Journal of Sports Sciences, 1998, 16, 603± 620

Science and medicine of rowing: A review
ROY J. SHEPHARD *
Faculty of Physical E ducatio n & H ealth and Departm ent of Public H ealth Sciences, Faculty of M edicine, U niversity of
Toronto and H ealth Studies Program m e, B rock U niversity, St. C atherines, O ntar io, C anada

Downloaded by [University of California Santa Cruz] at 18:00 13 October 2012

Accepted 25 July 1997

The biology and m edicine of rowing are brie X y reviewed. E V ort in a 2000-m race is about 70% aerobic. Because
the boat (and in some instances a cox) m ust be propelled, successful competitors are very tall, with a large lean
mass and aerobic power. Large hearts m ay lead to erroneous diagnoses of a cardiomyopathy. Large respiratory
minute volum es must be developed by chest muscles that are also involved in rowing. The vital capacity
is typically large, and breathing becomes entrained. Expiration cannot be slowed relative to inspiration (as
normally occurs at high rates of ventilation) and the lim iting X ow velocity may be reached, with the potential for
airway collapse. Perform ance is strongly related to the power output at the `anaerobic threshold’ , and lactate
measures provide a guide to an appropriate intensity of endurance training. Peak blood lactate levels are higher in
- 1
- 1
- 1
males (commonly 11± 19 mm ol ´ l and occasionally as high as 25 m mol ´ l ) than in fem ales (9± 11 m mol ´ l ),
probably because m ales have a greater muscle mass in relation to blood volum e. The skeletal muscles are
predom inantly slow twitch in type, developing an unusual force and power at low contraction velocities. Many
rowers have a suboptim al diet, eating excessive amounts of fat. Lightweight rowers also have problem s of weight
cycling. Aerobic power and muscle endurance often change by 10% over the season, but such X uctuations can
be largely avoided by a well-designed winter training programm e. Injuries include back and knee problems,
tenosynovitis of the wrist and, since the introduction of large blades, fractures of the costae.
K eywords : aerobic power, biom echanics, body build, e Y ciency, height, injuries, lactate, nutrition, training, vital
capacity.

Introduction
Rowing is not only a m ajor com petitive sport, but also
a form of physical activity that can contribute substantially to both aerobic and m uscular W tness. It
also has a low injury rate (Budgett and Fuller, 1989).
Review s of the associated biology and m edicine (Secher,
1983, 1990, 1992, 1993; Hagerm an, 1984; K ” rner
and Schwanitz, 1985) have com e from only a few
centres. Available inform ation has been grow ing
rapidly, indicating the need for an updated review. T he
present review sum m arizes recent data on body build,
biom echanics, physiological characteristics, nutrition,
training techniques and risks of injury in com petitive
rowers.
There are m ajor diV erences in biological characteristics between rowers, kayakers and canoeists (Sidney
and Shephard, 1973; Sklad et al., 1994); the selection of
rowers em phasizes height, whereas that of the kayakers
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and canoeists emphasizes m uscular developm ent. T his
review is thus restricted speciW cally to rowers. Even
within this narrower category, there are som e diV erences in the biological dem ands of sweep and sculling
boats, and the need for a m assive body build is increased
if the craft carries a cox (Secher, 1990).

Body build
Rowing is a weight-supported sport. N evertheless,
the resistance to forward m ovem ent of the boat is
approxim ately proportional to the 2/3rd power of the
weight of the vessel and its crew m em bers (Secher,
1990). Except in com petitions w ith a speci W c weightlim itation (the lightweight categories, a m axim um body
m ass of 72.5 kg for m ales and 59 kg for fem ales), it is
advantageous to recruit rowers w ith a m assive body
build, thereby ensuring that a high proportion of the
total m ass transported is active m uscle, rather than the
`dead-weight’ of the cox and the vessel itself.
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Various attem pts have been m ade to determ ine the
relationship between body dim ensions, m uscle power
and aerobic power. T heoretical analyses in general have
suggested a relationship to the second power of standing
height (Asm ussen and C hristensen, 1967), or the 2/3rd
power of body m ass (Secher, 1992), but empirical
obser vations over the period of growth have im plied
that aerobic power increases approxim ately as a cubic
function of stature (Shephard et al., 1980). W hether the
relationship is quadratic or cubic, it is an advantage for
the rower to be tall. L ong arm s are particularly helpful
in giving extra leverage (Stein et al., 1983). Ideally, the
body m ass should contain a high proportion of m uscle;
Russo et al. (1992) found a high body density in rowers.
Perhaps because it is diY cult to com bine m uscularity
w ith leanness, a num ber of the team s sam pled have also
carried a substantial am ount of body fat (for exam ple,
16.8% in the m en exam ined by de Pauw and Vrijens,
1971; 11% in m en and 14% in wom en in the series of
H agerm an et al., 1979; 13.6± 29.3% in the elite fem ale
rowers of Pacy et al., 1995; and a m ean of 20.4% in the
m ale M asters athletes studied by K avanagh et al., 1989).
N evertheless, the percentage of body fat seem s to have
been decreasing in recent years. C arter (1982a,b) found
m eans of 7.8% in m en and 15.2% for wom en participating in the M ontreal O lym pics, and M cK enzie
and Rhodes (1982) reported a m ean of 9.6% for the
C anadian O lym pic team .
Secher (1990) assem bled descriptive data on a substantial sam ple of rowers, drawn from 14 laboratories.
In the m en, the FISA cham pions were 10.0% taller and
27.2% heavier than the general Canadian population,
and in wom en the corresponding diV erences were
6.8% and 18.7% (Shephard, 1986). Hirata (1979) also
pointed out that gold m edal winners were consistently
taller and heavier than the average for national
cham pions; in the case of the single sculls, the respective
diV erences were a substantial 0.12 m and 9.6 kg. Khosla
(1983) noted that the heights required for com petitive
success were unlikely to be found am ong Asian, African
and Latin Am erican populations, thus calling into
question the fairness of international com petitions.
Com paring the diV erent classes of boat, H irata
(1979) found that sweep rowers were consistently taller
and heavier than scullers, the diV erence am ounting to
som e 0.02 m and 3.8 kg for m en, and 0.035 m and 3.5
kg for wom en. In com petitions where a cox was carried,
there were further sm all increases in the height and body
m ass of the successful rowers, 0.03 m and 5.0 kg in the
case of m ale pairs (H irata, 1979).
In the series of Secher (1990), the advantage the
`experienced’ m ale rowers had over the general population (5.5% for height and 1.0% for body m ass) was
m uch sm aller than for national and international
com petitors. W illiam s (1976) and H ollings et al. (1989)
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also found few diV erences in the anthropom etric
characteristics of elite and colt athletes in N ew Zealand,
and there were few diV erences in the physical characteristics of the general population and a sm all group of
20-year-old rowers from N orthern Italy (Russo et al.,
1992).
Additional data, m ainly accum ulated since Secher’ s
(1990) review, are sum m arized in Table 1. Carter
(1982a,b) suggested that the body dim ensions of
national level contestants were increasing by about
0.02 m and 5 kg per decade. T he conclusions regarding
elite com petitors have changed little with m ore recent
research, except that the wom en m ay now be a little
heavier. Successive years have nevertheless brought a
progressive im provem ent in row ing speeds, averaging
som e 0.2% per year; this reX ects in part an im provem ent in the design of boats and com petitive courses, the
introduction of big blades (around 1992) and enhanced
training and preparation (Secher, 1973). G iven the lack
of change in body size, it seem s that a m ore rigorous
process of selection has contributed little to this
advance.
In m en, the gap between the size of the national and
the `experienced’ com petitors rem ains (Table 1),
but perhaps because the national com petitors are less
rigorously selected am ong the wom en, they are alm ost
identical w ith the `experienced’ group.
M alina (1994) noted that prom ising rowers were
already taller than the general population during childhood, and that they m aintained their relative advantage
through out adolescence. T he m ost able young rowers
could be distinguished by their height, skeletal robustness and m uscular developm ent (Piotrowski et al.,
1992). W right et al. (1977) pointed out that, based on
the criteria of lean m ass, strength, vital capacity and
aerobic power, junior rowers were som e 10% worse than
their adult counterparts. N evertheless, they argued that
further training rather than continued grow th or better
selection of com petitors would be required to m ake
good this de W cit. In support of this view, Sklad et al.
(1993) found that a year of intensive training increased
arm and chest circum ferences, and relative body m ass,
in 41 m ale and 18 fem ale rowers aged 17± 18 years.
The body build of a previous generation of rowers, as
seen in M asters com petitors (K avanagh et al., 1989;
W iener et al., 1995), is som ewhat less favourable than
the `exp erienced’ categor y of Secher (1990). This is true
in particular in the case of the wom en.
The physical characteristics of lightweight rowers
diV er radically from those of their heavier peers (M ahler
et al., 1984; Burge et al., 1993). Indeed, in m ale com petitors, de Rose et al. (1989) found no diV erences
from student controls. N evertheless, m any com petitors
in this group still have a very high absolute aerobic
power.
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Table 1 M ean height, body m ass and aerobic power of various categories of rowers
(number of observations in parentheses)

C ategory/authors

Height (m )

Body mass
(kg)

VÇ O 2m a x
- 1
(l ´ min )

M en
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FISA cham pions
Secher (1990)
N ational class
Di Pram pero et al . (1971)
W illiam s (1976)
Hirata (1979)
single scull
double scull
four scull
coxless pairs
coxless fours
coxed pairs
coxed fours
coxed eights
M cKenzie and Rhodes (1982)
Danuser and Buhlmann (1983)
Sanderson and M artindale (1986)
Biersteker et al. (1986)
M cCully et al . (1989)
de Rose et al. (1989)*
Secher (1990)
Fischer et al . (1992)
Tittel and Wutscherk (1992)
Hartmann et al. (1993)
Roth et al . (1993)
Peltonen et al. (1995)

Total
E xper ience d
W right et al . (1976)
M ester et al. (1982)
M artindale and Robertson (1984)
Koutedakis and Sharp (1985)
Fukunaga et al . (1986)
Bell et al . (1989)
Brien and M cKenzie (1989)
Poortmans et al . (1990)
Roy et al . (1990)
Secher (1990)
C h Šnier and L Šger (1991)
Russo et al. (1992)
Hanel et al. (1993)
Lakomy and Lakomy (1993)
Lorm es et al . (1993)
Snegovskaya and Viru (1993)
Steinacker et al. (1993a)
C ohen et al . (1995)
Nielsen et al. (1995b)
Oda and M oritani (1995)
Stupnicki et al . (1995)

1.93 (18)

94 (18)

6.1 (41)

1.89 (5)
1.86 (42)

85 (5)
85 (42)

5.0 (5)

1.89
1.86
1.86
1.88
1.88
1.91
1.89
1.89
1.93
1.84

(17)
(28)
(48)
(38)
(59)
(28)
(52)
(91)
(8)
(16)

1.90
1.90
1.91
1.92

(9)
(6)
(65)
(538)

88
83
83
86
88
91
90
88
93
80
85
87
89
90
88
90

(17)
(28)
(48)
(38)
(59)
(28)
(52)
(91)
(8)
(16)
(1)
(9)
(6)
(65)
(545)
(24)

1.93
1.95 (81)
1.92 (16)
1.87 (6)

93 (84)
90 (16)
80 (6)

1.91 (1153)

89 (1178)

1.82
1.88
1.92
1.85
1.74
1.82
1.87
1.79
1.88
1.85
1.78
1.76
1.86

(13)
(10)
(2)
(7)
(5)
(15)
(6)
(12)
(23)
(14)
(7)
(19)
(8)

1.83
1.92
1.92
1.83
1.82
1.79

(6)
(30)
(5)
(17)
(6)
(25)

85
78
88
81
67
78
82
72
83
82
74
70
81
80
73
90
85
74
75
74
91

(13)
(10)
(2)
(7)
(5)
(15)
(6)
(12)
(23)
(16)
(7)
(19)
(8)
(11)
(6)
(30)
(5)
(17)
(6)
(25)
(41)

6.0 (535)

4.8 (13)

3.9 (5)
4.5 (15)

4.7 (30)
4.8 (7)

4.7 (11)

5.6 (41)
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Table 1 (contd)

Body m ass
(kg)

VÇ O 2m a x
(l ´ m in - 1)

Category/authors

Height (m)

Beneke (1995)
Beneke and von Duvillard (1996)
Jensen et al . (1996)
M arriott and Lamb (1996)

1.87
1.89
1.85
1.87

Total

1.84 (287)

81 (341)

Lightweight
M ahler et al. (1984)
Secher (1990)
de Rose et al . (1989)
Burge et al. (1993)
Raymond et al. (1994)

1.83
1.86
1.77
1.82
1.76

72
71
70
73
72

Total

1.84 (179)

71 (179)

5.08 (192)

1.89 (5)

4.6 (5)

1.75 (6)

80
91
84
87
65

Total

1.88 (30)

82 (45)

4.82 (11)

M asters
Kavanagh et al. (1989)

1.80 (38)

81 (38)

3.4 (38)

1.75
1.72
1.75
1.75
1.76
1.77
1.76

(10)
(22)
(36)
(22)
(33)
(65)
(22)

1.73
1.75
1.74
1.71
1.78
1.77

(40)
(187)
(51)
(21)
(6)

69
66
69
69
71
71
68
66
68

4.3 (52)

Junior
Wright et al. (1977)
Sanderson and M artindale (1986)
Steinacker et al . (1993b)
Stupnicki et al. (1995)
Zdanowicz et al . (1993)

(9)
(11)
(28)
(9)

(12)
(130)
(20)
(8)
(9)

1.92 (19)

81
83
79
82

(9)
(11)
(28)
(9)

(12)
(130)
(20)
(8)
(9)

(5)
(1)
(19)
(14)
(6)

5.3 (28)

4.96 (122)

5.1 (147)
4.7 (8)
4.3 (9)

5.0 (6)

Wom en
National class
Hirata (1979)
single scull
double scull
four scull
coxless pairs
coxed fours
coxed eights
Biersteker et al. (1986)
Sanderson and M artindale (1986)
Secher (1990)
Khosla (1983)
de Rose et al . (1989)*
M ahler et al. (1991a)
Vermulst et al . (1991)
Tittel and Wutscherk (1992)
Fischer et al. (1992)
Vervoorn et al. (1992)
Hartmann et al . (1993)
Pacy et al. (1995)

Total

(10)
(22)
(36)
(22)
(33)
(65)
(22)
(1)
(40)

67 (51)
65 (21)
71 (6)

1.78 (6)
1.84 (20)
1.78 (15)

76
71
76
73

1.73 (556)

70 (382)

3.5 (210)

(12)
(6)
(20)
(15)
4.1 (73)
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Table 1 (contd)
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C ategory/authors
E xper ienced
M ester et al. (1982)
C larkson et al. (1984)
M artindale and Robertson (1984)
M ahler et al . (1985)
Sanderson and M artindale (1986)
M ahler et al . (1987)
Szal and Schoene (1989)
M ahler et al . (1991b)
C h Šnier and L Šger (1991)
Bell et al . (1993)
M cCargar et al . (1993)
Kram er et al. (1994)
Hanel et al. (1993)
Lorm es et al . (1993)
Stupnicki et al . (1995)

Height (m )

1.73
1.75
1.71
1.72

(10)
(10)
(2)
(7)

1.74
1.76
1.73
1.72
1.71
1.73
1.77
1.74
1.72

(12)
(9)
(17)
(7)
(20)
(14)
(20)
(4)
(5)

Body mass
(kg)

65
75
65
70
65
71
70
70
64
65
62
73
60
64
77

(10)
(10)
(2)
(7)
(1)
(12)
(9)
(17)
(7)
(20)
(14)
(20)
(4)
(5)
(25)

Total

1.74 (137)

69 (163)

L ightweight
de Rose et al. (1989)

1.68 (13)

58 (13)

Junior
Stupnicki et al . (1995)
M asters
W iener et al. (1995)

VÇ O 2m a x
(l ´ min - 1 )

3.2 (7)
3.2 (12)
3.4 (17)
3.5 (7)
3.1 (20)
3.3 (20)

3.1 (25)
3.23 (108)

73 (15)

1.67 (6)

66 (6)

2.2 (6)

* Apparently identical w ith the series reported by Carter et al. (1982).

As in other form s of weight-categorized sport, there is
a tem ptation for com petitors to achieve their designated
body m ass by techniques m ore com m only discussed in
the context of wrestling (M arquart and Sobal, 1994).
Such practices are undesirable from the point of view
of health, and attem pts at rapid rehydration m ay fail to
restore either aerobic power or m uscle strength.

Biom echanics
T he energy cost of rowing is due largely to the drag and
wind resistance opposing forward m otion of the boat;
this cost is proportional to around the third power of
speed (Secher, 1990, 1993). T here are also sm aller
frictional and gravitational costs associated w ith the
m otion of the body back and forth on the seat of the
boat.
D epending on the skill of the rower, between a
quarter and a third of the energy applied to an oar is lost
in the Xow of water around the blade (AV eld et al.,
1993). Further energy losses are incurred in balancing

the vessel (Wagner et al., 1993). Because drag bears a
power relationship to vessel speed, oscillations of speed
over the rowing cycle are a further source of ineY ciency
(Sanderson and M artindale, 1986). Such oscillations
can be m inim ized by adopting a rapid stroke rate, but
such an adjustm ent is lim ited by the m axim um speed of
m uscle shortening (C elentano et al., 1974).
M easurem ents m ade during actual and sim ulated
row ing (H enry et al., 1995) suggest a relatively high
m echanical eY ciency (typically in the range 16± 24%:
Hagerm an, 1984; F ukunaga et al., 1986; Lisiecki and
Rychlew ski, 1987; Steinacker, 1993). T he W gure is som e
10% greater in an experienced rower than in a novice
(Nelson and W idule, 1983).
K inem atic and electrom yographic studies show that
task learning leads to a longer stroke, a higher stroking
rate, a better sum m ation of joint forces and a m ore
eY cient recover y phase (M arr and StaV ord, 1983).
Com petitive success is strongly inXuenced by the
m ean propulsive power per kilogram of body m ass,
stroke-to-stroke consistency and stroke sm oothness
(Dem ing et al., 1992; Sm ith and Spinks, 1995). N ovices
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also sustain electrom yographic activity longer than
experienced rowers (D aireaux and Pottier, 1983). A
com parison of younger juniors, older juniors and
seniors showed that, at the anaerobic threshold, the
respective power outputs for m ales were 226, 258 and
316 W, and for fem ales 153, 170 and 212 W (Zdanowicz
et al., 1992).
Telem etry has allowed recordings of the acceleration
of the boat and the forces exerted on the oars (Ishiko,
1971). There are surprising variations in m ovem ent
patterns even between top-level com petitors. Paradoxically, the oxygen cost of rowing is proportional to the
2.24th power of speed rather than the third power,
as m ight be predicted from drag force calculations
(L akom y and L akom y, 1993), and changes in the
oxygen content of inspired air have a larger eV ect upon
m axim al oxygen intake than upon rowing perform ance
(Peltonen et al., 1995). O ver the range 37± 41 strokes per
m inute, O lym pic rowers achieve a greater boat speed
at higher stroke rates; there is a greater application of
force during the driving phase of the stroke, and force is
exerted over a greater percentage of the entire stroke
cycle (M artin and Bern W eld, 1980).
Electromyography suggests that m uscle groups are
active in com bination at m ost points during sim ulated
rowing (W ilson et al., 1988). Thus, in addition to
building overall m uscle strength, it is im portant for the
rower to develop an eV ective coordination between
upper and lower body reactions (Rodriguez et al., 1990).
Bom pa et al. (1985, 1990) demonstrated that the
elbow X exors are able to develop a greater m echanical
force if a sem i-prone grip is substituted for the classical
prone grip. M echanical eY ciency can be further
im proved by the use of a larger blade (Sanderson and
M artindale, 1986).

P hysiolog ical characteristics
T he usual 2000-m rowing course demands high levels
of both aerobic power and anaerobic capacity. G ayer
(1994) found that peak power, the lactate threshold
and lean body m ass were the physiological characteristics that provided the best discrim ination between
successful and unsuccessful com petitors. To this list,
K ram er et al. (1994) added com petitive experience and
the coach’ s ranking. Anaerobic eV ort is par ticularly
im portant during the initial spurt, and typically contributes 20± 30% of the energy demand of a 2000-m
race (Secher, 1990). In shorter events, the anaerobic
contribution is proportionately greater.
Physiological issues that have attracted recent attention include m ethods of m easuring aerobic power,
cardiopulm onary function, blood lactate levels, m uscle
strength and W bre characteristics.

Shephard
M ethods of determining aerobic power
M any early determ inations of aerobic power used a
non-sp eciW c m ethodology (for exam ple, uphill treadm ill
running or cycle ergom etry). Som e authors have found
that the peak oxygen intake and blood lactate values are
sim ilar follow ing cycle ergom etry and rowing ergom etry
(e.g. the study of fem ale M asters athletes by W iener
et al., 1995). However, non-speciW c tests are likely
to underestim ate the true m axim al oxygen intake,
especially in elite rowers (Bouckaert et al., 1983). The
overall peak power output of exp erienced com petitors
is often 10± 16% higher in rowing than in cycling, presum ably because row ing involves a larger active m uscle
m ass (Nanshen, 1989; Beneke and von D uvillard,
1996).
T he ideal m ethod of testing is to m easure oxygen
consum ption on the water, using either a D ouglas bag
(Jackson and Secher, 1976; C h Šnier and L Šger, 1991)
or a m odern telem etric oxygen consum ption m onitor
(K awakam i et al., 1992). M easurem ents of rowing can
also be com pleted in a rowing tank (DiPram pero et al.,
1971; H agerm an and L ee, 1971).
Several designs of row ing ergom eter are available. A
kinematic com parison of row ing and rowing ergom etry
(L am b, 1989) dem onstrated som e diV erences in arm
and forearm m ovem ents, because `feathering’ of the
oar is not needed on the ergom eter; nevertheless, the
dom inant m ovem ents of the legs and trunk are sim ilar
for the two types of activity. T here are also diV erences in
internal work and energy exchange between ergom etry
and actual rowing (M artindale and Robertson, 1984),
but row ing ergom eters seem to yield closely sim ilar
aerobic power values to those obtained on the water
(M cKenzie and Rhodes, 1982; Hagerm an, 1984;
M ahler et al., 1984; Ch Šnier and L Šger, 1991; K ram er
et al., 1994). T he heart rate± lactate relationship is
also sim ilar for the two form s of exercise, although
the `anaerobic threshold’ is lower on the water, and
m echanical eY ciency is greater in actual rowing
(Steinacker et al., 1993a).
Jensen and Katch (1991) dem onstrated that, if
subjects lacked rowing experience, the force developed
by the active m uscles could be suY cient to im pede local
blood X ow and thus restrict the subject’ s m easured
aerobic power. T hey redesigned the test protocol for
their hydraulic rowing m achine to ensure lower peak
m uscle forces, and they found that this change led to
a substantial increase in the m easured m axim al oxygen
intake.
W hen m easured in absolute units, the aerobic power
of rowers is high (6.0± 6.6 l ´ m in - 1 ), but this is m ainly an
expression of their body size (Secher, 1983). Because
the body m ass is also large, the relative aerobic power is
not particularly high except in lightweight rowers, when
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values m ay reach 75 m l ´ kg - 1 ´ m in - 1 (H owald, 1988).
G iven the skill requirem ents of rowing, individuals with
very sim ilar levels of m axim al oxygen intake m ay diV er
widely in com petitive perform ance (Steinacker, 1993).
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Cardiovascular function and cardiac function
T he heart of a rower often shows substantial hyper trophy (W ieling et al., 1981; Keul et al., 1982; Jensen
et al., 1984), with increases of internal diam eters
and wall thicknesses. Pellicia et al. (1991) noted that
15 of 16 individuals with dim ensions in the supposedly
pathological range were either rowers or canoeists;
som e 7% of rowers had a left ventricular wall thickness
exceeding the com m only cited norm al lim it of 13 m m .
Both Secher (1993) and CliV ord et al. (1994) suggested that such hypertrophy was a consequence of
what are essentially Valsalva m anoeuvres, repeated with
each row ing stroke. In the study of CliV ord et al. (1994),
the systolic pressure peaked at 192 m m H g, although the
m ean arterial blood pressure showed little increm ent
(rising from 110 to 122 m m Hg during 6 m in of all-out
row ing). Both arterial and central venous pressures
developed large superim posed X uctuations, coincident
with each stroke. Secher (1993) also reported peak
systolic blood pressures of close to 200 m m H g. Kozera
(1993) exam ined the electrocardiogram s of 101 m ale
and 52 fem ale junior rowers. T he m ost com m on
W ndings were sinus bradycardia and left ventricular
hypertrophy; occasionally, there were related disorders
of intraventricular conduction.
Particularly in wom en, the stroke volum e is sm aller
in row ing than in cycle ergom etr y, the values decreasing substantially as m axim al eV or t is approached
(Rosiello et al., 1987). This presum ably reXects
problem s in perfusing m uscles that are contracting at
a large fraction of their m axim al voluntary force, as
discussed above.
The obser vation of a ver y low pH in the gastric
m ucosa of rowers following 30 m in of rowing ergom etry
(Nielsen et al., 1995a) points to m arked splanchnic
hypoperfusion during this form of physical activity.
Pulmon ar y function and pulmonar y dynamics
Rowers som etim es develop a larger negative intrapleural
pressure than is needed to achieve their required tidal
volum e. Biersteker et al. (1986) have suggested that
rowers stabilize their thorax by taking an inspiration at
the catch phase of their stroke. T his action seems
particularly im portant in wom en, and the resulting
increase of lung com pliance and reduction of elastic
recoil predispose to expirator y collapse of the airways.
Very large respiratory m inute volum es m ust be
developed during com petition, typically greater than
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200 l ´ m in - 1 (M cK enzie and Rhodes, 1982) and som etim es as high as 250± 270 l ´ m in - 1 . Selection thus favours
rowers with large total lung and vital capacities
(Donnelly et al., 1991). Since pulm onary distensibility
rem ains norm al, the large static lung volum es seem a
consequence of an increased num ber of alveoli rather
than pulm onary distension. T he im portance of initial
selection is suggested, since intensive training does not
increase total lung capacity or vital capacity once adult
stature has been attained (Danuser and B  hlm ann,
1983).
Peak exp iratory X ow rates reach values of 15 l ´ s - 1
in elite com petitors, but som e of these individuals also
show a plateau in exp iratory X ow rates suggestive of
airway collapse (C arles et al., 1980; de Swiniarski,
1990; Steinacker et al., 1993a). Attainm ent of a plateau
of expiratory air X ow appears to be par ticularly com m on
in fem ale com petitors, possibly because the fem ale body
build requires greater W xation of the thorax during
rowing (Biersteker et al., 1986).
Sm ith et al. (1994) found that, during subm axim al
exercise, the ventilation for a given oxygen consum ption
was sim ilar for row ing, cycling and treadm ill running.
H owever, the m axim al ventilation observed during
rowing was lower than for the other two m odes of
exercise; the diV erence was statistically signiW cant for
average perform ers, but not for elite rowers, suggesting
that the latter group had at least partly overcom e ventilator y lim itations by heavy training.
Entrainm ent of ventilation. Entrainm ent of the ventilator y rhythm is particularly im portant in rowing,
since the respiratory m uscles not only serve the needs of
ventilation, but also stabilize the thorax and assist in the
generation of propulsive forces (Biersteker et al., 1986;
M ahler et al., 1991a). Because of this com plex role,
and associated m echanical changes in the thorax,
breathing rates are higher for a given intensity of subm axim al eV ort during rowing than during cycling (Szal
and Schoene, 1989).
M aclennan et al. (1994) found no reduction in the
oxygen cost of breathing and no reduction in the perceived eV ort of breathing w hen untrained subjects
undertook row ing at an entrained rather than a random ly selected breathing frequency. It rem ains possible
that there are bene W ts to entrainm ent in highly trained
com petitors who develop a m uch higher peak oxygen
intake and thus require a m uch greater respiratory
m inute volum e. M ahler et al. (1991a) found entrainm ent at m axim al eV ort in 7 of 9 elite fem ale rowers
but in only 3 of 10 less experienced rowers. Am ong the
novices, the proportion of individuals showing entrainm ent increased as training developed (M ahler et al.,
1991b). Steinacker et al. (1993a) noted entrainm ent in
all W ve of their m ale subjects. At m oderate intensities
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of eV ort, inspiration accom panied one stroke, and
expiration the next, but as the ventilator y dem and
increased and tidal volum e approached the X at par t of
the com pliance curve, there was a transition to a pattern
of one breath per row ing cycle. Szal and Schoene (1989)
also observed a change in entrainm ent, from 1 : 1 in
the early stages of subm axim al rowing to near 1 : 1.5 as
m axim um eV ort was approached, although in their
series synchronization with the rowing stroke was less
clearly established.
T he rapid rates of exhalation that are required by
rowers predispose to dynam ic com pression of the airway (as discussed above). Unfortunately, the breathing
pattern im posed by the rowing cycle does not perm it
com pensation by a shortening of inspiration and a
lengthening of expiration.
Subjects who are late in m aking the transition to a
higher entrainm ent ratio tend to under-ventilate, w ith
a corresponding drop in arterial oxygen saturation
and a rise in pCO 2 levels (Steinacker and Wodick, 1984;
Szal and Schoene, 1989). Secher (1993) found a 20
m m H g decrease in arterial oxygen tension during allout exercise, although he attributed this to a decrease
in pulm onary diV using capacity rather than an inappropriate choice of breathing frequency.
Pulmonar y di V using capacity. As in a num ber of other
endurance sports, a bout of rowing is com m only
followed by a 10± 20% reduction in pulm onary diV using
capacity (Nielsen et al., 1995b). The disturbance is
accom panied by an increase in residual lung volum e,
and both changes m ay persist for 2± 3 days (Rasm ussen
et al., 1988); Rasm ussen et al. (1988) blam ed a transient
pulm onar y oedem a. H owever, Hanel et al. (1993)
have argued against either pulm onary oedema or a
change in integrity of the pulm onary capillar y wall,
since the phenom enon can be detected after even a m ild
training session (sustained exercise at 61% of m axim al
oxygen intake). Pulm onar y diV using capacity reX ects
both m embrane transfer and pulm onary capillary blood
volum e; H anel et al. (1993) thus suggested that a fall in
central blood volum e m ay be responsible.
Since heavy exercise causes sub-clinical m uscle
traum a, a third theoretical possibility is an excessive
inX am m ator y reaction, with the developm ent of som ething akin to the acute respiratory distress syndrom e.
Against this hypothesis, there are no signiW cant
increases in plasm a levels of endotoxin, interleukin-1- a,
interleukin-8 or tum our necrosis factor- a (N ielsen et al.,
1995b, 1996).
A naerobic metabolism
Sharp and K outedakis (1987) used an arm ergom eter to
assess the anaerobic power and capacity of rowers. The
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blood lactate level of rowers has proved to be of particular interest, both as a guide to an appropriate training
intensity and as a m easure of the peak intensity of eV ort
that is achieved under race conditions. Post-exercise
lactate levels are inX uenced by pre-exercise cortisol
concentrations, suggesting an inX uence of the initial
horm onal m ilieu upon the proportion of anaerobic±
glycolytic m etabolism that is undertaken during exercise
(Stupnicki et al., 1995).
Lactate and training intensity. T he ventilatory and
anaerobic thresholds are som etim es used as guides to an
appropriate intensity of training (e.g. O buchowicz
et al., 1989; Zdanowicz et al., 1993). T he `anaerobic
threshold’ (corresponding to a blood lactate concentration of 4 m m ol ´ l- 1 ) is reached at a power output that
is som e 10% higher than that which allows a full steady
state (Beneke, 1995; Beneke and von D uvillard, 1996).
T he endurance capacity (the power output m easured at
a blood lactate concentration of 4 m m ol ´ l- 1 ) is one of
the better predictors of com petitive success (Wolf and
Roth, 1987).
M easurem ents of the ventilator y and anaerobic
thresholds should be m ade on speciW c apparatus such as
a row ing ergom eter, or preferably during actual row ing.
Bunc and Leso (1993) dem onstrated that, although the
ventilator y threshold was only 75% of m axim al oxygen
intake when highly trained m ale rowers exercised on a
cycle ergom eter, it increased to 85% of m axim al oxygen
intake when sim ilar m easurem ents were m ade on a
rowing ergom eter.
T here m ay also be diV erences between ergom eters.
Lorm es et al. (1993) found higher lactate levels for a
given heart rate on the G jessing than on the C oncept II
rowing ergom eter, possibly because of power losses
in the transm ission system of the G jessing device.
U rhausen et al. (1993) com m ented further that, at
com parable lactate levels, heart rate was on average 10
beats ´ m in - 1 higher on the water than w hen operating a
G jessing ergom eter. T hey thus advocated determ ining
the relationship between heart rate and lactate under
W eld conditions when setting an appropriate intensity of
training.
Steinacker (1993) has cautioned that, if com petitors
are undertaking very high volum es of training (som etim es as m uch as 1000 h per year), even the anaerobic
threshold can prove an excessive intensity of eV ort.
Peak lactate levels. Peak lactate levels should always
be determ ined on well-rested and well-nourished com petitors, since values can be inX uenced by both recent
exercise and glycogen depletion. Row ing perform ance
is inX uenced by the intram uscular rather than the
plasm a lactate concentration; this probably explains
w hy plasm a lactate levels dim inished, but rowing
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ergom eter perform ance was unchanged, when acidosis
was induced by the ingestion of am m onium chloride
(Brien and M cKenzie, 1989).
The peak blood concentrations appear to be substantially higher in m ale com petitors, both adults and
juniors (typically 11± 19 m m ol ´ l- 1 and occasionally as
high as 25 m m ol ´ l- 1: Hagerm an et al., 1978; M cKenzie
and Rhodes, 1982; U rhausen et al., 1986, 1987;
Zdanowicz et al., 1993; Sitkow ski et al., 1994), than in
fem ales (8.6 m m ol ´ l- 1 : Verm ulst et al., 1991; 10.5
m m ol ´ l - 1 : W iener et al., 1995). T he m ain explanation is
likely to be that m en have a larger m uscle m ass relative
to blood volum e than wom en. D iV erences in active
m uscle m ass are also a probable explanation of w hy the
oxyge n de W cit is 36% larger during rowing than during
treadm ill running (Bangsbù et al., 1993). T he peak
lactate concentrations reached by m ale com petitors are
inversely related to the proportion of slow twitch W bres
in the active m uscle groups (Steinacker, 1993).
Lactate clearance following a 2000-m race is faster if
the athlete continues to exercise at 40% of m axim al
oxygen intake than if there is a reversion to total rest or
exercise is continued at 60% of m axim al aerobic power
(Koutedakis and Sharp, 1985).
M uscle strength and W bre characteristics
T he m uscles of well-trained rowers are able to develop
an unusual force and power at low contraction velocities
(Lorm es et al., 1990). In m ale world-class rowers, the
power that is applied to the boat (as calculated from
forward and lateral m ovem ent) averages about 420 W
for a 6-m in event, but m ay be as high as 650± 990 W for
the W rst W ve strokes (Steinacker, 1993). Based on the
peak force recorded by a strain gauge and the corresponding velocity (Hartmann et al., 1993), peak W gures
of 3230 W for m en and 1860 W for wom en have been
registered during the W rst 5± 10 strokes on a G jessing
ergom eter.
The m uscle strength of the rower shows considerable
speciW city. T hus the oarside knee extensors are up to
6% stronger than the corresponding m uscles in the
contralateral lim b (Kram er et al., 1991). The percentage
decline in m uscle force during a sustained contraction
is also less for the trained than for the untrained arm
(O da and M oritani, 1995).
The W bre characteristics of the rower are also highly
speciW c, w ith a greater proportion of fast twitch W bres in
stroke than in bow rowers (Roth et al., 1993). Both fast
and slow tw itch W bres show substantial hypertrophy
in the m ain m uscles that contribute to rowing, but in
m en at least 70% of W bres have slow twitch properties,
the proportion of slow W bres being greater in the m ore
successful com petitors (Steinacker, 1993). Female
rowers apparently have a som ewhat lower proportion of

slow twitch W bres than m en (Clarkson et al., 1984),
although the results for fem ale contestants are older,
and it also rem ains unclear whether this is the result of
a lesser degree of selection am ong wom en com petitors.
The capillary± W bre ratio is high in successful rowers.
Such individuals also have high levels of aerobic
enzym es. T he glycolytic enzym es are not unusually
developed, although both skeletal and cardiac m uscle
show high percentages of the LD H sub-types 1± 3
(H asar t et al., 1988).

Nutrition
As in m any sports, the existing diet of com petitors
points to the need for nutritional advice. Steen et al.
(1995) found that a sam ple of 16 fem ale collegiate
heavyweight rowers repor ted an average daily energy
intake of only 11 M J, as com pared with the estim ated energy usage of 25± 29 M J ´ day - 1 in m ale and
21± 25 M J ´ day - 1 in fem ale com petitors (K ” rner and
Schwanitz, 1985). Even allow ing for som e underreporting, it is clear that these rowers were not eating
enough, possibly in som e instances in attem pts to attain
their weight category. Protein intake was apparently
adequate, but the intake of fat was undesirably high
relative to carbohydrate, and a signi W cant proportion
of the group were taking less than two-thirds of the
recom m ended dietary intake of calcium , zinc and
vitam ins B6 and B12 (Steen et al., 1995). Giam pietro
and Colom bo (1991) also noted an excessive intake of
anim al fat am ong rowers.
If athletes are already taking the recom m ended daily
quantities of m inerals and vitam ins, there seems little
bene W t in providing speciW c vitam in supplem ents
(Telford et al., 1992).
Given the substantial com ponent of anaerobic work,
there have been suggestions that row ing perform ance
m ight be enhanced by boosting m uscle creatine stores,
but any bene W t appears to be quite sm all. Rossiter et al.
(1996) provided creatine supplem ents of 0.25 g ´ kg - 1
on each of 5 days. An average creatine uptake of
3.5 m m ol ´ kg - 1 lean m ass was estim ated, and 16 of 19
experim ental rowers increased their sim ulated 1000-m
perform ance by an average of 1% . W hole-b ody
creatine stores tended to show a signiW cant relationship
with perform ance (r = 0.43; P < 0.088).
Participants in lightweight row ing categories and
those who wish to qualify for the position of cox face
m any of the problem s of `making weight’ that are
encountered in other weight-restricted sports (Clark,
1991). M cC argar et al. (1993) noted that fem ale lightweight rowers showed a 4± 5 kg cycling of body m ass as
they prepared for com petition. T his did not appear to
m odify either basal m etabolism or tri-iodothyronine
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levels. H owever, Burge et al. (1993) docum ented how a
dehydration± rehydration schedule im paired m axim al
rowing perform ance relative to the euhydrated condition. Function was im paired by both the decrease in
plasm a volum e and the reduction in m uscle glycogen
stores.
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Training
D eterm inants of com petitive success include various
psychological attributes such as self-m otivation (Raglin
et al., 1990), an appropriate use of m ental im agery
(Barr and Hall, 1992), technical skills including balance
(M ester et al., 1982), team work (Hardy and K ellyC race, 1991), coordination w ith other crew m embers
(W ing and Woodburn, 1995) and pain tolerance
(W hitm arsh and Alderm an, 1993), in addition to the
physiological characteristics of m uscular endurance
and aerobic power.
A well-designed training program m e seeks to optim ize the biom echanical, physiological and psychological com ponents. N ovices learn the speciW c skills of
m ovem ent tim ing and control of intensity faster if they
are given added visual and acoustic feedback (Gauthier,
1985).
T he physiological characteristics often seem the
m ost im portant determ inants of success. Thus, W right
et al. (1977) found that an objective score based upon
standing height, m uscle strength, vital capacity, aerobic
power and anaerobic endurance closely m atched the
coach’ s assessm ent of rowing perform ance in a team of
junior oarsm en.

Seasonal factors
T he use of appropriate protective clothing can extend
the training season and increase the safety of the rower
w hen conditioning m ust be carried out in cold clim ates
(Schaefer, 1981). N evertheless, clim ate lim its or precludes on-water training for m uch of the year (W right
et al., 1976) in a num ber of countries.
Aerobic perform ance deteriorates substantially if
the weekly row ing distance drops below 100 km
(Steinacker, 1993). K lusiew icz (1993) docum ented
a 7.6% increase in power at the `anaerobic threshold’
during the M arch preparatory phase, and a 6% decline
relative to the initial baseline in N ovem ber, when
com petition had ceased. Likewise, Hagerm an and
Staron (1983) observed seasonal diV erences of 12%
for m axim al oxygen intake and 14% for peak power in
m ale rowers; M ahler et al. (1985) found corresponding
gains of 14% and 18% in collegiate oarswom en. In contrast, the force± velocity curves for the active m uscles
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rem ain constant over the training cycle (de K oning
et al., 1984).
Rowing ergom eters now oV er a relatively speci W c
option for winter training. For tunately, ver y sim ilar back
and leg forces are developed when row ing and when
operating a row ing ergom eter (Lam b, 1989). However,
perhaps because the behaviour on the rowing ergom eter
is stereotyped, noradrenaline levels are higher than
w hen rowing at a sim ilar hear t rate on the water
(U rhausen et al., 1993).
O ne m easure of success of the w inter program m e
is the change that is seen once training on water
is resum ed. W right et al. (1976) found that, when
the land-b ased program m e was well-designed, seasonal Xuctuations were largely avoided, and neither
strength nor aerobic power were augm ented by water
training.
Optimal training plan
Aerobic exercise contributes 70± 80% of the energy
required in a 2000-m com petition, with the rem ainder
being provided by anaerobic m etabolism (Verm ulst
et al., 1991; Steinacker, 1993). Stepwise m ultiple regression indicates that inboard leg strength and the
blood lactate concentration observed after a peak
oxygen intake m easurem ent provide the best prediction of row ing power. Although the m ain basis of
training should be prolonged aerobic activity, it is
im por tant also to develop leg strength and anaerobic
endurance (Jensen et al., 1996).
To avoid over-training, the intensity of the aerobic
eV ort should be regulated by such indicators as the
heart rate± lactate relationship (U rhausen et al., 1993),
serum urea, creatine kinase levels and cortisol± testosterone ratios (Steinacker et al., 1993b).
Sprint training and general athletics training can
m ake up m uch of the rem ainder of the training program m e (Steinacker, 1993). D uring the season, som e
tem po training should be included, although there does
not appear to be any advantage in allocating m ore than
5± 10% of training tim e to this m ode of exercise
(M ichalsky et al., 1988). Weight-training should aim at
strengthening the m ain m uscles used in rowing (Boland
and Hosea, 1994). N eykova and D ontchev (1987)
noted that the sim ple tactic of rowers working in pairs,
using their body weight as a resistance, im proved rowing
perform ance m ore than weight-lifting. Bell et al. (1989)
found no great advantage in adopting a velocity-speci W c
pattern of resistance training.
Gains of strength can be m aintained by as little as
one session of resistance training per week, allowing
the m ain focus of training to becom e the developm ent
of aerobic power in the taper period leading up to com petition (Bell et al., 1993).
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High-altitude training
Because rowers rely heavily upon aerobic eV ort, som e
row ing team s have engaged in high-a ltitude training.
U nfortunately, the low oxygen pressure lim its training,
and gains in perform ance on return to sea level are
questionable (Jensen et al., 1993). Another option is
to sim ulate the hypoxia of altitude in the laborator y.
Hahn et al. (1992) had 8 of their 16 elite rowers breathe
an oxygen± nitrogen m ixture equivalent to an altitude
of 3100 m during 30± 60 m in of rowing ergom etry
each day. T he resulting im provem ents in row ing perform ance were sim ilar to the other eight subjects w ho
breathed room air from m edical gas cylinders.
M onitoring training
Although lactate levels are com m only used to m onitor
the intensity of training, perceptual ratings oV er a m uch
sim pler alternative. M arriott and Lam b (1996) found a
highly consistent relationship between Borg ratio-scale
perceptions of exertion on a rowing ergom eter and heart
rate (r = 0.95). Perhaps because athletes tend to m inim ize perceptions, increm ents of heart rate at a given
rating were substantially greater than the 1 : 10 ratio
found in average adults. W hen the rating of perceived
exertion was used as a m eans of producing an appropriate training heart rate, it was satisfactory, but only at
the higher intensities of eV ort (ratings of 15 and above).
One m ethod of assessing the training response is to
exam ine gains in peak power output or peak aerobic
power (M ahler et al., 1984). N evertheless, Verm ulst
et al. (1991) have suggested that increases in the power
output sustained at a blood lactate of 4 m m ol ´ 1 - 1
provide a better index of the training response.
Snegovskaya and V iru (1993) noted that, as perform ance im proved, rowers showed increased plasm a
levels of both growth horm one and cortisol following
exercise. F ischer et al. (1992) argued that, at least in
m ales, the relative balance of anabolism and catabolism
during training could be assessed from urinary excretion of 17-ketosteroids and 17-hydroxyketosteroids.
O bm inski et al. (1994) suggested that salivary cortisol
levels also provide a valid m ethod of assessing the strain
im posed by a given training session. However, the free
testosterone± cortisol ratio does not appear to be an
adequate indicator of anabolic± catabolic balance in
fem ale elite rowers (Vervoorn et al., 1992).

Risks of injur y and infection
Injur y
Rowing is a very safe sport (Brosh and Jenner, 1988).
Indeed, from the point of view of injury prevention, the
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prim ary aim is to m odify w inter training rather than the
sport itself. Budgett and Fuller (1989) found an injury
rate of 0.4 per 1000 h while on the water, com pared
with 4 per 1000 h during dry-land training. C ohen
et al. (1995) found that row ing enhanced bone m ineral
density in the lum bar spine, but had little eV ect on bone
m ineral content in other regions.
The m ost com m on problem is a back injury, and the
only injury characteristic of rowers is a tenosynovitis of
the extensors of the wrist. Jepsen and Larsen (reported
by Secher, 1990) found that only 40 of 880 rowers
attending the 1987 World C ham pionship were treated
by the m edical services, and only four incidents (all of
extrem e fatigue) were associated w ith the actual racing
events. Boland and H osea (1994) have suggested that
problem s arise from a com bination of poor technique
and fatigue. T hus they are m ore likely to be encountered
in novices than in experienced rowers.
B ack injuries. Trunk m ovem ents in a well-trained
rower range from som e 30 ° of X exion at the `catch’ to
28 ° of extension at the end of the stroke (H osea et al.,
1989). D uring the stroke, the back serves as a braced
cantilever, transm itting a heavy force from the legs to
the oar. The com pression load on the spine rises to
around seven tim es body m ass (H osea et al., 1987).
An electromyographic study by Coquisart et al. (1987)
disproved the hypothesis that speciW c breathing patterns
contributed to the back injuries of rowers. H agerm an
(1984) blam ed such injuries on a m axim al contraction
of the m uscles in the lower back when they were
hyperextended.
The incidence of back problem s varies quite widely
from one report to another. Hagerm an (1984) reported
results of chronic back pain in only 26 of 931 rowers
(2.8% ), w ith a further 11 (1.2% ) com plaining of knee
pain. M ore than a half of the back injuries led to loss
of less than a week of training, but in six cases it was
necessar y to withdraw from rowing for the entire season.
In contrast, Howell (1984) found low back pain in 82%
of lightweight fem ale rowers, com pared with 20± 30% in
the general population. Boland and H osea (1994) found
chronic back problem s in 39 of 180 university-class
rowers, including W ve cases of herniated nucleus pulposus and W ve cases of spondylosis. Budgett and Fuller
(1989) recorded 9 of 69 oarsm en reporting back injuries
on the water, and a further 15 during land training.
Back problem s have apparently becom e m ore prevalent in recent years, possibly ow ing to a longer seat slide
and raised foot position in m odern boats (Stallard,
1980). The problem is undoubtedly exacerbated by
the heavy land-b ased training program m es that are now
adopted.
Preventive m easures include a pre-participation
exam ination for low back problem s (Boland and H osea,
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1991), a strengthening of the surrounding lower abdom inal and paraspinal m uscles, a regular lum bosacral
and ham string stretching program m e (Howell, 1984),
and avoidance of either hyperX exion (Howell, 1984;
Boland and Hosea, 1994) or hyperextension (Stallard,
1980) of the spine. Roy et al. (1990) have developed a
technique for identifying susceptible individuals, based
on the changes in the surface electromyogram induced
by a fatiguing, high force contraction. Therapeutic
m easures follow the usual pattern of the sports m edicine
clinic: non-steroidal anti-inXam m ator y drugs, ice,
heat, ultrasound and transcutaneous electrical ner ve
stim ulation.
Knee injuries. Knee pain has been attributed to
chondrom alacia (C hen et al., 1976), possibly w ith
som e contributions from patellar tendinitis and iliotibial
band syndrom e (Boland and H osea, 1994). The underlying m echanical problem is the repeated X exion and
extension of the knee joint while under heavy loading,
and anatom ical variants such as genu valgum , genu
varum , fem oral anteversion and patellar m alalignm ent
m ay be precipitants.
Budgett and Fuller (1989) observed no knee problem s in their sam ple of 69 rowers, although three of W ve
coxes suV ered knee injuries. Hosea et al. (1989) found
22 cases of chondrom alacia, 15 cases of iliotibial
band syndrom e, 7 cases of patellar tendinitis and 8
m iscellaneous lesions in a sam ple of 180 crew from
H arvard and Rutgers universities.
Individuals with pre-existing knee problem s should
be advised that such conditions m ay be worsened
by rowing. Treatm ent includes tem porary curtailm ent of row ing and anti-inX am m ator y m edication,
w ith stretching and resistance exercises for the
quadriceps.
Tenosynovitis of the wrist extensors. Som e 10% of elite
rowers develop tenosynovitis of the wrist extensor
m uscles. Problem s are apparently m ore prevalent in the
cold weather of the early spring (Boland and Hosea,
1994). The prim ar y cause is probably repeated hyperextension of the w rist when feathering the oar. The
problem com m only subsides spontaneously over 2± 3
weeks, and it does not usually lead to any great loss of
training tim e (Budgett and Fuller, 1989). Preventive
m easures include an im provem ent of feathering technique and m uscle strengthening exercises. Surgical
treatm ent m ay occasionally be required (W illiam s,
1977).
Other problems. Shoulder ailm ents develop occasionally. Boland and H osea (1994) found four cases of
im pingem ent and one anterior shoulder dislocation in
180 university-class rowers. Two of 69 individuals had
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shoulder problem s in the series of Budgett and F uller
(1989).
M cKenzie (1989) described the case of an oarsm an
w ho induced a stress fracture of the ninth rib at the
point of insertion of the serratus anterior m uscle. This
was attributed to a faulty training technique, and the
condition responded favourably to conservative treatm ent. Four sim ilar cases of costal injury in elite fem ale
rowers were described by Holden and Jackson (1985),
and there were eight incidents of stress fracture, four
cases of costochondritis, three cases of strain and one
contusion of the ribs in the series of 180 crew surveyed
by H osea et al. (1989).
Paralysis of the long thoracic nerve can arise due to
an entrapm ent syndrom e associated with heavy action
of the m edial scalene m uscle. D iF ilippo et al. (1989)
described such a case in a m ale rower. T here have also
been occasional incidents of carpal tunnel syndrom e
that appeared to be due to row ing (C ollins et al., 1988).
Finally, problem s can arise from blistered hands,
particularly early in the season. Rowers with tender
skin m ay W nd leather gloves helpful.

Infection
Both cellular and hum oral responses of the im m une
system are m odiW ed by rowing, as w ith other bouts of
vigorous exercise (Nielsen et al., 1996; Shephard, 1997).
H owever, in contrast to m ost other form s of exercise,
the resting lym phocyte count and natural killer cell
activity are increased on the day following a bout of
rowing. Repetitive bouts of rowing (three bouts of
6 m in on each of 2 days) enhance the response to a
single bout of row ing (Nielsen et al., 1996). As in other
sports, excessive training can cause a depression of the
im m une system , w ith an increased susceptibility to
upper respirator y tract infections (Shephard, 1997).
N evertheless, in the case of rowers, the risk does not
seem to be ver y high. O ver a single season, 69 oarsm en
reported a total of 41 illnesses, or 0.6 per person, a
W gure that seems likely to be less than that for the
general population (Budgett and Fuller, 1989).
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