'as a decreased ventila
tory and circulatory demand at a given w'orldoad, w'hile
0 2 delivery to muscle w'as maintained (Moore et al. 
1992). However, this does not prove that oxygen supply 
to the active muscle wras limiting during exercise.

(e) Jondeau et al5" measured V 0 2 peak during maximal 
exercise with low'er limbs and with lower limbs plus 
upper limbs in patients with heart failure. Patients 
w'ere able to increase V 0 2 peak w'hen exercising with 
both lower and upper limbs. This finding was not 
observed in the control group of healthy subjects. This

mdicates that the exercise intolerance in cardiac 
patients during low'er limb exercise w'as not due to a 
central limitation, as V 0 2 peak increased when addi
tional skeletal muscle w'as recruited in these patients.

(f) Recent reports indicate that V 0 2 peak is predicted 
by muscle strength in patients with chronic disease. 
Isometric maximal voluntary contraction (MVC) of the 
quadriceps muscle correlates to peak V 0 2 (luring exer
cise in patients with chronic heart failure.71 This find
ing indicates that skeletal muscle function can predict 
maximal exercise performance. Similarly, isokinetic 
quadriceps muscle strength correlates to peak VOo in 
patients with renal failure.31 Therefore peak V 0 2 is 
probably indicative of peripheral, skeletal muscular 
rather than central cardiovascular function in this 
group of patients.31611(17

In light of the above-mentioned findings, the search 
for mechanisms of exercise intolerance in patients 
with heart failure has shifted from the central cardio
vascular system to the peripheral musculoskeletal sys
tem.

2. Contribution of peripheral abnormalities to exercise 
intolerance in patients with heart failure

(i) Physiological alterations in the periphery during 
exercise in patients with chronic heart failure are:

(a) Alteration o f blood flow to skeletal muscle

Results of studies investigating blood flow' to the skele
tal muscle during exercise in patients with heart fail
ure have produced conflicting results. It appears that 
many factors including the mass of skeletal muscle 
recruited, severity of cardiac failure, exercise protocol 
used, and the patients’ medication contribute to alter
ations in blood flow' (luring exercise in these patients.

Peripheral blood flow' is lower (luring progressive 
dynamic and during sustained isometric exercise in 
patients with chronic heart failure compared to normal 
controls.74 154 155 150161 A  low'er proportion of total cardiac 
output is delivered to exercising skeletal muscle in 
patients with heart failure. This occurs as a compen
satory mechanism to prevent hypoperfusion of impor
tant non-exercising areas (brain, kidney) or to preserve 
arterial blood pressure135 160 or as a result of increased 
skeletal muscle vascular resistance.160

It appears that blood flow' to the w'orking skeletal 
muscle is dependent on the volume of active skeletal 
muscle mass recruited during exercise.77 These 
researchers reported that patients with moderate 
heart failure can attain a peak skeletal muscle perfu
sion and leg oxygen consumption comparable to that ol 
healthy control subjects w'hen small amounts of skele
tal muscle mass is recruited. However during recruit
ment of larger volumes of skeletal musele mass 
(>4kg), peak blood flow', muscle perfusion and oxygen 
uptake as w'ell as blood flow' to the non-working skele
tal muscle is reduced compared to controls.77

Recently Yamabe et al158 reported that blood flow' to 
skeletal muscle (luring submaximal cycle exercise is 
higher in NYHA class III patients than to skeletal 
muscle of patients with less severe heart failure. These 
investigators suggest that the relatively increased 
skeletal muscle blood flow' in patients with severe 
heart failure plays a role to compensate for the msuffi- 
cient cardiac output response in these patients.
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Impaired vasodilation during exercise is an impor
tant factor responsible for the reduced maximal limb 
blood flow in patients with heart failure™134152 
However, the pathophysiological cause of decreased 
muscle blood flow during exercise has not been clearly 
defined. Possible factors limiting blood flow to the 
skeletal muscle during exercise in patients with heart 
failure include increased vascular stiffness,1" 102 alter
ations in neurohumoral activation,4®'77120 alteration in 
blood vessel vasodilator capacity1511’6 and alteration in 
flow-dependent dilation.08121128 These factors may play 
an important role in the natural history of the disease, 
but may not be critical to the impaired exercise capac
ity of these patients.23

It is important to note that Wilson et al151 exam
ined the acute effects of the vasodilators dobuta- 
mine, dopamine, and phosphodiesterase on maximal 
exercise performance in patients with chronic heart 
failure and found no improvement in exercise perfor
mance even when blood flow to the legs was acutely 
increased by these agents. Nor did increased blood 
flow to exercising muscle induced by hydralazine 
appear to reduce femoral venous lactate concentra
tions or the degree of acidosis or fatigue in patients 
with heart failure.154 These results indicate that 
exercise performance was not dependent on muscle 
blood flow, as it failed to increase with an acute 
increase in muscle blood flow.1""

Drexler et al34,36 report that chronic administration 
of angiotensin converting enzyme (ACE) inhibitors 
can partially reverse mitochondrial abnormalities in 
patients who have depressed oxidative capacity of 
skeletal muscle during exercise. Chronic ACE inhibi
tion not only increases skeletal muscle blood flow at 
maximal exercise,7” but also improves functional 
capacity in these patients by acting primarily on the 
peripheral vasculature without changing intrinsic 
myocardial function.82 These results suggest that 
there is a gradual reduction in structural vascular 
abnormalities by the chronic effect of ACE inhibition, 
and that this improves exercise performance.

(b) Reduced blood flow causing altered skeletal
muscle metabolism

It has been suggested that reduced muscle blood 
flow at rest and during exercise in patients with 
heart failure"7**®1̂ 150156163 might be important in 
determining the metabolic response to exercise. 
Reduced muscle blood flow is characterized by 
increased glycolytic metabolism and decreased 
oxidative phosphorylation in the skeletal muscles of 
these patients. However, Weiner et al150 reported that 
the reduced blood flow to exercising skeletal muscle 
was not a consistent finding in forearm muscles 
where metabolism was altered. Massie et al90 estab
lished that metabolic abnormalities are unrelated to 
blood flow by comparing the effects ischaemic fore
arm exercise in patients with heart failure and in 
normal control subjects. While the brachial artery 
was temporarily occluded during submaximal finger 
flexion, patients utilized phosphocreatine (PCr) at a 
faster rate compared to controls despite performing 
much less work, and pH levels fell substantially. As 
blood flow was not different, results suggest that a 
functional abnormality of the skeletal muscle exists 
in patients with congestive heart failure,. Buller et 
al12 measured fatiguability of adductor pollicis mus
cle during supramaximal repetitive stimulation of

the ulnar nerve during circulatory occlusion in 
patients with severe heart failure and in normal con
trols. The effect of ischaemia was greater in patients 
with severe (Class IV) heart failure than in patients 
with mild to moderate heart failure or in normals 
and the investigators attributed this to impaired 
skeletal muscle metabolism. Marie et al83 confirmed 
this when they reported that the rate of PCr resyn
thesis in calf muscle of patients with congestive 
heart failure was similar following either aerobic or 
ischaemic exercise.

(c) Oxygen extraction and utilization

Despite decreased blood flow dining submaximal 
exercise, it has been demonstrated that the skeletal 
muscles of patients with chronic heart failure can 
compensate by increasing oxygen extraction, hence 
increasing the arterio-venous oxygen (A -V 02) differ
ence.155 However, Roubin et al122 observed that 
although the A -V 02 difference across the leg during 
exercise was greater in patients with heart failure 
than in normal persons, VOs peak was 40% lower, 
suggesting that the greater A -V 02 difference does 
not compensate completely for the reduction in 
skeletal muscle blood flow Alternatively, skeletal 
muscle weakness may prevent patients with heart 
failure from reaching high levels of exercise at which 
higher VOa values would be measured. Wilson et al156 
showed that maximal leg blood flow and maximal leg 
oxygen uptake in patients with chronic heart failure 
were markedly reduced in patients with the poorest 
exercise tolerance. These findings suggest that 
either the skeletal muscle cannot fully utilize the 
delivered oxygen or that oxygen availability or diffu
sion to the skeletal muscles is impaired in these 
patients. However, these studies do not exclude the 
possibility that muscle weakness limits exercise tol
erance before an oxygen limitation develops.

(d) Blood lactate concentrations

It is usually argued that skeletal muscle hypoperfusion 
during exercise contributes to the early onset of skele
tal muscle lactate production1146 147 150156 and that 
increasing exercise intolerance is associated with pro
gressively earlier increases in mixed venous blood lac
tate concentrations in patients with chronic heart fail
ure.14®14a 156 Furthermore, it has been demonstrated that 
venous blood lactate accumulation patterns correlate 
with severity of circulatory failure at rest”4 and with 
severity of heart failure during exercise.146 Increased 
lactate concentration is thought to be a contributing 
factor to fatigue and dyspnoea experienced during 
exercise in patients with chronic heart failure.50

However, more recent studies suggest that blood 
lactate concentrations are indeed much lower at peak 
and submaximal exercise in patients with heart failure 
compared with controls and therefore increased blood 
lactate production does not contribute to the exercise 
intolerance experience by the patients with heart fail- 
t t re  29-1()H-12(i

(ii) Skeletal muscle abnormalities

(a) Histological and biochemical abnormalities in 
skeletal muscle biopsies o f patients with chronic 
heart failure

Recent studies report that patients with heart failure 
identify leg fatigue as the limiting factor during exer
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cise720<ia 10° 122 and that the stride length of walking is 
reduced in patients with chronic heart failure.28 The 
study of skeletal muscle as the possible cause of exer
cise intolerance in these patients has gained popular 
interest.

A  review of histological and biochemical findings of 
previous studies of skeletal muscle samples from 
patients with chronic heart failure is presented in 
Table 1. Abnormalities of skeletal muscle fibre mor
phometry, cellular organelles, capillary structure and 
biochemical alterations have been described in these 
patients (Figure a + b).

Fig la . A light photomicrograph showing normal skele
tal muscle from a control subject ( II&JC x 200).

Recent work by Lipkin et al,71 Mancini et al"0 and 
Minotti et a !’8 suggests that skeletal muscle atrophy 
occurs early in the course of congestive heart failure 
and might play a role in the reduction of functional 
capacity hi patients with chronic heart failure. 
Compared to normal muscle, atrophied muscle is sub
jected to a greater workload per remaining fiber when 
faced with a given external load and therefore develops 
greater reductions in PCr and intracellular pH."2 
Mancini et al82 recently tested this hypothesis by cor
relating calf muscle volume with the metabolic 
response of the calf muscle to exercise during supine 
plantar flexion against increasing force. They discov
ered that skeletal muscle atrophy contributed signifi
cantly to the abnormal metabolic response to exercise, 
but that the correlation was relatively weak, suggest ing 
that increases in muscle mass would produce only 
modest improvements in exercise capacity, and that 
the primary factor causing reduced pFI and PCr during 
exercise is not skeletal muscle atrophy.

Fig lb . A light photomicrograph showing prominent 
atrophy, hypertrophy and split fibres. There are occa
sional central nuclei and capillaries with very thick 
walls can be seen. (H&JS x 200)

A possible cause of skeletal muscle atrophy in 
patients with chronic heart failure is chronic malnutri
tion and deconditioning due to reduced levels of habit
ual activity7. Carr et al15 reported that 50% of 48 patients 
in severe heart failure were malnourished, defined by 
a decrease in percent bod}7 fat. a decreased weight to 
height index, or reduced serum albumin concentra
tions. However, they did not measure skeletal muscle 
volume. Mancini et al82 showed that muscle atrophy 
was not usually associated with signs of severe malnu
trition and that protein synthetic function was main
tained in heart failure. They also reported that anorex
ia was not the sole aetiological factor for the muscle 
atrophy; other factors include inactivity, an increased 
catabolic state due to heightened sympathetic stimu
lation and increased serum concentrations of cortisol, 
ACTH, and tumor necrosis factor.4001’ 112

Diaphragmatic muscle atrophy has been described 
in patients who are chronically ill and in patients with 
chronic obstructive lung disease who have lost 
weight.4133 Indeed, diaphragmatic muscle changes 
occur in patients with heart failure and could con
tribute to the generation of dyspneoa during exercise,"2 
and indeed to Cheyne-Stokes breathing. Other 
researchers have recently reported a shift of fast to 
slow myosin heavy chain isoforms with an increase in 
oxidative capacity and a decrease in glycolytic capacity 
in biopsies of the diaphragm muscle of patients with 
cardiac failure.141 These changes mirror those noted 
following endurance training in limb musculature of 
normal individuals and might be due to increased limb
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muscle ergoreflex activity from damaged peripheral 
skeletal muscle in patients with heart failure, which in 
turn leads to increased ventilation.ls

Gibson et al48 reported that immobility in patients 
with heart failure is associated with a 25% fall in pro
tein synthesis in quadriceps muscle. However, as 
skeletal muscle regains normal protein synthesis 
after heart transplantation,102 even though patients 
remain relatively immobile after heart transplanta
tion, immobility cannot be the sole cause of this 
skeletal muscle abnormality.

Although skeletal muscle atrophy may be caused 
by inactivity and bedrest, Poole-Wilson et al114 report
ed that histological abnormalities seen in patients 
with chronic heart failure are not typical of the 
changes seen as a result of either prolonged bedrest 
or of reversible ischaemia caused by peripheral vas
cular disease.

Increased subsarcolemmal mitochondrial aggre
gates have been reported in children with cardiomy
opathy and chronic heart failure.1" Conversely, car
diac conduction defects have been described in many 
patients with mitochondrial myopathy,57103 suggesting 
that the myopathy is generalized.11

(b) Capillarj' abnormalities

Longhurst et al73 studied biopsies from pronator teres 
muscle and found capillary basement membrane 
thickening in patients with heart failure compared to 
a control group. Wroblewski et al157 documented 
increased capillary basement membrane thickening 
in the skin in patients with chronic heart failure and 
suggested that increased venous pressure due to 
heart failure and abnormal baroreceptor-mediated 
arteriolar vasodilation58 raised capillary pressures in 
these patients. This enhanced stress could eventual
ly lead to increased thickness of these basement 
membranes. Some studies suggest that basement 
membrane thickening is a result of repeated episodes 
of cell death and cell regeneration and may decrease 
diffusion across the capillary.142 143 However, Alpert et 
al3 studied increased basement membrane thickness 
in diabetes and suggested that the increased thick
ness facilitates rather than retards oxygen diffusion.

(c) Glycolytic and mitochondrial enzyme activities

Whilst the skeletal muscle glycolytic enzyme activi
ties are not reduced in CHF™133 reduced activities of 
the enzymes involved in aerobic metabolism (succi
nate dehydrogenase and cytochrome oxidase) is a 
common finding in these patients.14 34 81-88 89 116 150 Some 
researchers have found respirator}' exchange ratios to 
be lower at maximal and at submaximal exercise in 
patients with chronic heart failure compared to con
trols.105'120 The decreased values in the patients could 
be explained by an increased reliance on fat, as 
opposed to carbohydrate metabolism in these 
patients in an effort to preserve skeletal muscle glyco
gen stores.

(d) Oxidative enzyme activity

Reduced oxidative capacity of skeletal muscle 
enzymes involved in aerobic metabolism, including 
succinate dehydrogenase and cytochrome oxidase, is 
a common finding in patients with heart fail-
ure.:i8,81 88,80 116 150'154'1B5-159 Drexler et al35 reported a close

relationship between the oxidative capacity of skele
tal muscle and V 0 2 peak during exercise in patients 
with chronic heart failure, and suggested that the 
extent of alteration of skeletal muscle metabolism 
was related to exercise capacity in these patients. 
Furthermore, Stratton et al131 reported that training 
improved oxidative capacity of forearm skeletal mus
cle, indicating that the impaired oxidative capacity 
may be due to inactivity and responds to a period of 
training. However, Lipkin et al71 reported that skele
tal muscle oxidative enzyme activity was within the 
normal range in patients with severe chronic heart 
failure. This finding is supported by Minotti et al9799 
who reported that since oxygen extraction by skeletal 
muscle is near complete in these patients, skeletal 
muscle metabolic disorders are not likely to substan
tially limit maximal exercise performance.

(e) Increased blood concentrations o f tumor necrosis
factor

Increased circulating concentrations of tumor necro
sis factor (TNF) in skeletal muscle of patients with 
heart failure have been measured. However, this 
cytokine is not present in all patients with cardiac 
abnormalities.69,93 Furthermore, Drexler et al34 recent
ly reported that circulating concentrations of tumor 
necrosis factor do not correlate with the extent of 
skeletal muscle damage.

In summary, few studies have examined skeletal 
muscle abnormalities and whilst some studies have 
documented gross ultrastructural changes in the 
skeletal muscles of patients with chronic heart fail
ure,3971 few studies have yet provided a detailed 
description of these changes or have provided ade
quate control groups to establish the specificity of 
these changes to heart failure.

SKELETAL MUSCLE FUNCTION IN PATIENTS 
WITH CHRONIC HEART FAILURE

(i) Isometric skeletal muscle function

Studies of isometric skeletal muscle function have 
produced conflicting results. This is possibly due to 
differences in exercise protocol used in various stud
ies, size of the muscle group examined and correction 
for lean muscle mass or cross sectional area.

Several studies have reported that skeletal mus
cle function is impaired in patients with heart failure, 
even when the heart failure is m ild.12,7190 Lipkin et al71 
documented that isometric maximal voluntary con
traction of quadriceps muscles of heart failure 
patients was 55% of the predicted strength for an age- 
, mass- and sex-matched population even after taking 
into account the decrease in cross-sectional area of 
the muscle, but no control group was actually tested.

Muscle cross-sectional area in healthy subjects is 
directly related to force development91125 and it has 
been assumed that decreased cross-sectional area of 
skeletal muscle causes decreased skeletal muscle 
strength in patients with heart failure.76

Brdler et al12 reported that supramaximal repeti
tive stimulation of a large muscle mass (quadriceps) 
caused rapid onset of fatigue and reduced isometric 
force production in patients with severe heart failure 
compared to patients with mild heart failure and con
trols, whereas force production and fatigue of adduc
tor pollicis was not different between groups.
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However, the maximal isometric force production per 
unit, muscle cross-sectional area was within the nor
mal range (according to norms of Chapman et al10). 
This led to the conclusion that the reduction in force 
for the larger muscle mass was not due to impaired 
force production by the myofibril. Minotti et al07 
reported that maximal voluntary contraction was not 
different in patients compared to control subjects 
even though maximal cross-sectional area of the knee 
extensors was significantly smaller in the patients. 
They also found a strong correlation between isomet
ric strength and maximal cross-sectional area of the 
thigh muscles. In addition, Magnusson et al70 found 
that although the isometric strength of the quadri
ceps femoris muscle of these patients was 14% less 
than age-matched controls, the tension per unit of 
muscle cross-sectional area was similar between 
groups, which is in accordance with the report of 
Buller et al.12

More recently Harridge et al51 studied contractile 
characteristics and resistance to fatigue in male 
patients with chronic heart failure. These researchers 
found that maximal voluntary isometric contraction 
was similar for patients and controls, however, a faster 
isometric twitch time course was observed in the 
patients with heart failure compared with controls. 
The poor resistance to faitigue was confirmed in this 
study by using twitch interpolation. This was shown 
not to be due to poor skeletal muscle activation. These 
findings indicate that independant of muscle 
strength, patients with heart failure have impaired 
resistance to muscle fatigue. However, the increased 
fatigablility seems not to be due to poor muscle acti
vation.51

(ii) Isokinetic skeletal muscle function

Minotti et al97 measured peak torque and endurance 
during isokinetic knee extensions in these patients 
and found that dynamic muscle endurance was signif
icantly lower in patients compared to controls. 
Furthermore there was only a weak correlation 
between dynamic endurance and knee extensor cross- 
sectional area in these patients.90 Also, Magnusson et 
al70 reported a markedly lower dynamic endurance 
capacity of the quadriceps femoris muscles in patients 
with chronic congestive heart failure compared to age- 
matched controls, but there was no difference in peak 
tension per unit of cross-sectional area of the skeletal 
muscle. Thus it appears that diminished skeletal 
muscle endurance capacity during repetitive exercise 
is the most consistent finding in these patients, and 
that a reduction in muscle strength is not always a 
consistent finding, especially when the cross sectional 
muscle area is taken into account.12,9799

(ill) Skeletal muscle recruitment

It has been suggested that central nervous system 
inhibition of skeletal muscle afferents may limit exer
cise during hypoxia or hypoperfusion in normal sub
jects.4749,54 It is not known whether this is due to a feed
forward or feedback mechanism from damaged or 
hypoxic skeletal muscle, or whether this mechanism 
could affect exercise tolerance in patients with chronic 
heart failure.

Minotti et al98 measured amplitude and area of the 
M wave (compound muscle action potential) decline

during progressive, fatiguing exercise in an attempt to 
determine whether the accelerated fatigue in these 
patients is due to impaired muscle activation as a 
result of inadequate central motor drive or neuromus
cular transmission, or by a change in muscle itself. 
Their findings indicate that the more rapid onset of 
muscle fatigue in patients with congestive heart failure 
is not caused by impaired central motor drive or neu
romuscular junction transmission. Rather, they sug
gest that this fatigue is caused by an abnormality in 
the muscle itself.

(iv) Additional factors and their possible effect on exer
cise performance in patients with chronic heart failure

It is possible that the medication ingested by patients 
with chronic heart failure, chronic deconditioning due 
to heart failure, or the age of the patient might also 
contribute to the impaired exercise performance of 
these patients.

(a) Effects of medication on exercise performance in
patients with heart failure

Ingestion of medication plays a key role in the man
agement of symptoms in patients with chronic heart 
failure and the effect of these agents on exercise per
formance requires consideration. A  recent significant 
development in medical management of heart failure 
is the introduction of angiotensin converting enzyme 
(ACE) inhibitors. Chronic ingestion of either captopril 
and enalapril not only improves signs and symptoms of 
heart failure and increase exercise performance, but 
reduces mortality in patients with chronic heart fail-
jjj.g_1 13.12H

The negative inotropic effect of beta blockers caus
es haemodynamic and clinical deterioration in patients 
with heart failure,05 and may also cause an increased 
rate of perceived exertion during submaximal exercise 
effecting either the central nervous system or skeletal 
muscle in these patients.30 Diuretics are effective in 
reducing total body sodium and water content, and 
thus relieving the symptoms due to fluid retention in 
patients with heart failure, but there are no data to 
suggest that they improve quality of life or exercise tol
erance in these patients. Digitalis does appear to be 
effective in improving prognosis in patients with heart 
failure,110 but the benefits are confined to those 
patients who have markedly dilated left ventricles, 
with markedly impaired systolic function.

(b) Physical deconditioning

Patients with heart failure are less physically active 
than normal healthy controls. The pattern of skeletal 
muscle changes seen in patients with chronic heart 
failure is consistent wit h the effects of chronic exercise 
deconditioning, but the magnitude of these changes 
exceeds those which occur after exercise decondition
ing in normal subjects.20 In both states there is exer
cise intolerance, sympathetic activation, increased 
resting heart rate, reduced heart rate variability, atro
phied skeletal muscle and reduced activity of skeletal 
muscle oxidative enzymes.1,37124 130 Deconditioning 
appears to be one factor involved in the development of 
these potentially reversible skeletal muscle alter
ations39 and for the impaired peripheral vasodilation 
durina exercise in patients with chronic heart fail
ure.127
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(c) Contribution o f age to exercise intolerance in 
patients with heart failure

As various physiological changes occur with increasing 
age, it is important that these changes are considered 
when the physiological response to exercise in patients 
with heart failure is gauged. Although it has been 
reported that oxygen consumption, cardiac output, 
stroke volume, ejection fraction, heart rate and Frank- 
Starling response at maximal exercise are significantly 
reduced in normal elderly subjects compared to 
younger subjects,63 the muscle strength of patients 
with chronic heart failure12 is significantly less than 
age-matched, sedentary controls.tKi Hence, while car
diovascular function is attenuated in both healthy 
elderly persons and elderly persons with chronic heart 
failure, skeletal muscle strength appears to be affected 
to a greater extent in patients with chronic heart fail
ure than in age-matched sedentary controls.

SUMMARY

Exercise performance is markedly reduced in patients 
with heart failure but the the mechanism explaining 
the exercise intolerance has not been precisely 
defined. Previously, central cardiorespiratory factors 
were the main focus of researchers, who measured 
mainly central physiological variables during exercise 
to determine the limitation of exercise in these 
patients. The many inconsistencies discussed in this 
review indicate that other factors could be responsible 
for exercise intolerance in these patients. More recent
ly exercise intolerance in patients with heart failure 
has been explained by abnormalities in peripheral 
blood flow, skeletal muscle structure, and in skeletal 
mucscle metabolism. It is probable that whilst both 
central and peripheral factors contribute to the exer
cise intolerance in these patients, patients may be lim
ited more by disease of skeletal muscle than by dysp
noea or central fatigue.

Cellular organelles

Mitochondrial 
volume density

decreased Drexler et al. 1992.

Surface area of
mitochondrial
cristae

decreased Drexler et al. 1992.

Subsarcolemmal
mitochondrial
aggregates

increased Dunnigan et al. 1987; 
Smith et al. 1976.

Interstitial cellularity increased Lipkin et al. 1988.

Capillaries

Capillary density

Capillary density

Basement
membranes

normal

decreased

thickened

Lipkin et al. 1988; 
Mancini et al. 1989.

Sullivan et al. 1990; 
Drexler et al. 1992. 

Longhurst et al. 1975.

Intracellular lipid 
content normal Drexler et al. 1992.

increased Dunnigan et al. 1987; 
Lipkin et al. 1988; 
Smith et al. 1976.

Intracellular 
glycogen content normal Drexler et al. 1992.

decreased Sullivan et al. 1990.

Glycolytic enzyme 
activity normal Mancini et al. 1989; 

Sullivan et al. 1 990.

Table 1. Review o f histological and biochemical find
ings in studies o f skeletal muscle biopsies in patients 
with chronic heart failure.

Structure Finding Study

Fibre Morphometry

Type I CSA increased
decreased

Type II CSA decreased

T}pe I %

Type II ‘

increased
decreased

increased

Sullivan et al. 1990. 
Lipkin et al. 1988; 
Poole-Wilson et al. 1988. 
Duimigan et al. 1987; 
Lipkin et al. 1988; 
Wilson et al. 1992; 
Poole-Wilson et al. 1988; 
Bussieres et al. 1997. 
Mancini et al. 1989. 
Mancini et al. 1989; 
Sullivan et al. 1990; 
Drexler et al. 1992.

Mancini et al. 1989; 
Sullivan et al. 1990; 
Bussieres et al. 1997.

Oxidative enzyme activity

Cytochrome
oxidase decreased

normal

Citrate synthase decreased

Succinate
dehydrogenase decreased

p-hydroxyacyl CoA decreased 
dehydrogenase

Succinate cytochrome 
reductase normal

Drexler et al. 1992; 
Ralston et al. 1991 
Lipkin et al. 1988.

Mancini et al. 1989; 
Sullivan et al. 1990; 
Ralston et al. 1991; 
Wilson et al. 1992; 
Bussieres et al. 1997.

Ralston et al. 1991 
Mancini et al. 1989 
Sullivan et al. 1990

Bussieres et al. 1997

Lipkin et al. 1988.

Abbreviations: CSA, cross sectional area.
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ABSTRACT

Objectives: This study analyzed heart rate, blood lac
tate and motion patterns of South African (SA) and 
Overseas (OS) professional beach volleyball players. 
Methods: Thirty two subjects participating in the 
World Beach Series, Cape Town, 1995, volunteered 
with written informed consent (SA=20; OS=12). 
Anthropometric measures included stature, mass and 
percentage body fat. Physiological parameters includ
ed heart rate monitoring during match-play recorded 
by the Polar Heart Watch Sports Tester. Blood lactate 
was measured after match-play using the Acusport 
Blood Lactate Analyzer. Motion analysis was recorded 
during match-play and included; jump serve, serve, 
block, dig, volley, run and dive. This information was 
synchronised with the heart rate data.
Results: Results indicated that OS players were signif
icantly (p<0.05) older, taller, heavier and lower in per
centage body fat, compared to SA players. Mean heart 
rate (beats.min1) (luring match-play was not signifi
cantly different (SA=157.94 vs OS=155.66) neither was 
maximal heart rate (SA=182.20 vs OS=180.66). No sig
nificant difference was observed in post-match blood 
lactate concentrations (m m ol') for both groups 
(SA=3.83 vs OS=2.85). The frequency of motion tech
nique utilization was similar for SA and OS players 
with the exception of service and volley technique 
(p<0.05). Thus, SA players used the standing serve 
and volley significantly more often than OS players, 
while conversely the OS players used the jump serve 
more frequently than SA players. The playing surface 
of beach volleyball (sand) and a “ 2-man team” 
appeared to increase the energy cost of play relative to 
the indoor code (hard surface) and “6-man team”. 
Rallies were relatively short 5.39 secs alternating with 
non-rally (rest) periods of 19.08 secs. These temporal 
characteristics suggest that beach volleyball makes 
predominant demands on the ATP-CP and glycolytic 
energy systems (luring rally-play, while the aerobic sys
tem sustains low intensity motion during non-rally play 
and concomitantly replenishes ATP-CP stores. 
Conclusions: The results from this study indicate that

CORRESPONDENCE:
Mr SEH Davies
Dept of Human Movement Science 
University of Zululand 
Kwa Dlangezwa, 3886 
South Africa
Tel/Fax - 27 - 351 - 93916 
email - sdavies@pan.uzulu.ac.za

OS players were significantly older, taller, heavier and 
lower in % body fat, and utilized the jump serve more 
than SA players. Indicators of physical exertion, name
ly mean and maximal heart rates were similar for SA 
and OS players, indicative of comparable energy expen
diture during match-play Mean rally length (5.39 secs) 
and non-rally (19.08 secs) were respectively shorter 
and longer in duration than the values reported during 
indoor volleyball match-play

INTRODUCTION

There appears to be a paucity of research regarding the 
sport of “2 Man” beach volleyball. This study sought to 
redress this shortcoming by examining heart rate, 
blood lactate and motion analysis of participants at the 
World Series Beach Volleyball Championships, Cape 
Town 1995.

Although beach volleyball may be construed to be 
an emerging sport in comparison to other sports, 
including “6 versus 6 ” indoor volleyball, it has howev
er gained increasing importance at both recreational 
and professional levels. This is perhaps best reflected 
by the inclusion of beach volleyball at the 1996  
Olympic Games, and the ‘1996 World Series’ offering 
4.5  million US Dollars in prize money.

Beach volleyball would appear to be a sport charac
terised by short periods of intense physical activity, fol
lowed by longer periods of less intense activity. Motion 
analysis of patterns of play for beach volleyball appear 
to be lacking, although this has been well researched 
for the indoor code,1"1’ 1 along with other sporting codes 
such as rugby,5 soccer6, handball,7 waterpolo,8 and ice- 
hockey goal tending.9

Physiological studies of the indoor code have iden
tified the predominant energy requirements (luring 
match-play. Smith et al.10 consider the indoor game to 
be aerobic in nature, combined with a high anaerobic 
component. Conlee et al.11 investigated glycogen deple
tion by muscle fibre staining as a result of volleyball 
match-play. They reported after examining pre- and 
post-match muscle staining of slow and fast twitch 
muscle fibres, the mean percentage depletion of glyco
gen in slow twitch fibres was 36% as compared to 6.5% 
in fast twitch fibres. This may suggest that the 
increased glycogen depletion of slow twitch fibres as 
compared to fast twitch fibres in this study illustrates 
a significant involvement of the aerobic energy path
ways during volleyball match-play.11 Kunstlinger et al.12 
reported elevated concentrations of free fatty acids 
after volleyball match-play, implying an increased con
tribution by the oxidative metabolism in well-trained 
players. Indications of energy production by the anaer
obic pathways during the dynamic high intensity 
movements including spikes and blocks were shown by
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changes In electrolyte and catecholamine levels.12
Smith et al.10 considered that during international 

indoor volleyball matches, fitness, physical character
istics and skill are the key factors determining perfor
mance. This may also be the case for beach volleyball 
for there is little doubt that the underlying principles 
of match-play for the two volleyball codes are similar. 
However the two codes are distinct from each other 
with regard to the following factors. Beach volleyball is 
a 2-aside game, while indoor volleyball is 6-aside, but 
both are played on a court 9m by 18m. The playing sur
face of beach volleyball is sand, a displaceable/compli
ant substrate, which raises the metabolic cost of 
motion by as much as 100% compared to a hard sur
face.13

Climatic and geographic factors are also likely to 
affect performance. This is because the major beach 
volleyball competitions in the world, including the 
World Beach Volleyball Series take place almost exclu
sively during the summer months. The combination of 
several strenuous games in a day with relatively high 
temperatures and humidity, in energy sapping sand is 
likely to raise the metabolic cost of playing, and 
increase the risk of dehydration.1415 Murray makes the 
observation that when a competitive psyche from a 
cool, temperate climate meets a warm and humid envi
ronment without considering acclimatization, the 
results can be disastrous for both performance and 
health.10

The World Series Beach Volleyball Tour was staged 
in Cape Town, 1995, attracting many of the best play
ers from both South Africa and Overseas. Participants 
were studied to identify anthropometric characteris
tics and inotion-pattems. Physiological demand on the 
players was assessed using continuous heart rate mon
itoring and postmatch blood lactate concentrations. 
The organisation of the World Series allows the host 
nation to enter significantly more teams (n=15) than 
would normally occur. This meant that subject num
bers allowed for a comparison between South African 
(SA) and Overseas (OS) players. The aim of this study 
is to identify anthropometric and physiological charac
teristics of successful players, as well as their pre
ferred patterns of play.

METHODS

20 South African (SA) and 12 Overseas (OS) profes
sional beach volleyball players participated in this 
study with written informed consent.

Climatic parameters included fin,' and wet bulb 
temperature readings (”C) along with wind speed mea
sures (in.sec1). A slingpsychrometer was rotated three 
minutes prior to each match in a shaded area for one 
minute whereupon fin,' and wet bulb temperature read
ings were recorded. Relative humidity was derived 
from a psychometric chart conversion of fin' and wet 
bulb readings.17 Wind speed data was collected by a 
TurboMeter™ wind speed indicator, Davis 
Instruments, Hayward, California, USA, sampling 
wind speed (m .sec') even,' ten seconds for two minutes 
prior to the match with the mean value being record
ed. Matches were played at either Camps Bay beach or 
on the man-made courts at the Waterfront in Cape 
Town, site of the World Series.

Anthropometric measures included stature and 
body mass as described by Tanner.18 Percentage body 
fat was calculated from skinfold measures of four sites, 
namely biceps, triceps, supra iliac and subscapular

according to the method of Durnin and Womersley.19
Physiological measures involved the recording of 

heart rate during competitive matchplay and blood lac
tate sampling Immediately after the game. Heart rate 
was measured by the telemetric Polar Heart Watch 
‘Sports Tester’, a portable heart-rate monitor set at 5 
second record intervals. The transmitter and electrode 
strap was placed around the subject’s chest at the level 
of the inferior border of the pectoralis muscles. The 
‘watch ’/receiver was located on the back of the subject, 
attached to the electrode strap between the scapulae. 
The reason for not wearing the ‘watch’/receiver on the 
wrist, was to avoid high impact with the ball during 
spiking, blocking, digging and diving actions. It was 
anticipated that this high impact might damage the 
‘watch’/receiver itself and distort the telemetric trans
mission. After the game the heart rate data was down
loaded onto a computer where it was analyzed via the 
Polar Heart Rate Analysis Software.20 An example of 
the graphic representation of heart rate response dur
ing a game can be observed in Figure 1.

Blood lactate was analyzed using the Acusport 
Blood Lactate Analyzer from Bohringer. Within 2 min
utes of the conclusion of a match the finger was 
pricked with a lancet, the suspended globule of blood 
was allowed to drop onto the test strip, which was then 
inserted into the Acusport for analysis.21

Motion analysis was recorded during actual play. A  
recorder observed one player during a game and noted 
down on a running spread sheet even,' major motion 
that the player performed. The different patterns of 
play were synchronised wit h heart rate data in order to 
study the physical strain associated with each major 
motion. Eight major motions were noted, namely: 
Jump Serve, a serve whereby the player jumps up in

Figure 1: A n example o f a smoothed heart rate plot dur
ing match-play
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the air and hits the ball hard with heavy top spin; 
Serve, a regular tennis style action where the player 
stands and strikes the ball above his head; Block, a 
defensive action where a player jumps at the net and 
attempts to stop an offensive action (hit/spike) by pre
senting a barrier with both arms out stretched above 
the net band; Dig, a passing technique where the play
er plays the ball with clasped hands and straight arms 
off the forearms; Volley, where the ball is played above 
the head with the lingers of both hands in a clean 
manner; Hit/Spike, an attacking shot where the player 
jumps as high as possible at the net, enabling him to 
hit/spike the ball down into the opponent’s court; Run, 
when a player runs more than 3m to chase or retrieve 
a ball; Dive, when a player in order to play the ball is 
forced to throw himself or sprawl in the sand. Video 
recordings were taken of match-play as a back up to 
the insitu motion analysis recording.

Statistical analysis was performed by the 
Statgraphics software package, Version 5 . "  Summary 
statistical analysis included means and standard devi
ations, along with One-Way Analysis of Variance 
(ANOVA) at p<0.05.

RESULTS

Anthropometric data of both SA and OS players are 
shown in Table 1. It was noteworthy that the OS play
ers were significantly (p<0.05) taller, heavier, lower in 
percentage body fat and older when compared to SA 
players.

Physiological parameters in Table II show the 
means and standard deviations of total, maximal and 
mean heart rates during match play. It was interesting 
to note that there is little difference between the max
imal and mean heart rates of SA and OS players.

TABLE I: Means and Standard Deviations anthro
pometric data of South African (SA) and 
Overseas (OS) players.

SA (n = 20) OS (n = 12)

Stature (cm) 
Mass (kg)
% Body Fat

184.94 (5.9) 
77.67 (8.14) 
15.95 (3.09)

190.75 (5.49)
88.66 (3.47) 
12.38 (4.55)

indicates a statistical difference at p<0.05

TABLE II: Means and Standard Deviations for total 
(beats), maximal and mean heart rate 
(beats.min1), and blood lactate (mmol.l1) 
of South African (SA) and Overseas (OS) 
players during match play.

Total HR  
Max HR  
Mean HR  
Lactate

SA (n = 20)

4135.47 (1190.82) 
182.20 (12.41) 
157.94 (12.68) 
3.83 (2.48)

OS (n = 12) -

6193.17 (1188.41)* 
180.66 (8.60)
155.66 (13.58)
2.85 (1.60)

indicates a statistical difference at p<0.05

There was a significant difference between the two 
groups wit h regard to total heart rate, and this was 
directly related to the difference in the mean length of 
the games of the two groups analyzed (SA=25.18 mins 
and OS=37.45 mins). Blood lactate concentrations 2 
minutes after the game showed no significant differ
ence between SA and OS players (Table II).

Climatic conditions were ascertained by measure
ment of wet and dry bulb temperature, wind speed and 
relative humidity (Table III). The climatic conditions 
experienced by both SA and OS players during match- 
play were not significantly different.

Motion analysis data can be observed in Table IV 
which indicates the mean time-lapse between specific 
motions. This is a way of presenting the frequency at 
which each motion technique was utilized. SA and OS 
players had similar frequency rates for the block, dig, 
hit/spike, run and dive. The two groups differed wit h 
regard to the type of serve used and to a lesser extent 
the volley technique. Table IV also shows the mean 
time lapse (secs) between all motion techniques 
(SA=20.58 secs vs OS=20.78 secs), as well as between 
high intensity motions (SA=41.41 secs vs OS=38.22 
secs), which includes jump serve, block, hit/spike, run 
and dive. The time-lapse between all monitored 
motions and high intensity motions were comparable 
for SA and OS players.

TABLE III: Means and Standard Deviations for wet 
bulb, dry bulb (°C) and wind speed 
(m.sec1), along with relative humidity 
(%) encountered by South African (SA) 
and Overseas (OS) players during match 
play.

SA (n = 20) OS (n = 12)

W. Bulb 20.21 (3.01) 20.75 (3.81)
D. Bulb 26.73 (6.15) 27.50 (6.31)
W. Speed 1.76 (1.01) 1.41 (1.22)
Humidity 50 50

* indicates a significant difference at p<0.05

TABLE IV: Mean time-lapse between individual 
motion (mins) and combined motion 
frequency (secs) o f South African (SA) 
and Overseas (OS) players during 
match-play.

SA (n=20) OS (n=12)
Jump serve (mins) 4.24 2.51
Serve (mins) 3.08 5.19
Block (mins) 3.03 2.40
Dig (mins) 1.21 1.24
Volley (mins) 2.37 3.37
Hit/spike (mins) 1.42 1.44
Run (mins) 3.07 3.25
Dive (mins) 6.27 6.28
All Motion (secs) 20.97 20.78
High intensity 41.69 38.22
motion (secs)

indicates a significant difference at p<0.05
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Table V shows previous studies of temporal analy
ses during indoor 6 aside match-play and the present 
study of beach volleyball. The rallies during beach vol
leyball matchplay are generally shorter (5.39 secs), 
while rest periods (non-rally match play) are generally 
longer (19.08 secs) than for the indoor code.

Table V: Temporal analyses of indoor volleyball (1979 - 
1987) and beach volleyball (present study) with regard to 
mean rally length, rest duration (secs) and rally-rest ratio.

Lecompte Fiedler 
& Rivet (1979) 
(1979)

Dyba Viitasalo Present 
(1982) etal (1987) study

Mean 
duration 
of rally

9.7 9.0 7.0 6.6 5.39

Mean 
duration 
of rest

11.7 12.0 13.3 14.2 19.08

Rally: 
rest ratio

1:1.2 1:1.3 1:1.2 1:2.2 1:3.5

DISCUSSION

It has been observed in previous studies that temper
ature and relative humidity can have a significant 
effect on selected physiological responses including 
heart rate and levels of blood lactate during exer
cise.1415 It was clear that temperature and relative 
humidity experienced by the two groups namely SA 
and OS beach volleyball players was very similar, and 
therefore did not confound or skew the data (Table 
III).

SA and OS players were significantly (p<0.05) dif
ferent in terms of stature, body mass and percentage 
body fat, with the OS players being taller, heavier and 
leaner. Previous studies of the indoor code suggest 
that elite players have greater stature, higher body 
mass and lower percentage body fat, when compared 
to lower standard performers.10 In order to hit/spike 
and block effectively it is necessary' to be able to play 
the ball above the net, therefore greater stature is 
advantageous. Jumping ability also plays an important 
part when attempting to hit/spike or block the ball. 
The OS players were in most cases experienced mem
bers of the World Series tour and were more likely to 
be full-time professionals, while the SA players were 
in most cases semi-professional, whose experience of 
pro-beach volleyball was largely restricted to domestic 
competitions. Greater frequency of high level tourna
ments at international level of the OS players has 
probably resulted in greater concern about dietary 
intake and training preparation with regard to opti
mising performance, and could account for the lower 
percentage body fat of these players when compared 
to SA players.

The maximal heart rate (beats.min1) for the two 
groups was highly comparable (SA= 182.2 vs 
OS=180.66) along with mean heart rate (SA=157.9 vs 
OS=155.6). This would appear to imply that SA and OS

players have similar peak and mean levels of exertion 
during match-play, as indicated by heart rate response. 
Previous studies of heart rate during indoor volleyball 
match play show it to be less strenuous than the find
ings in this study, with the following average heart 
rates (beats, m in1) reported: 110-125,23 155,24 139,25
144,3 and 127.4

The only major divergence in heart rate analysis 
concerned total heart rate per game, and this is linked 
unquestionably to game length. The OS players spent 
a significantly (p<0.05) longer period on court than 
their SA counterparts, thus their greater total heart 
rate (SA=4135.47 beats.match1 vs OS=6139.17 beats. 
match1).

The post match concentrations of blood lactate for 
SA and OS players (3.83 and 2.85 m m ol.l1, respective
ly) were relatively low and concur with similar findings 
reported for indoor volleyball of 2.57 m m ol.l1 and 0.85  
mm ol.l1.1112 These observations indicate that during 
the rally-phases of both beach and indoor volleyball, 
energy is predominantly supplied by phosphogen 
breakdown (ATP/CP) for the first few (2-3) seconds of 
work, coupled by an increasing contribution by glycoly
sis as the exercise duration lengthens. Thus, there is 
an interplay between all three energy systems 
(ATP/CP, glycolysis and oxidative metabolism) to pro
vide energy for work. During less intense phases of 
play, namely non-rally phases the oxidative metabo
lism replenishes depleted ATP/CP stores. This con
tention appears to be supported by the findings of 
Essen and Kaijser27 who reported that during inter
mittent exercise of 15 seconds work and 15 seconds 
rest, the ATP/CP concentrations were largely replen
ished during the recovery' phase. This oscillating 
demand made upon the energy systems of the body is 
a reflection of the intermittent nature of beach volley
ball. The work to rest ratios in this study were 1:3.5, 
comprising on average a rally-phase of 5 .39 seconds 
and a non-rally-phase (recovery/partial recovery) of
19.08 seconds. The non-rally phases would also 
appear to facilitate the removal of lactate which may 
have accumulated during prolonged rally-phases 
where one would assume that an increased demand 
had been made upon glycolysis.20

Motion analysis (Table IV) focused on the mean fre
quency at which each motion was performed by identi
fying mean time-lapse (minutes/seconds) between 
each defined motion. The time-lapse between-all of the 
identified motions by SA and OS players was relative
ly comparable with the exception of the service and 
volley technique. Thus, SA players performed a jump 
serve on average every 4.24 minutes, while OS players 
performed the same motion significantly (p<0.05) 
more often every 2.51 minutes. Conversely SA players 
performed the standing serve more frequently, once 
every 3.08 minutes, while OS players did so every 5.19  
minutes. The SA players used the volley technique 
every 2.37 minutes, where as the OS did so only every 
3.37 minutes, this was significantly different (p<0.05). 
The average frequency at which all motions were per
formed in relation to game length was once every 20.97  
seconds for SA players and once every 20.78 seconds 
for OS players (Table IV). High intensity motion tech
niques such as the jump serve, block, hit/spike, run 
and dive occurred on average less frequently; SA play
ers, performed one every 41.69 seconds and OS play
ers one every 38.22 seconds. This would indicate that 
the pace at which elite beach volleyball was played, 
was similar for both SA and OS players and provides 
an explanation for the parity of mean and maximal
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heart rate values exhibited by both groups.
The average length of a rally was 5 .39 seconds (SA 

and OS playersXTable V). This appears to be consid
erably shorter than reported mean rally length for the 
indoor code, characterised by average rally lengths of 
9.7 secs,1 9.0 secs,2 7.0 secs3 and 6 .6  secs.4 Conversely 
the average duration of the non-rally phase was longer 
for beach volleyball at 19.08 seconds, when compared 
to the indoor code, where rest times of 11.7 secs,1 12.0  
secs2 13.3 secs3 and 14.2 secs4 have been reported 
(Table V). This indicates that beach volleyball has 
shorter rallies and longer rest periods (work to rest 
ratio = 1:3.5), as compared to the indoor game where 
(work to rest ratio varied between = 1:1.2,' 1:1 .3 ,2 
1:1.23 and 1:2.2,4) even though the general physiolog
ical exertion as indicated by heart rate was higher. An 
explanation of the substantially longer non-rally peri
ods can be attributed to more permissable time outs 
(4 vs 2 per team compared to the indoor code) and end 
changes after every 5 points, which is not a feature of 
indoor volleyball and involves both teams having to 
walk and occupy ‘opposing’ ends. An explanation for 
the higher mean heart rate levels was probably due to 
the fact that only 2 players form a beach volleyball 
team as opposed to 6 players for the indoor code on a 
court the same size. Also the sand would appear to 
‘slow’ down the speed of players around the court, as 
well as inducing increased energy cost.13 These factors 
probably diminish the likelihood of repeated 
exchanges (rallies) between teams, and result in 
shorter rallies than those reported for indoor volley
ball. Another factor concerns the increased difficulty 
involved when defending against a typical power 
offence (hit/spike) in beach volleyball when compared 
to the indoor code. It is clear that a team with six 
players defending against one person hitting/spiking, 
typified by a two man block and four other players cov
ering the rest of the court, are more likely to be suc
cessful than two players attempting the same task. 
Thus the numerical advantage that a 6-aside team has 
over a 2-aside beach volleyball team, improves their 
defensive capabilities and contributes to longer ral
lies.

CONCLUSION

The data from this study indicate that beach volleyball 
is made up of short intense sequences of motion (rally- 
phases) that are on average 5.39 seconds in duration 
indicative of a predominant provision of energy by the 
ATP/CP systems for the initial phase of high intensity 
activity (2-3 seconds), along with glycolysis and the 
oxidative metabolism. These ‘rally-phases’ alternated 
with recovery ‘non-rally-phases’ which were on average
19.08 seconds in duration, and allowed for the replen
ishment of ATP/CP by the aerobic metabolism. 
Relatively low concentrations of blood lactate (3.34  
mmol.l ■) found after match-play are probably due to 
the intermittent nature of beach volleyball. Thus, non- 
rally-phases which were on average 19.08 seconds pro
vided sufficient time for the removal of any lactate that 
may have accumulated during rally phases. The aero
bic energy system was utilised extensively, especially 
during non-rally-phases, when the players performed 
low and medium intensity motion on sand such as 
standing, walking and jogging. The aerobic energy sys
tem concomitantly replenished ATP/CP stores deplet
ed during intense phases of match-play. The overall 
increased energy cost of beach volleyball was reflected 
in higher mean (159.5 beats.min1) and maximal 
(181.43 beats.min1) heart rate values relative to those

found for the indoor code.
Motion analysis of the major techniques utilised in 

beach volleyball indicated that both SA and OS uti
lized similar motion techniques at comparable fre
quencies, with the notable exception of service and vol
ley technique. The difference in the use of the volley 
pass, which is usually employed to set the ball up for 
an attack may be explained by the fact that some of the
OS players were previously specialist international 
indoor volleyball players, whose roles rarely required 
them to volley. The beach volleyball rules on volleying 
are strict, and it is likely that the OS players in this 
study used the volley only when they had to, so as to 
avoid being penalized for handling errors. Apart from 
the type of service employed and the volley technique 
the patterns and frequency of play of the SA and OS 
players were highly comparable. This resulted in sim
ilar exertional profiles as indicated by heart rate 
response and blood lactate levels.

The results of this study should provide coaches 
and players of beach volleyball with scientifically 
derived information which can assist in preparation 
and match-play. Motion analysis highlighted desirable 
motion patterns of elite professional beach volleyball 
players, along with an insight into the exertional 
demands of the game. These factors should serve to 
improve the standard of performance, particularly for 
those players who are involved at competitive levels.
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ABSTRACT

Objectives: This study assessed the heart rate (HR) 
responses recorded every 15 seconds, of ten umpires 
(six provincial and four international umpires) to on
field events during limited-overs' cricket matches. 
Methods: Specific on-field events, including appeals, 
the umpires resulting decisions and any other tasks 
the umpire had to make such as calling a no-ball or a 
wide-ball, were recorded.
Results: The results showed that the umpires’ ratings 
of the on-field decisions varied from “below average” 
to “stressful” with regard to the amount of perceived 
stress they felt. The international umpires’ ratings 
indicated less perceived stress than the provincial 
umpires, who showed a far greater variance with 
regard to LBW, catch, run-out and wide-ball decisions. 
The mean HR rate before the commencement of the 
match (99±11.8 beats m in1) and during the first 
(100112.4 beats m in1) and second innings (100±8.6  
beats m in1) of the match corresponds to approximate
ly 60% of the umpires’ estimated maximal HR. The 
recorded HR varied from 68 beats 
m in1 to 127 beats m in1 at the time of the event, with 
the highest HR (139 beats m in') recorded 15s post 
event. Non-significant variations in the HR occurred 
during the various periods of the match for the whole 
group. The differences (D=-0.7 beats m in1) between 
the heart rate of the international umpires prior to the 
match and the first session of the first innings was sig
nificantly less (p<0.05) than the corresponding differ
ence (D=7.5 beats m in1) during the same period of the 
second innings, as well as between the second and the 
third sessions of the second innings, illustrating 
greater variation for the inexperienced umpires. Heart 
rate data of an umpire during a hat-trick (three wick
ets in three balls) during an international, showed 
anticipatory increase in HR for each delivery. 
Conclusions: It can be concluded that the heart rate 
response of the umpires to on-field events indicate that 
they are under psychological pressure, with interna
tional umpires, although umpiring at a higher level, 
better able to handle these pressures.

CORRESPONDENCE:
Dr Richard Stretch 
Sport Bureau
University of Port Elizabeth 
PO Box 1600 
Port Elizabeth 6001 
Tel - 27 - 41 - 504 2584 
Fax - 27 - 41 - 53 2605 
email - sparas@upe.ac.za

INTRODUCTION

Due to the increased speed of bowlers and the com
plexity7 of cricket, the integral role of umpires within 
the game has necessitated a rise in standard with a 
high degree of accuracy and consistency. The introduc
tion of the third or “TV” umpire has relieved the on
field umpires of making certain “line decisions” in 
internationals and Test matches. This has assisted in 
making the task of the umpire easier with regard to 
stumping and run-out decisions, as well as in cases 
where doubt may exist as to whether the ball had 
crossed the boundary or not. This has, however, neces
sitated an increase in the number of TV cameras and 
slow motion replays available to the third umpire, as 
well as to the commentators and viewers who are able 
to view the incidence a number of times before making 
their “decision” . However, the on-field umpires have 
to make split-second decisions without the luxury of 
these slow motion television replays from a variety of 
different angles with any mistakes high-lighted by 
“trial by television” re-plays. As the pressure increas
es on the umpire, the more likely he is to make the 
wrong decision with inaccuracy and inconsistent 
bringing the umpire under tremendous pressure and 
criticism.

Besides having to Implement the laws of the game, 
the umpire is also required to arbitrate on issues of 
gamesmanship, “sledging” and personality differ
ences. Umpires are expected to maintain alertness 
throughout the duration of the match, which may last 
up to six hours a da}' for five consecutive days in a Test 
match. An umpire who performs well goes largely 
unnoticed, while an umpire who is deemed to have 
erred is accused of incompetence and even bias. This 
constitutes immense psychological pressure.

Umpires, due to the fact that they need to gain 
experience before becoming eligible to umpire at 
provincial and international level, tend to belong to an 
age range that is older than the cricket players them
selves. Umpires further differ from the players in that 
they are not professionals, generally holding full-time 
employment outside of the game of cricket.

HR monitors have primary being used to evaluate 
the movement patterns and intensity7 of playing a vari
ety of sports,1 234,567 with researchers having focused 
very little attention on the match official. Two 
Australian football field umpires recorded mean heart 
rates (HR) of 159 beats m in1 and 148 beats m in1, 
increasing to 173 beats m ill1 when having to intervene 
in a scuffle between players.8 The resting HR of soccer 
referees were high (100 beats m in1) before a match, 
averaging 165 beats m in1 (95% of the estimated maxi
mal HR) for the duration of the match.9 In both stud
ies the mean HR was similar for both halves of the 
match.89
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The task of cricket umpiring was rated as “psycho
logically demanding” and in order to achieve and 
maintain high standards, umpires need to be intro
duced to the educative and performance enhancing 
applicability of psychological techniques.10 These 
include the setting of realistic performance goals, 
improving communication skills and the development 
of techniques to improve attention, concentration and 
confidence.

Therefore, the main aim of this study was to 
assess the HR response of cricket umpires to on-field 
events during provincial and international limited- 
overs matches. These findings would provide a better 
understanding of the psychological and physiological 
demands of umpiring, which in turn could improve 
the mental and physical preparation of the umpires 
in order to meet specific on-field demands, thereby 
raising the standard of umpiring.

METHODS

The subjects consisted of ten umpires who were on the 
South African Cricket Umpires Association provincial 
panel. Four of these umpires had umpired at interna
tional level, with the other six umpires having umpired 
at provincial level. Consent was obtained from the 
South African Cricket Umpires Association and all sub
jects following an explanation of the investigation.

The data collection took place during three official 
50-over day-night provincial fixtures of the United 
Cricket Board of South Africa and two official 50-over 
day-night international fixtures during the quadran
gular series between South Africa, New Zealand, Sri 
Lanka and Pakistan. All these matches were played 
at Buffalo Park, East London.

Heart rate monitoring

The HR was recorded for the full duration of each 
match by means of short-range telemetry using the 
Polar Sport Tester (Vantage XL, Polar USA, Stanford, 
Connecticut, USA). Rubber electrodes made contact 
with the skin and were held in position just beneath 
the pectoral muscles by an elastic strap. The HR sig
nal was transmitted to a microcomputer receiver 
worn on the wrist. The receivers were programmed to 
measure and store the H R readings every 15 seconds. 
At the end of the match these data were downloaded 
into an IBM PC using an interface and software pur
chased from the manufacturers (Polar Computer 
Interface, Polar USA) for later analysis.

The HR monitor was placed on the subject 20 min
utes before the start of the match, with the collection 
•of the HR commencing 15 minutes before the start of 
play. This allowed the subject time to become familiar 
with the equipment. The collection of H R continued 
until 5 minutes after the end of the match. The com
mencement of the collection of the HR data was syn
chronised with a stop watch in order to relate the HR  
to specific on-field events which were recorded. These 
included appeals and resulting decisions made by the 
umpire, and any other tasks or decisions that the 
umpire had to make such as calling a no-ball or a wide- 
ball.

The H R were expressed as the average H R rate for 
different periods. These were: (i) for the fifteen min
utes before the start of the match, (ii) from the start 
of the match to the first break, (iii) from the first to 
the second break, (iv) from the second break to the

end of the innings and (v) for five minutes after the 
end of the innings. This was repeated for the second 
innings of the match. Maximal heart rates were esti
mated using the formula 220-Age.11

In order to assess the differences between the on
field responses of the umpires the HR at the time of 
the occurrence of the umpire’s decision, 15s after the 
occurrence and 30s after the occurrence were 
analysed. To gain further insight in to the umpire’s 
responses, differences between the H R at the time of 
the event and 15s post event (I), ), as well as the dif
ferences 15s and 30s post event (D2) were investigat
ed. It was felt that such differences could be assumed 
to be normally distributed. The responses of the 
umpires to select on-field events were divided into 
the following categories: catch - out; catch - not out; 
Leg before wicket (LBW)- out; LBW - not out; run-out; 
no-ball; and wide-ball. However, due to the fact that 
a number of these categories did not contain enough 
data it was decided to consider only the catch - out, 
catch - not out, LBW - out and LBW - not out.

As the H R was collected during the actual match 
situation it was not possible to control for or take into 
account factors such as the time of the day of the HR  
measurements, food or liquid ingested, tobacco or 
medication used before or during the match, and the 
posture or change in posture during the recording of 
the HR, which all have a significant effect on the HR  
response.

The umpires were required to complete a ques
tionnaire on their perceived rating of how stressful 
they found making certain on-field decisions. These 
included the following decisions: LBW, catch close to 
and behind the wicket, run-out and deciding on a 
“wide-ball” and a “no-ball” .

Statistical Analysis

Single variable statistics were computed using the 
SAS Package with the results expressed as means 
and standard deviation (± SD). A  Student’s t test was 
used to determine differences between the provincial 
and international umpires, with statistical signifi
cance accepted for P values <0.05.

TABLE I: Biographic data and umpiring experience

All Umpires International Provincial

Mean SD Mean SD Mean SD

Age (years) 46.3 8.4 46.8 8.3 46.0 8.5

Umpiring Experience 
(years)
Club 12.1 4.5 12.8 6.1 11.7 3.7
Provincial 7.2 4.5 10.0 4.8 5.3 2.6
International 2.5 3.2 4.3 2.6 - -

Limited-overs 
matches umpired(#) 
Provincial 22.9 22.0 36.0 30.1 14.2 11.3
International 5.2 9.3 13.0 11.2 - -

First-class matches
umpired(#)
Provincial 25.3 17.3 35.0 15.8 20.5 16.3
Test matches 1.7 3.3 4.0 4.3 ‘ '
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RESULTS
The biographical data (Table I) shows a mean age of
46 .3  ± 8 .4  years for all the umpires, with similar aver
age ages for those having umpired at international 
(46.8 ± 8.3  years) and provincial (46.0 ±  8.5 years) 
level. On average the umpires had experience umpir
ing at club level for 12.1 ± 4 .5 years, at provincial level 
for 7.2 ± 4 .5  years and at international level for 2.5 ± 
3.2 years. At provincial level on average the umpires 
had umpired 22.9 ± 22.0 limited-overs and 25.3 ±
17.3 first class (3 or 4  days) matches, while at 
international level they had umpired 5.2 ± 9 .3  limit
ed-overs and 1.7 ± 3.3 Test (5 days) matches. All the 
international umpires, with the exception of one, had 
umpired at Test match level at the time of the study. 
This umpire has subsequently umpired in a number of 
Test matches.

The umpires generally rated the on-field decisions 
from “below average” to “stressful” with regard to

TABLE II: Umpires ratings (#) of the perceived stressfiil- 
ness of decisions made

Not stressful

LBW

1

Catch Run-out

1

No-ball

2

Wide

3

Below average 3 4 3 5 4

Average 3 2 1 3 2

Stressful 3 3 4 - 1

Very stressful - 1 1 - -

the amount of stress they felt (Table II). The umpires 
who had umpired at international level tended to rate 
the on-field decisions as “below average” to “aver
age” , with the ratings of the umpires who had only 
umpired at provincial level showing a far greater vari
ance in their ratings. They rated the LBW, catch, run
out and wide decisions being rated as “stressful” . One 
of the provincial umpires rated the catch and run-out 
decision as “very stressful” . All the umpires rated 
umpiring in first-class and Test matches as more 
stressful than the limited-overs matches as they had 
to maintain concentration for a longer period of time 
and, due to the field placing, there was a greater like
lihood of them having to make decisions with regard 
to catches behind and close to the wicket.

The number of decisions that the umpires had to 
make in response to appeals are shown in Table III. 
From this it is evident that the “LBW - not out” deci
sions was the most common decision made by the 
umpires. In the international matches, the third 
umpire made the decisions with regard to run-out and 
stumping appeals with the use of slow motion TV  
replays, while during provincial matches the on-field 
umpire had to make these decisions.

The results showed a mean HR rate for the 
umpires before and (luring the match (Table LV) 
which corresponds to approximately 60% of the 
umpires’ estimated maximal HR. The HR rate of the

TABLE III: Number of decisions made by the umpires

All Umpires International Provincial

Catch
Out* 31 14 17
Not Out 20 11 9

LBW
Out 8 - 8
Not Out 47 21 26

Run-out
Out 5 1 4
Not Out 5 1 4

Stumping
Out 2 - 2
Not Out 1 - 1

Wide-ball 23 12 11

No-ball 22 4 18

TOTAL 164 64 100

* These were all the dismissals where the batsman was out caught. 
In some cases the umpire was not called on to give a decision as the 
batsman “walked”, other decisions were fairly straight forward deci
sions, while in some cases it was difficult to determine whether the 
umpire was called on to give a decision or not.

TABLE IV: Mean heart rates (beats min1) during the 
first and second innings of the match

All Umpires International Provincial

Mean SD Dill Mean SD Diff Mean SD Diff

15 min to start:
1st Innings 99 11.8 ■ 102 13.9 • 98 11.1 -
2nd Innings 94 9.6 • 95 10.7 - 93 9.6

Start to 1st break 
(Session I):
1st Innings 102 11.1 2.4 101 12.0 -O .H  102 11.6- 4.3 
2nd Innings 101 10.0 7.4 103 9.9 7.^**] 100 10.8 7.3

1st to 2nd break 
(Session 2):
1st Innings 100 14.2 -1.4 102 13.7 0.3 99 15.8 -2.5
2nd Innings 100 8.1 -1.6 97 6.7 -5.8 101 9.2 1.2 ,

2nd break to end 
(Session 3):
1st Innings 99 12.3 -1.3 101 12.8 -0.8 98 13.1 -1.7
2nd Innings 96 8.7 -2.7 97 5.2 0,0-------- 95* 11,4 -6.0

End plus 5 min:
1st Innings 100 12.5 0.7 98 13.5 -3.0 101 13.0 3.2 
2nd Innings 99 7.1 3.0 100 5.5 2.5 99* 8.9 4.0

Mean for innings:
1st Innings 100 12.4 0.3 102 12.5 2.5 100 13.5 -1.1 
2nd Innings 100 8.6 0.6 100 8.9 0.0 100 10.1 1.0

* D ata from one umpire was excluded because the HR monitor malfunctioned during 
this part o f  the match

D iff The difference between the mean HR for a period and the preceding period, with a 
■ indicating that the second session HR was the greater of the two

** Significant difference (p<0.05)

20 SPORTS MEDICINE JULY 1998

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
.)



umpires did not differ significantly during various 
periods of the match. The slight, non-significant 
decreases in heart rates during the second innings 
may be as a result in a decrease in environmental 
temperature during the evening.11 However, signifi
cant differences (p<0.05) were found for the differ
ence between the HR of the international umpires 
during the 15 minutes before the start of the match 
and the first session of the first innings and the cor
responding time during the second innings, as well as 
when the differences between the HR of the second 
and third sessions of the second innings, were com
pared. Although these differences are significant this 
could be as a result of differences in environmental 
conditions.

The H R response of the umpires at the time of the 
event, 15s post event and 30s post event are shown in 
Figure 1 and Figure 2. The H R of the umpires varied 
from as low as 68 beats m in1 at the time of the event 
to 139 beats m in1 at 15s post event. The differences 
in the heart rate response between the time of the 
event and 15s post event (T),) and 15s and 30s post
event (D2) were both positive and negative (Fig 3 and 
Fig 4). In order to obtain more information from the 
data the positive and negative differences were sepa
rated for Dj and D 2. However, the small sample size 
did not reflect any statistical significant differences, 
but for the “LBW -not out” decision it is clear that the 
provincial umpires manifested greater negative dif
ferences for both D, and D2.

DISCUSSION

The principal finding of this study was that the heart 
rates of the umpires was high before and during the 
match, with variations in the HR of the umpires 
occurring >as a result of on-field decisions. Cricket 
umpires do not engage in light physical warm-up 
activities before going onto the field and the elevated 
H R could be attributed to the emotional state of the 
umpires prior to the commencement of the match. 
This anticipatory increase in HR was evident in all 
the umpires before the game and concurs with the 
findings of the study on soccer referees.9 The elevat
ed H R during the match was similar, although with 
lower recorded mean H R  than those found in 
Australian football field umpires,8 association football 
referees9 and netball umpires.1 In these sports the 
bodies physiological responses to the task of umpir
ing and refereeing would be greater due to the nature 
of the task which is more physically demanding than 
that of cricket umpiring.

The second important finding is the large varia
tions in the umpires’ HR at and after the event (Fig 1 
and Fig 2) with the H R varying from as low as 68  
beats m in1 to 139 beats m in'. These variations in HR  
response could be as a result of the psychological or 
physiological response to the appeal. At the time of 
the event, an appeal for a catch, the measured HR  
varied from of 68 beats m in1 (Umpire 2) to 127 beats 
m in1 (Umpire 9) - a difference of 59 beats m in1. The 
greatest change in HR occurred when Umpire 9 
showed an increase in H R from 121 beats min 1 at the 
time of the event to 139 beats m in1 15s after an 
appeal for a catch that he gave “not-out” . This

Figure 1: The HR response of the umpires to “LBW - 
out” and “LBW - not out” decisions at the time of the 
event, 15s post event and 30s post event.

umpire, an international umpire, who admitted to 
going through a “relatively bad patch” in his umpir
ing, also showed the greatest variation in heart rate 
from 15s to 30s after an appeal. The opposition play
ers obviously attempted to exploit this by pressurising 
him with a large number of LBW appeals as recorded.

Figure 1 and Figure 2 also show that the provincial 
umpires (Umpires 1 to 6) generally showed greater 
differences in H R response than the international 
umpires (Umpires 7 to 10), with the exception of 
Umpire 9 who by his own admission had a very poor 
match. This could be an indication that the interna
tional umpires, although umpiring at a higher level 
with more spectators in attendance, greater media 
coverage, particularly television coverage, and more at 
stake for the players, through a combination of their 
psychological characteristics and years of condition
ing as an umpire, are better able to control their emo
tions on the field of play and not feel pressurised by 
the players and the importance of the occasion.

The variation in HR response was further evident 
in the increased HR occurring in the case of one of the 
umpires (Umpire 4) where the differences (Dj) 
between the event and 15s post-event (Fig 3) were 
smaller than the differences (D2) between 15s and 
3 0 s  post-event (Fig4). However, in all cases the 
change in the HR of the umpires after an appeal could 
not be attributed solely to anxiety. The umpire would 
often have to make a decision and then move into 
position in order to prepare for the next decision, 
such as an appeal for LBW followed by a attempted
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run-out. This physical activity, as well as environmen
tal factors have had an effect on the heart rate.

During one of the internationals Waquar Younis, 
the Pakistani fast bowler, took a hat-trick (three wick
ets in consecutive deliveries). Although the umpire 
was not required to make a decision in any of these 
dismissals as all three batsmen were bowled, an 
increase in the heart rate of the umpire occurred at 
the time of each dismissal (Table V). This could again 
illustrate the psychological component of HR being so 
closely involved in an event that occurred very seldom 
in international cricket.

It is recommended that further studies should 
focus on the H R response of cricket umpires during 
the first-class and Test matches which last for 
between three and five days and that, although it may

Figure 2: The H R response of the umpires to “ Catch 
-out” and “ Catch - not out” decisions at the time of 
the event, 15s post event and 30s post event.

TABLE Y: Heart rate (beats min') of umpire during Waquar 
Younis hat-trick during an International match.

Dismissal 15s post Dismissal 30s post Dismissal
(beats min1) (beats min1) (beats min'1)

1st Dismissal 89 92 91
2nd Dismissal 93 88 90
3rd Dismissal 98 103 106

Figure 3: Differences (Dj) between the HR (bpm) at 
the time of the event and 15s post-event for the 
umpires

Figure 4: Differences (D2) between the HR (bpm) 
from 15s to 30s post-event for the umpires
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be extremely difficult in the match situation, 
attempts should be made to control for other factors 
such as the ingestion of food, postural changes, tem
perature, etc.

In conclusion, it seems that the major finding of 
this study is that the HR response of the umpires to 
on-field events indicate that they are under psycho
logical pressure. Stressful perceptions were related to 
the development of dissatisfaction, burn-out and 
withdrawal in soccer referees18,13 and before a similar 
situation arises in cricket training clinics, which 
include stress management, should be introduced for 
cricket umpires at all levels. Good umpires, like good 
cricketers, are both bom and made through their 
experiences and some umpires are better able to han
dle the situation due to their psychological character
istics which may be a product of years of conditioning. 
Accurate and consistent decision-making, though 
desirable from officials at all times, is in reality diffi
cult to achieve. However, together with regular prac
tice and competition and the correct mental and phys
ical preparation, errors and variability in the perfor
mance of the umpires should be reduced.
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ABSTRACT

Objectives : To assess the choice of surgical repair pro
cedures and post-operative management of the rup
tured Anterior Cruciate Ligament (ACL) in the South 
African Orthopaedic community.
Methods : A  census questionnaire study was conducted 
on all 475 Orthopaedic surgeons registered with the 
Orthopaedic Association of South Africa during 
1993/1994. The Chi-square test was used to deter
mine statistical significance between different groups 
of respondents.
Results : Seventy seven percent of the questionnaires 
were re turn eel. Of the respondents, 77% performed 
ACL reconstructions. The surgeons who described 
themselves as “general” Orthopaedic surgeons were 
more likely to perform less than 1 operation per month 
(p<0.001), to use arthrotomy incisions (p<0.001), to be 
in hospital practice (p<0.001) and not to use accelerat
ed rehabilitation protocols (p<0.001). The majority of 
registrar respondents (85%) use arthrotomy proce
dures for ACL repairs.
Conclusions : Procedures used by Orthopaedic sur
geons who perform ACL reconstructions infrequently 
(one or less than one operation per month), particular
ly those of arthroscopic procedures and post-operative 
rehabilitation, need to be reviewed. A  cause for con
cern is that the registrar population is using tech
niques of ACL repair which have been superceded by 
more modem methods, which are used more frequent
ly in the private sector. This concern can perhaps be 
resolved by involving the private Orthopaedic surgeons 
in Orthopaedic registrar training where deficiencies 
exist.

INTRODUCTION

Since 1919, when Hey Groves described a reconstruc
tion procedure for the ruptured Anterior Cruciate

CORRESPONDENCE:
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Unit
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Boundary Road 
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Tel -2 7  - 21 - 6867330 
Fax -2 7  - 2 1 -  6867530 
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Ligament (ACL) using tensor fascia lata as a replace
ment material,1 there has been continued interest in 
ACL repair and rehabilitation.2,3 In 1963, Jones used 
part of the patellar tendon as a replacement graft.4 A  
modified version of his method, popularised by Clancy 
- the bone-patellar tendon-bone graft - has become the 
replacement material of choice.56 However, post-surgi- 
cal problems with the knee extensor mechanism have 
prompted continued interest in the use of the semi- 
tendinosis, gracilis, iliotibial band or vastus lateralis 
tendons as replacement grafts.7

Research in the last decade has also focused on the 
use of artificial grafts,8 the efficacy of primary repair of 
the damaged ACL,9 and non-surgical management.10 
All these techniques have shown to be less successful 
than the bone-patellar tendon-bone graft described 
above.8,9,10 The advent of arthroscopic procedures 
reduced intra-operative damage to the knee joint cap
sule, removed the need for long term casting, and 
allowed a shorter period of rehabilitation with reduced 
post-operative knee extensor mechanism weakness.2,11 
Although the greater portion of the literature shows 
that arthroscopic procedures produce fewer complica
tions than the arthrotomy type ACL procedures,
11,12,13,14,15 stuclies have reported complications, including 
tension pneumarthrosis and fistula formation, which 
may be directly caused by the arthroscopy procedure 
itself.16,17

Rehabilitation of patients after surgical repair of 
the ACL ligament has also evolved, with studies show
ing the potentially deleterious effects of immobilisa
tion, both on the graft itself and surrounding muscula
ture.13 Later studies showed that early mobilisation 
protocols decreased the side effects of immobilisa
tion,15 and Shelboume and Nitz’s landmark study on 
accelerated rehabilitation,18 though still provoking 
some controversy,19 heralded the way for almost imme
diate mobilisation and full weight bearing after an ACL 
reconstruction. Their protocol, with some amend
ments, has become accepted practice for post-surgical 
rehabilitation of patients undergoing ACL surgery in 
most developed countries.12,20

In 1981, Paulos et al14 questioned fifty American 
Orthopaedic surgeons, and discovered that these sur
geons were rehabilitating their patients to full activity 
faster than was considered appropriate at that time. 
The surgical and rehabilitation practices used by 
South African Orthopaedic surgeons in repairing the 
ruptured ACL have not been quantified. Therefore, the 
aim of this study was to determine, through a ques
tionnaire study, the current ACL reconstruction tech
nique and post-operative rehabilitation protocols used 
by the majority of Orthopaedic surgeons in South 
Africa.
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METHODS

A  census-type questionnaire study was undertaken of 
the Orthopaedic community of Southern Africa dur
ing 1993 /1994 . A  draft copy of the questionnaire was 
sent to an Orthopaedic surgeon, physiotherapist and 
statistician for their comments. In addition, a small 
sample (n=8) of hospital Orthopaedic surgeons com
pleted the questionnaire in a pilot study. 
Problematical questions were identified and adjust
ed. The corrected questionnaire was translated into 
Afrikaans and checked by an Afrikaans-speaking 
Orthopaedic surgeon.

A  questionnaire was sent to each Orthopaedic sur
geon listed with the South African Orthopaedic 
Association. A second questionnaire was sent to those 
Orthopaedic surgeons who did not respond to the 
first mailing, and a third questionnaire to those that 
did not respond to either the first or second mailings. 
This was followed by a short questionnaire which was 
sent to those that did not respond to any of the three 
earlier questionnaires, seeking the reasons for their 
lack of response.

The questionnaire sought answers to the following 
questions: i) personal data, including the type of prac
tice and sub-specialty interest of the Orthopaedic 
surgeon, ii) operative details and surgical techniques 
used by the Orthopaedic surgeon for ACL reconstruc
tions, including the number of operations performed 
per month, choice of graft, and whether augmenta
tion procedures were used, iii) protocols used for 
post-operative rehabilitation, including time of post
operative limb immobilisation, whether continuous 
passive motion and accelerated rehabilitation regi
mens were prescribed, and when the patients were 
referred post-operatively to physiotherapists or bioki- 
neticists, and iv) the Orthopaedic surgeons percep
tions of the use of physiotherapists in the ACL reha
bilitation process.

The Chi-square test was used to determine statis
tical significance between different groups of respon
dents. Statistical significance was accepted when 
p<0.05.

RESULTS 

Respondent Characteristics
Four hundred and seventy five questionnaires were 
distributed using the methods described. Three hun
dred and sixty eight Orthopaedic surgeons responded 
to either of the three questionnaires, or the non
response questionnaire, giving a 77% return. Sixty 
questionnaires (13%) were excluded from analysis 
due to missing or incorrect data. Of the respondents 
who answered the questionnaire correctly, 176  
answered the first sendout, 38 the second, 42 the 
third, and 52 the non-return questionnaire. A large 
portion of non-responders (44%) felt the question
naire was not relevant to their field of interest. Other 
reasons given by the non-responders were that they 
were retired (17%), personal reasons precluded 
response (8%), or that incorrect grammar (2%) or 
incorrect use of language (2%) in the questionnaire 
prevented their response. Fifteen percent of the non
responders indicated that they did not receive any of 
the three questionnaire mailings.

Of the 256 respondents whose answers were used 
in the analysis, 40% were in private practice only, 20% 
in hospital practice only, and 40% in both private and

hospital practices. The highest proportion of the 
respondents practiced in Southern Gauteng 
(Transvaal) (31%), followed by the Northern Gauteng 
(Northern Transvaal) (21%), Western Cape (20%), 
KwaZulu-Natal (14%), Eastern Cape (7%) and Orange 
Free State (7%). The largest proportion of the respon
dents classified themselves as “general” Orthopaedic 
surgeons (41%). The most common sub-specialties in 
which the other Orthopaedic surgeons concentrated 
were the knee (14%), spine (8%), hip (8%) and shoul
der (7%). O f the respondents, 14% were registrar 
members of the Orthopaedic Association of South 
Africa.

Surgical Procedures
Seventy seven percent of the 256 respondents per
formed ACL repairs. Of these, 61 % performed one, or 
less than one, operation per month, 34% performed 
two to five operations per month, and 5% more than 
five operations per month. Table I shows the surgical 
preferences for ACL repair of all respondents. 
Seventy three percent of respondents used either the 
Clancy or modified transpatellar arthrotomy inci
sions, compared to 27% using arthoscopic procedures. 
The large majority of surgeons used autografts (88%) 
to reconstruct the ruptured ACL, with the bone-patel- 
lar tendon-bone graft being the most popular replace
ment material used (79%). Primary repair of the ACL 
was performed by 31% of surgeons. Ninety two per-

TABLE I: Number o f Orthopaedic surgeons (n=256) 
reporting surgical techniques for ACL repair

Incision
Athrotorny - Standard Clancy

Percentage

37
Athrotomy - Modified Transpatellar 36
Athroscopy 27

Primary Repair
Yes 31
No 69

Primary Repair Augmentation
Yes 12
No 19
Do Not Perform Primary Repairs 69

Reconstruction Graft Used
Autograft 88
Allograft 1
Artificial Graft 0
Perform Primary Repair Only 11

Reconstruction Material Used
Bone-patellar Tendon-Bone Graft 79
Semitendinosus Tendon 5
Gracilis Tendon 1
Iliotibial Band 3
Other 1
Perform Primary Repair Only 11

Extra-Articular Graft Augmentation
Yes 39
No 61

SPORTS MEDICINE JULY 1998 25

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
.)



cent of surgeons would manage a ruptured ACL non- 
surgically in certain situations. The main reasons given 
for this option were that the age of the patient (70%) or 
the patient’s level of activity (77%) precluded surgery. 
Twenty percent of these surgeons felt that noil-surgical 
management was the best option routinely, and 6% felt 
that the patient’s gender was important in deciding 
whether to manage an ACL injury non-surgically.

The respondents who performed one or less than 
one ACL repair per month performed a significantly 
higher proportion of arthrotomies than those perform
ing 2 or more ACL repairs per month (p<0.001) (Figure 
1). Respondents in hospital practice performed a sig
nificantly higher proportion of arthrotomies than those 
in private practice (p<0.001 (Figure 2). Similarly, a sig- 
nifiantly higher proportion of repondents who per
formed one, or less than one operation per month were 
in hospital practice compared to those in private prac
tice (p<0.001).

A  highly significant proportion of “knee specialists” 
use arthroscopic procedures for ACL repair (p<0.001) 
(Figure 3). Similarly, “knee specialists” were more 
often in private practice, and a significant proportion 
performed two or more ACL procedures a month com
pared to “general” Orthopaedic surgeons (p<0.001). 
Conversely, a significantly higher proportion of “gener
al” Orthopaedic surgeons performed one or less than 
one ACL repair per month, were in hospital practice 
and used arthrotomy type procedures for ACL repairs 
(p<0.001). A significant proportion of Orthopaedic sur
geons who performed Clancy arthrotomy incisions also 
performed the insubstance primary repair procedure 
(p<0.001).

A higher proportion of registrar respondents per
formed less than one operation per month (p<0.05) 
when compared to qualified Orthopaedic surgeons in 
private and hospital practice. Iviglily five percent of 
these registrars used arthrotomy procedures for ACL 
repairs.
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Figure 1. The relationship between the type o f surgical 
procedures used for A C L  repair (Arthroscopy vs 
Arthrotomy) and the number o f A C L operations 
performed by Orthopaedic surgeons per month 
(P M ). (* *  -p<0.001)

Figure 3. The relationship between the type o f surgical 
procedure used A C L  repair (Arthroscopy vs 
Arthrotomy) and whether the Orthopaedic Surgeons 
were “general” Orthopaedic Surgeons or “knee special
ists” (see text for definitions). (* *  -p<0.001)
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Post-operative ACL Rehabilitation
The majority of respondents (65%) referred their 
patients to a physiotherapist or biokineticist in the 
first post-operative week. Sixty five percent of all 
respondents believed that the lower limb should be 
immobilised after an ACL repair (Table II). Of these, 
29% believe that the limb should be immobilised for 6 
weeks or longer.

TABLE II: Number o f surgeons who immobilise the 
involved limb after ACL repair and the duration of 
immobilisation compared to surgeons who 
mobilise the limb immediately after the repair 
(n=256)

Immobilise 65%) Percent

Duration: 1 week 10
2 weeks 10
3 weeks 5
4 weeks 10
5 weeks 1
6 weeks 27
6 weeks-3 months 2
>3 months 0

Mobilise 35%

Forty nine percent of the respondents allowed their 
patients to use an accelerated rehabilitation protocol, 
although only 23% of them allowed full weightbearing 
on the injured limb in the first week post-operatively. 
Of the 49% of respondents who used the accelerated 
rehabilitation protocols, 35% immobilised the limb for
6 weeks or longer. Of the same surgeons who use accel
erated rehabilitation, 32% allowed weightbearing on 
the damaged limb 4 weeks or longer post-operatively.

Approximately half of the respondents (51%) used 
continuous passive motion post-operatively. The large 
majority of respondents thought that muscular atrophy 
(83%>) and decreased range of motion (66%) were the 
most common post-operative complications caused by 
immobilization.

The surgeons who performed more than five ACL 
repairs per month used accelerated rehabilitation 
more frequently than those who performed one or less 
than one operation per month (p<0.05). Similarly, 
respondents who performed arthroscopic ACL proce
dures used accelerated rehabilitation protocols with 
greater frequency compared to those who performed 
the Clancy arthrotomy procedure (p<0.05).

Finally, although 96% of surgeons used physiother
apists or biokineticists for post-operative ACL rehabil
itation, 13% of all respondents, including the 4% who 
did not use physiotherapists, did not believe that 
physiotherapy treatment speeds up recovery. In addi
tion, 45%o of all surgeons were not sure, or did not 
believe, there was adequate communication between 
Orthopaedic surgeons and physiotherapists during the 
period of rehabilitation.

DISCUSSION

The first important finding of this study was that a 
high proportion of South African hospital Orthopaedic 
Surgeons use Clancy or modified transpatellar arthro
tomy procedures rather than arthroscopic procedures.

This is surprising given that arthroscopic procedures 
have been shown to have fewer complications than 
arthrotomy ACL procedures.211'2'15 20 This can perhaps 
be explained either by the financial constraints in the 
hospital sector, or because these operative techniques 
are the first choice procedures of the respondents for 
reasons not elucidated by the study.

Whichever of these two is the cause, it is clear that 
the large majority of registrar respondents who replied 
to the questionnaire are using arthrotomy procedures 
rather than arthroscopic techniques. It has been sug
gested by Mackenzie22 that, as in the New Zealand sys
tem, registrars spend six months rotation in accredit
ed private Orthopaedic practices as part of their 
Orthopaedic training. In this period they would learn 
more sophisticated surgical techniques such as arthro
scopic procedures. Given the findings of this study, his 
idea would appear to have merit.

When the questionnaires were analyzed according 
to different sub-groups, some tendencies developed. 
Firstly, those surgeons who perform one, or less than 
one, ACL operation per month performed the arthroto- 
my type procedure with significantly higher frequency 
than those surgeons who performed the operation 
more frequently and who were more likely to perform 
the surgery arthroscopically (Figure 1). Typically, sur
geons performing arthrotomics worked in a hospital 
practice (Figure 2), and defined themselves as “gener
al” Orthopaedic surgeons (Figure 3). They also used 
accelerated rehabilitation less frequently than did sur
geons that performed two or more ACL operations a 
month.

In contrast, those Orthopaedic surgeons who per
formed two or more ACL operations per month, and 
particularly those who performed five or more proce
dures a month, used arthroscopic procedures signifi
cantly more often, and were more often in private prac
tice.

This group also defined themselves as “knee spe
cialists” , and prescribed accelerated rehabilitation 
protocols with greater frequency. This perhaps may 
indicate that specialization in a certain sub-specialty 
of Orthopaedic surgery, which allows more frequent 
use of specific operations by an Orthopaedic surgeon, 
may be beneficial in maintaining surgical progress.

The majority of Orthopaedic surgeons in this sur
vey still believe that it is beneficial to immobilise the 
limb for a period post-operatively. A  portion (29%o) of 
the respondents in the study immobilise the limb for
6 weeks or longer, which is contrary to the concepts 
quoted in the literature of the last two decades.15161718 
A  wide variety of accelerated rehabilitation protocols 
were described by the respondents. Some protocols 
were far less aggressive than the prescribed regimen 
with some respondents immobilising the limb for up 
to six weeks. These findings indicate that the inter
pretation of accelerated rehabilitation varied among 
the respondents. This perhaps explains the finding 
that 13% of respondents do not believe physiotherapy 
is of benefit post-operatively. In addition, 45% of 
respondents were not sure, or did not believe, there 
was adequate communication between Orthopaedic 
surgeons and physiotherapists. A  possible reason for 
this lack of communication may be that the requests 
made to physiotherapists by Orthopaedic surgeons 
for certain rehabilitation protocols are based on 
incorrect assumptions, and varied interpretation of 
terminology.

The strengths of this study were that, firstly, a cen
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sus stud)r design was used. This is probably the most 
representative research design available, because it 
canvasses an entire population, and thus no selection 
bias ensues, although a non-response bias is possible 
because persons self-select as respondents in the cen
sus. Secondly, the response rate o f the questionnaire 
was high. Therefore we can accept with a high degree 
o f probability the findings o f  the study as being repre
sentative o f South African Orthopaedic surgeons as a 
whole.

In conclusion, it appears that South African 
Orthopaedic surgeons use the majority o f surgical 
practices o f ACL repair as described in the recent lit
erature. However, the procedures used by 
Orthopaedic surgeons who perform ACL reconstruc
tions infrequently (one or less than one per month), 
particidarlv those o f arthroscopic procedures and post
operative rehabilitation, need to be reviewed. A cause 
for concern is that the registrar population who replied 
to the questionnaire are using tecliniqucs o f ACL 
repair which have been superceded by more modem 
methods, and which are used more frequendy in the 
private sector. This concern can perhaps be resolved 
by involving the private Orthopaedic surgeons in 
Orthopaedic registrar training where deficiencies 
exist.
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