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ABSTRACT

Gee, Tl, Olsen, PD, Berger, NJ, Golby, J, and Thompson, KG.
Strength and conditioning practices in rowing. J Strength Cond
Res 25(3): 668-682, 2011-There is limited published research
on the practices of strength and conditioning (S &C) coaches in
Great Britain. Information about training program design would be
useful in developing models of good practice and ecologically
valid intervention studies. The aim of this research was to quantify
the training practices of coaches responsible for the S&C of
rowing athletes. A questionnaire was developed that consisted of
6 sections: (a) personal details, (b) physical testing, (c) strength
and power development, (d) flexibility development, (e) unique
aspects of the program, and (f) any further relevant comments
regarding the athletes prescribed training program. Twenty-two
rowing and 10 S&C coaches with an average of 10.5 = 7.2 years'
experience agreed to complete the questionnaire. Approximately,
34% coached rowers of Olympic standard, 34% coached
national standard, 3% coached regional standard, 19% coached
club standard, and 10% coached university standard rowers. All
coaches agreed that strength training enhanced rowing perfor-
mance and the majority (74%) indicated that athletes’ strength
trained 2-3 times a week. Almost all coaches (94%) reported
their rowers performed strength training, with 81% using Olympic
lifting, and 91% employing a periodized training model. The clean
(63%]) and squat (27%) were rated the most important prescribed
exercises. Approximately 50% of coaches used plyometrics such
as depth jumps, box drills, and standing jumps. Ninety-four
percent indicated they conducted physical testing on their rowers,
typically assessing cardiovascular endurance (80%), muscular
power {70%), muscular strength (70%), and anaerobic capacity
(57%). This research represents the only published survey to date
on the S&C practices in rowing within Great Britain.

Key WoORDS questionnaire, Great Britain, program design,
testing; training, coaching
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INTRODUCTION
owing is an Olympic sport that is popular
worldwide and is considered one of the most
demanding endurance sports (41). A typical
rowing competition takes place over 2,000-m
rowing course and lasts 5.5-7.0 minutes (27). The dominant
energy contribution in race rowing is from aerobic metab-
olism (31); however, anaerobic qualities such as muscular
strength and power are also seen as important predictive
factors in terms of the overall performance (7). Research has
identified rowing specific strength and power to correlate
well to 2,000-m ergometer performance. For example,
Riechman et al. (39) found that 76% of the variation in
2,000-m rowing ergometer performance time was predicted
by peak power in a 30-second rowing Wingate test, whereas
Secher (42) observed that maximal isometric rowing strength
is significantly higher in international rowers than in both
national and club rowers. In a study by Ingham et al. (23),
international rowers performed 5 maximal rowing strokes.
Maximal power and force produced during the 5 strokes
were highly correlated with 2,000-m ergometer performance
(r = 0.95). Rowing performance has also been found to be
related to lower body strength and power. Battista et al. (1)
reported that varsity rowers possessed higher vertical jumps
than did novice rowers (~3 cm). Russell et al. (41) have
found maximal isokinetic knee extension at 1.05 rad-s~" to be
significantly correlated (= —0.40) with 2,000-m ergometer
time and Yoshiga and Higuchi (57) found 2,000-m ergometer
performance to significantly correlate (»= 0.62) with bilateral
leg extension power in a study of 332 young oarsmen. These
findings suggest that strength and power are essential
physical components in rowing. Indeed the limiting factors
to optimal performance in rowing have been identified as
maximum strength, starting power, and muscular endurance
for medium (2,000 m) to long distances (6,000 m) (46). It has
been shown that rowing performance is highly correlated
with maximal strength and power; therefore, it would seem
appropriate that rowers should concentrate on developing
these qualities (1,23,39,41,42,54). Maximal strength and
power have been shown to be optimally developed by
training with heavy loads and low repetitions per set of an
exercise (4,34). Indeed, McNeely et al. (30) recommend a
resistance training program that focuses on the development
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of maximum strength, with low repetitions and loading
between 85 and 95% of 1 repetition maximum (1RM) being
the most effective for improving rowing performance.
Electromyography (EMG) analysis suggests that the muscle
groups that are used during rowing are active in combination
(56). Therefore, it is recommended that rowers perform
strength training exercises that require the upper and lower
body to work together in a coordinated manner, leading
to whole-body strengthening (40). The Olympic lifts, the
squat, and the deadlift are whole-body exercises requiring
coordinated actions of many muscle groups for their
successful performance (17,20,33), which is why these
exercises have been highlighted as appropriate for rowers
(24,30). Ebben et al. (16) found that an 8-week resistance
training program based around the aforementioned exercises
led to improvements in performance time, total power, and
power per stroke during a 2,000-m rowing ergometer test in
both novice and varsity female university rowers. Despite
these findings, few articles have described or made
recommendations for strength and conditioning (S&C)
practices in rowing. Indeed only 2 guides for S&C pre-
scription and assessment of rowers have been published.
A guide for strength training prescription for the preparatory
training phase in collegiate female rowers has been published
(24). This guide gave recommendations for anatomical
adaptation, maximum strength and power training, fitness
testing, injury prevention, and flexibility development. The
‘maximum strength’ training phase described in this plan
featured 2 sessions a week, and generally 3 sets of 8 repeti-
tions were prescribed per exercise. This phase involved
mainly strength-based exercises such as squats, bench press,
low cable row, step-ups, bent over row, and Romanian
deadlift. However, power-based exercises such as the hang
clean (on day 1) and high pull (on day 2) were also included.
A ‘power’ training phase was also described. This phase
featured 3 workouts a week during which more power-based
exercises were prescribed including the hang clean, dumbbell
push jerk, power shrugs, step up with jump, vertical jumps
with a weighted vest and various explosive medicine ball
exercises. Sets and reps on these power exercises generally
ranged between 3-5 sets and 3-5 repetitions. Some strength-
based exercises were also included within this phase and
generally performed for 2-3 sets of 8 repetitions. McNeely
et al. (30) have published a report documenting recom-
mended strength and power tests and performance goals for
competitive rowers. This report recommended 1RM testing
on the squat, bench pull, and deadlift for assessment of
maximum strength and a 30-second ‘modified Wingate test’
on the rowing ergometer to assess anaerobic power. The
authors also list strength to body weight standards for the
squat, bench pull, and deadlift and power output standards
for the 30-second rowing sprint test that should be achieved
across differing levels of rower. Currently, these articles by
Ivey et al. (24) and McNeely et al. (30) are the only published
research that has given clear guidelines for strength training

prescription for rowing. Clearly, there is a need for a greater
understanding of S&C practices in rowing.

To date, there have been a number of studies that have
focused on the S&C practices of S&C coaches in North
America (12-15,44,48). However, to the author’s knowledge,
there is no research addressing S&C prescription within
rowing or indeed any continuous endurance sport. Infor-
mation related to common trends in exercise prescription for
rowers could act as a useful reference source when designing
training programs and developing ecologically valid inter-
vention studies. The aim of this study was to survey a variety
of training practices of coaches responsible for the S&C
of rowers.

METHODS

Experimental Approach to the Problem

The survey titled ‘Strength and conditioning questionnaire’
was adapted from research by Ebben and Blackard (13). The
adapted questionnaire was pilot tested with an advisory
group of 6 S&C coaches and exercise physiologists. The
survey contained 6 sections: personal details, physical testing,
strength and power development, flexibility development,
unique aspects of the program, and any further relevant
comments regarding the athlete’s prescribed training pro-
gram. The survey was distributed to rowing coaches and
S&C coaches who worked with rowers throughout Great
Britain. Great Britain is presently one of the most successful
rowing nations in the world. In the 2008 Olympics in Beijing
and the 2004 Olympics in Athens, Great Britain finished first
and third, respectively, in the rowing medal table. With the
considerable global success of British rowers, we envisaged
that the data obtained from this survey on S&C practices
would provide a useful reference to be used worldwide by
those involved in the preparation of rowers.

Subjects

Before the initiation of data collection ethical approval was
granted by Teesside University. Mailed surveys were sent with
a self-addressed, stamped envelope, and an introductory letter
describing the project was included with all mailed ques-
tionnaires. A number of coaches were also approached face to
face at their place of work and rowing competitions. Data
were collected between May 2007 and May 2008.

Statistical Analyses

The survey contained fixed-response and open-ended ques-
tions. Answers to open-ended questions were content
analyzed according to methods described by Patton (36)
that have been previously used in other surveys of pro-
fessional sports S&C practices (13-15,44). Investigators were
trained and experienced with qualitative methods of sports
science research and content analysis. For data analysis, each
investigator generated raw result data and higher-order
themes via independent, inductive content analysis and
compared independently generated themes until agreement
was reached at each level of analysis. When higher-order
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themes were developed, deductive analysis was used to
confirm that all raw data themes were represented.

RESULTS

Personal Details

Thirty-two (28 male, 4 female) of 54 (59.3%) coaches
responded to the questionnaire. Twenty-two of the participants
were rowing coaches, and the other 10 were S&C coaches.
Mean age of the participants was 31.7 = 5.8 years. Mean
coaching experience was 10.5 * 72 years. Twenty-five coaches
reported having fellow coaching staff. Examples of fellow staff
given by respondents were “Sports science support team,”
“Work within a coaching team of four, shared responsibilities
for coaching university group,” or with, “World class start
colleagues (coaches of national youth-age rowers)” or as, “Part
of a coaching team of 12 coaches for Olympic squad backed up
two chief coaches” (texts in double quotes are direct quotations
taken from the completed questionnaires). Table 1 provides
a breakdown of the rowing coaches in terms of the highest
level of athlete they had coached.

Formal Education

Eighty-one percent of respondents held a bachelors degree,
and 34% held a masters degree. Ofthose who held a bachelors
or a masters degree, 54 and 82% were in an exercise science or
related field, respectively. One respondent held a postgraduate
certificate in education, whereas 2 held Ph.D.s.

Certification

Rowing Coaches. The most prevalent certifications were those
offered by the Amateur Rowing Association of Great Britain
(n = 6). Three coaches possessed a British Amateur Weight-
lifters Association (BAWLA) qualification. Other qualifications
possessed included: “United Kingdom Coaching Certificate
level 3 rowing coaching,” “United Kingdom Coaching Certi-
ficate level 2 strength and conditioning,” “Australian rowing
level II,” and a “Diploma in sports massage.”

Strength
Coackes. Among S&C coaches, x

the most widely held certifica- f 35
tion was the United Kingdom i
Strength and Conditioning As-
sociation Accreditation (7= 10;
100%). The second most prev-
alent was the National Strength
and Conditioning Association

and  Conditioning

Certified Strength and Condi-
tioning Specialist (#z = 6; 60%).

Number of coaches

28 29
: 25
| 21
‘ 104
Other certifications held by 57 2
respondents (z = 2) included - 0 ] |

TaeLe 1. Highest leve! of athlete worked with by
coaches.

National Regional Club University

Olympic

11 11 1 6 3

and the “USA Weightlifing Award,” “YMCA Fitness
Instructor Award.”

Physical Testing

Thirty respondents indicated they conducted physical testing
on rowers. Coaches were asked, when testing was performed
(Figure 1), what aspects of fitness are tested (Figure 2), and
what specific tests are used. Coaches reported testing an
average of between 4 and 5 aspects of fitness. Coaches
reported testing cardiovascular endurance using the following:
“ergometer tests,” “5 km, 30 minutes, 16 km or rowing
ergometer,” “step test,” “18-km ergometer,” “l-hour test.”
Muscular strength was assessed with either the: “1RM squat,
deadlift, bench pull,” “concept Il dynamometer (world class start
testing protocol),” and “I1RM squat, push-pull, and deadlift,”
Muscular power was determined using “vertical jump and
max Olympic lift,” “max power at 100°s™.,” and “250-m
ergometer,” “ballistic measurement system (BMS) 12 rep
squat and clean,” and “ergometer power strokes.” Muscular
endurance was measured via “ergometer tests and repetition
maximum strength tests,” “inverted rows and supine hold,”
using either the “concept II dynamometer,” or “row perfect
ergometers.” Body composition was assessed using the “sum
of seven skinfolds,” “caliper fat tests,” “skinfolds three site,”
and the “body stat machine.” Flexibility tests included “sit

“American College of Sports
Medicine Health Fitness In-
structor,” “BAWLA Award,” i
“Premier Training Fitness In-

structor and Personal Trainer,” ...
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Figure 1. Times when aspects of athlete fitness are assessed by coaches.
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Figure 2, Variables of athlete fithess tested by coaches.

LY

and reach plus range of motion (ROM) (joint tests),” “stretch
bench tests,” “hamstring measuring,” “movement pattern
tests,” and a “physio assessment protocol.” Speed tests
included “rating tests on water,” “ergometer sprints,” “racing
water and ergometers,” “2,000-m ergo.” Only 3 coaches
reported assessing acceleration using the “dynamometer,”
“cleans, or a squat accelerometer.”

[T

Strength and Power Development

The first question in this section asked coaches, if they
thought strength training benefits rowing performance. All
coaches stated that they believed strength training was of
benefit to rowing performance. Fourteen coaches left com-
ments in relation to this question which included “Increases

TasLE 2. Sets and reps used during in-season programs.

power per stroke, overall strength levels,” “Absolutely, strength
can be transferred into boat speed with correct technique,”
“Improved fiber recruitment, neural activation, ability to exert
force, skill component.” The second question in the strength
and power development section asked coaches whether their
rowers performed strength training. Thirty of 32 coaches
reported that their rowers performed strength training.

In-Season Training

The next subsection within the strength and power develop-
ment section focuses on in-season strength and power
training practices. For the first question in this subsection,
coaches were asked how many days of the week that in-
season strength and power training was performed; 8 coaches

Number of

Higher-order themes responses

Select raw data representing
responses to this question

Sets with reps under 8 specified 11

3-5 sets of 3-6 reps. Work is mainly with lightweight

rower-body mass is therefore an issue thus often
perform low volume of work 4 sets of 4—6. In-season

3-4 X 5 (strength development).

Cycle 3 X 10-12, 3 X 6-8, 3 X 3-5 on 3-6 weekly cycles.
3-5 sets of 5-20 reps. 3-4 sets of 5-12 reps

4 X 30-50 reps-rest 1 min. 4 sets of 8-15
reps. 3 X 15,3 X 10,3 X 8.

Variable. Various.

Sets with large rep range specified 7
Sets with reps 8 and above specified 5

*Miscellaneous 3

*Answers that could not be associated with any of the broad identified themes.
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indicated strength and power training was performed 2 times
per week, 8 coaches reported 2-3 times per week, 8 coaches
reported 3 times per week, 2 coaches indicated 1 time per week,
2 coaches reported 1-2 times per week, 1 coach reported 34
times per week, and 1 coach indicated 4 times per week.

The third question within this subsection asked coaches to
determine the average length of their in-season strength
training sessions. Thirteen coaches indicated that the sessions
lasted between 60 and 75 minutes. Eight coaches reported
that sessions last between 45 and 60 minutes. Four coaches
reported that sessions last 75+ minutes. Three coaches indi-
cated that sessions last 30-45 minutes. Two coaches reported
that sessions last between 45 and 60 or 60 and 75 minutes. The
final question in this subsection asked coaches to indicate the
number of sets and repetitions typically used for strength
training exercises during the in-season. Responses were
content analyzed and resulted in the creation of 4 higher-
order themes, including (a) sets with reps under 8 specified,
(b) sets with large repetition range specified, (c) sets with reps
8 and above specified, (d) miscellaneous. Table 2 lists the
higher-order themes, total number of coaches whose
responses make up the theme, and representative raw data
within each higher-order theme.

Off-Season Training

For the off-season training subsection, coaches were initially
asked the number of days per week the rowers engage in
strength training, Nine coaches indicated strength and power
training was performed 3 d-wk ™. Seven coaches reported 2
d-wk ™. Five coaches reported 4 d-wk™'. Two coaches each
reported 2-3 and 3-4 d-wk™*. One coach reported 1 d-wk™",
and 1 coach reported 2-4 times per week.

The next question addressed the average length of off-season
strength training sessions. Twelve coaches indicated that the
sessions last between 60 and 75 minutes. Five coaches reported
that sessions last between 45 and 60 minutes. Five coaches
reported that sessions last 75+minues. Four coaches indicated

TaBLE 3. Sets and reps used during off-season programs.

sessions last between 30 and 45 minutes. One coach reported
that sessions last 15-30 minutes.

The final question in this subsection asked coaches to
indicate the number of sets and repetitions typically used for
strength training exercises during the off-season. Content
analysis resulted in the creation of 4 higher-order themes,
including (a) sets with reps under 8 specified, (b) sets with large
rep range specified, (c) sets with reps 8 and above specified, (d)
miscellaneous. Table 3 depicts higher-order themes, total
number of coaches’ responses comprising each theme, and
select raw data that are representative of responses.

Program Design

The first question in the program design subsection asked
whether coaches included Olympic style weightlifting
exercises in their prescribed training program. Twenty-six
of 30 coaches indicated that they implemented Olympic style
weightlifting exercises.

The next 4 questions within this subsection were related to
recovery time periods afforded between (a) an Olympic
weightlifting style strength training session (e.g., featuring
clean, snatch, hang clean) and a high-quality rowing session,
(b) a general strength training session (e.g., squat, bench press,
bent over row, shoulder press) and a high-quality rowing
session, (c) an Olympic weightlifting style strength training
session and a competitive rowing race, (d) a general strength
training session and a competitive rowing race. Responses to
these 4 questions are displayed in Table 4.

The sixth question in this subsection asked coaches about
the extent to which they agreed that strength and power
influence 2,000-m rowing performance. Twenty-five coaches
indicated they strongly agreed, whereas 5 coaches reported
they agreed and only one coach indicated they disagreed.

The next question asked the coaches to identify, in order of
importance, the 5 weightlifting training exercises that are
most important in their programs. Results from this question
are listed in Table 5.

Number of

Higher-order themes responses

Select raw data representing
responses to this question

Sets with reps 8 and above specified 8

Sets with large rep range specified 7

Miscellaneous

Sets with reps under 8 specified

3xX20,3X%X 15,3 X 10.3 X 15-20
reps—rest 1 min. 4 X 10-12 (50% max).
Cycle 3 X 10-12, 3 X 6-8, 3 X 3-5 on 3-6 weekly

cycles higher rep cycles in off season. 5 X 10 reps
(early conditioning) 4 X 3 reps (strength phase).
4-5 sets 3—12 reps.

5 X 5 min at controlled stroke rates (14-24 spm).
3-4 sets. Various.

3-4 sets of 3—5 reps. 4-5 sets X 5 reps (strength).
4 sets of 4-6.
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TasLE 5. Coaches rank order of the 5 most important weightlifting exercises within

their training program.

Order of
importance

Exercises
{number of coaches responding)

1

Cleans (19)

Squat (8)

Leg press, tubing around hull shell, front squat (1)

Squat (14)

Clean or clean & jerk (3)

Cleans and snatches, deadlift, hang clean below knee (2)

Bench pull, bench press, core stability exercises,
leg press, lunges or split squat, rowing with lightened
gearing to develop movement speed, snatch (1)

Deadlift, bench pull (7)

Bent over row, leg press (3)

Snatch, squat (2)

Deadlift (elevated to increase range), inverted row,
lunges, front squat, power clean, Romanian deadlift (1)

Bench pull (5)

Bench press, squat, uni lateral exercises (3)

Core stability, leg press, Romanian deadlift (2)

Bent over row, clean, deadlift, elevated deadlift,
hang clean, overhead squat, power snatch,
press-ups and pull-ups (1)

Bench press, bench pull (5)

Pull-up or lateral pull-down (4)

Deadlift (3)

Core, uni lateral exercises (2)

Clean compound, cleans and snatches, pull-up/bench
press, Romanian deadlift or stiff leg deadlift, shoulder
press, snatch, snatch pull (1)

TasLe 6. Determination of training loads.

The seventh question in this sub-
section asked coaches whether
they use periodization to struc-
ture training programs and 29
of 31 coaches indicated that they
used periodization. Coaches’
comments in response to this
question included “Important to
plan training sessions around
competitions to allow athletes
to peak at the right times,” “To
create fine balance between
exercise and recovery, super-
compensation and fatigue,” “Al-
lows for peaking at right time
and recovery to be pro-
grammed,” “To prevent plateaus
in strength & power.”

The final question in this
section enquired how coaches
determined the load (weight)
rowers use during typical
strength training exercises. Re-
sponses were content analyzed
into 5 categories including (a)
RM and max testing, (b) sub-
jectively from the athlete’s and
coach’s experience, (c) acceler-
ometer testing, (d) periodiza-
tion and phase of training, (e)
miscellaneous. Table 6 depicts
these higher-order themes, the
total number of coaches whose

Select raw data representing

responses to this question

Higher-order themes Number of responses

Based on previous 1RM testing. Determination of 3RM,
5RM. Max weight tests.

Knowledge of athlete. By experience—mine and athletes.
Athlete experience and maturity.

Communication between *English Institute of Sport
support staff of athletes. Self determined as a function
of boat speed, faster rowers increase drag
proportionally anyway. Sets and reps.

Accelerometer testing.

Periodization. Depends on phase.

Repetition maximum and max testing 19

Subjective and athlete and 6
coach experience
Miscellaneous 5

Accelerometer testing 2
Periodization and phase of training 2

*The English Institute of Sport (EIS) is a nationwide network of sport science and sports medical support services, funded by the
United Kingdom government to foster the talents of elite athletes within England.
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TasLe 7. Training methods used by coaches for speed development.

Number of
responses

Select raw data representing

Higher-order themes responses to this question

12 (a) Lightened oar length, gearing, (b) training in larger

crew boats (e.g., 2 doubles combine as a quad).

Bursts on water. Racing starts, 100-m sprints on water (10 X 100-m).
Sprinting on the ergometer. 10 to 30-s ergometer. Light ergometer.
Plyometrics and complex training (more for power than pure speed).

Plyometric training. Plyometrics.

70-80% loading, snatches, repeated fast lifting of 5 reps(ish).

Olympic lifts. Mainly strength development as a platform to then

perform more power and speed-strength exercises as space is

Rowing on the water

Ergometer training
Plyometrics

Strength training/weights

limited in where we train.

Circuits/endurance weights
Interval training
Miscellaneous

Endurance weights. Circuit training. Circuits.
Interval training. Intervals.
Power training. Dynamic exercises and less reps.

responses made up the theme, and select raw data within each
higher-order theme.

Speed Development
Nineteen of 32 coaches who responded to the survey reported
incorporating some type of speed development work in their
program. Responses were content analyzed and resulted in
the creation of 7 higher-order themes, including (a) rowing on
the water, (b) ergometer training, (c) plyometrics, (d) strength
training, (e) circuits and endurance weights, (f) interval
training, and (g) miscellaneous.

Table 7 depicts these higher-order themes, the total
number of coaches whose responses made up the theme,
and select raw data within each higher-order theme.

Plyometrics

Sixteen of 32 coaches reported using plyometrics. The second
question asked coaches why they prescribed plyometrics.
Six coaches reported prescribing plyometrics as a means
of improving power. Five coaches reported prescribing
plyometrics to improve speed. Two coaches prescribed
plyometrics to recruit high threshold muscle fibers. Other
responses included “dynamics,” “strength-power work,” and
“dynamic strength development.”

The third question in this section focused on the phases of
the year plyometrics were used. Figure 3 shows responses to
this question. The fourth question determined how coaches
integrated plyometrics into their prescribed training program.
Responses were content analyzed and resulted in the creation
of 5 higher-order themes, including (a) complex and contrast

10 9
w 8
Q
S | 6
g ¢ 5
B 4
B 41
a)
5 2
z 21

0 T T T

Pre-season  Post-season  In-season Pre-training Training camp Year round Other

Training Phase

Figure 3. The phase of training in which coaches prescribed plyometric training:
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TasLe 8. Methods of integration of plyometrics into prescribed training program.

Number of

Higher-order themes responses

Select raw data representing
responses to this question

Complex and contrast training 5
Part of circuit training 3
Add to weights session

After strength training
Miscellaneous

Use in gym sessions in combination with heavy lifting.
Contrast training, in the sessions at beginning

Part of circuit training, no specific sessions at present.
Body weight circuits.

As an exercise in the gym session.

Add to weights session.

At the end of a program of weights.

To supplement ergometer training. Once a week.

training, (b) part of circuit training, (c) add to weights session,
(d) after strength training, (¢) miscellaneous. Table 8 lists
the higher-order themes, total number of coaches whose
responses make up the theme, and representative raw data
within each higher-order theme. The final question in this
section asked the coaches to identify the types of plyometric
exercises regularly used in their program. Results from this
question are shown in Figure 4.

Flexibility Development

Thirty-one of 32 coaches indicated that their rowers perform
some type of flexibility training. All coaches indicated rowers
performed static stretching, 22 reported using dynamic
stretching and 18 indicating proprioceptive neuromuscular
facilitation (PNF) stretching. Five coaches stated rowers

assisted,” “vibration-myofascial,” “myofascial release-foam
roller,” “active isolated,” and “through full ROM in lifting.”

Coaches were asked to indicate when athletes were
encouraged or required to perform flexibility exercises (in
relation to this question practice refers to ‘rowing practice’
and workout refers to ‘strength training workout’), the
duration of a typical flexibility session, and the duration that
athletes were encouraged to hold a static stretch. Results from
these questions are presented in Figures 5-7.

Unique Aspects of the Program

The answers to the question concerning what were the
unique aspects of the prescribed physical conditioning
program were content analyzed into 6 higher-order themes.
These themes included (a) individualize, (b) coaching quality,
(c) variety of training, (d) pre-hab and core, (e) endurance

llllﬁ
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Figure 4. Types of plyometric exercises regularly prescribed by coachés.
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Figure 5. Times when athletes were encouraged or required to perform flexibility exercises.

strength, and (f) miscellaneous. Table 9 lists these higher-
order themes, total number of coaches whose responses
make up each theme, and select representative raw data
supporting each higher-order theme.

The second question of this section enquired what coaches
would like to do differently with their physical conditioning
programs. Responses were content analyzed and resulted in
the creation of 7 higher-order themes, themes included
(a) change emphasis of current program, (b) nothing, (c)
plyometrics, (d) more strength training, (€) circuits and
endurance weights, (f) more rowing and aerobic conditioning,
(g) miscellaneous. Table 10 lists the higher-order themes, total

—
N
1

10

—
o
1

Number of coaches
N
i

0-5 min 5-10 min

Figure 6. Length (minutes} of a typical flexibility session prescribed by coaches.

number of coaches whose responses make up the theme, and
representative raw data within each higher-order theme.

Comments

The final section of the survey allowed coaches the
opportunity to make further comments regarding their
prescribed training program. The responses of the 9 coaches
who filled out this section were content analyzed into 3
higher-order themes: (a) comments of training program
difficulties and limitations, (b) comments of program de-
scription, and (c) miscellaneous.

10-15 min
Length of flexibility session

all

15-20 min 20+ min Miscellaneous
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Figure 7. Amount of time (seconds) coaches encourage rowers to hold-a static stretch.

The higher-order theme ‘comments of training program
difficulties/limitations’ consisted of comments such as
“Many of the rowers (or other athletes) come to me with
big postural issues and a lot cannot perform basic
movement patterns correctly. This often means a lot of

description’ included responses such as “This university
program - is complex and complicated as we cater for;
under 23 world medalists to World Class Start athletes
(Great Britain rowing talent identification program) to
school rowers to complete novices.” The theme of ‘Mis-

cellaneous’ consisted of comments such as “Let’s see how it
goes in Beijing!!” (a reference to the approaching Olympic
Games).

time is wasted in the first year of conditioning having to
correct these faults rather than focusing on improving
performance.” The theme of ‘comments of program

TasLe 9. Unique aspects of coaches prescribed physical conditioning program.

Number of
responses

Select raw data representing
responses to this question

Higher-order
themes

Emphasis on high volume of specific training to maximize technical and
physiological development. Specific distance training on the ergometer,
technical work on the water.

The weight training should mainly be geared to connect the athlete better.
The limbs are strong from rowing training.

Tailoring to anaerobic and aerobic improvement based on individual
performance. That we individually assess each rower then prescribe the
most beneficial mode for him to train to achieve his goals, our programs
are not one size fits all. Personal programs, one to one coaching.

Lifting coaching quality. Use of EIS knowledge. None~what we do is quad
practice, solid and well coached.

Variety of water, ergometer, weights & cross-training. Variety of exercises.
Variety.

Trunk strengthening. Focus on improving the mobility of the T-spine, then
integrating into rotation patterns. Lots of prehabilitation work.

Endurance strength—60 reps with medium weight. 200+ squat jumps, leg
press, bench pulls. Power endurance lifting circuit.

Miscellaneous 8

Individualize

Coaching quality
Variety of training
Prehabilitation and core

Endurance strength
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TasLe 10. What coaches would like to do differently with their physical conditioning programs.

Number of
responses

Higher-order themes

Select raw data representing
responses to this question

Miscellaneous 7

A track. More autonomy to program, chief coaches,

have a lot of decisions. Keep the continuity through
to world championships!!!

Change emphasis of
current program

A much more cross-training based off-season program.
Less volume of ergometers, more flexibility and mobility work.

Add more variety to training.

Nothing
Plyometrics

Nothing at present. Nothing.
Encourage plyometric sessions. Add in more plyometric

based sessions if had space to do so. Have more space!
So we can include more med ball, speed, plyometrics and
get some platforms so we can perform more Olympic
lifting movements.

More strength training

More off-season weights (hypertrophy). More lifting.

As group gets older add in weights for strength and power.

Circuits and endurance weights

More endurance strength weight training. introduce

circuit training for endurance inc core and plyometrics
{not enough time). Resistance circuits.

More rowing and aerobic

More rowing. More aerobic training of medium intensity.

DiscussioN

This is the first comprehensive survey of S&C practices
occurring within rowing. We believe it is also the first
qualitative assessment of coaches’ S&C practices for any sport
within the United Kingdom. A total of 32 coaches responded
to the questionnaire. This is the highest number of ques-
tionnaire responses obtained in a survey describing coaches’
S&C provision to one specific sport. Studies conducted on
practices of S&C coaches, involved with a specific sport, in
Northern America have elicited between 20 and 26 responses
(13-15,44). There have been other surveys involving S&C
coaches that have analyzed a total of 4 sports (47), the total
number of responses for this study was 74, with the largest
proportion being from American Football coaches (7= 23).
Durell et al. (12) conducted a survey of 137 NCAA S&C
coaches; however, analysis was not associated with any
specific sport. The response rate to our survey was lower
than similarly designed studies involving American sports
(68.9-87%) (13-15,44), but this was likely to be because of the
increased follow-up mailings that occurred with these
surveys. We did not perform extensive follow-up mailing of
the survey to nonresponders as the response number (7 = 32)
was deemed sufficient for analysis. In our study, 22 of 32 (69%)
coaches indicated working with either national- or Olympic-
level athletes. Therefore, the data displayed are a reflection of
practices that occur toward the elite end of rowing.

In terms of physical testing, coaches surveyed in this study
tested on average between 4 and 5 aspects of fitness. This is a
greater number of tested aspects than reported in

Major League Baseball (MLB) S&C coaches (3—4 aspects);
however, it is a considerably lower number of aspects than
tested in the National Hockey League (NHL) (7-8 aspects),
NFL (9-10 aspects) and the NBA (7-8 aspects) (13-15,44).
The most commonly assessed aspect of fitness was
cardiovascular endurance, which was assessed by 24 of 30
(80%) coaches. This differs from coaches from the National
Basketball Association (NBA), National Football League
(NFL), and MLB where 60, 46, and 24%, respectively,
assessed cardiovascular endurance (13,15,44). However, the
result is similar to that found among NHL coaches where
78% assessed cardiovascular endurance (14). The likely
reason why cardiovascular endurance is more commonly
assessed by rowing coaches is because the aerobic energy
contribution has been reported to provide 67-86% of total
metabolism during a 2,000-m race (39,42). In contrast, the
North American sports previously studied are more heavily
dependent on anaerobic metabolism (19). Body composition
was shown to be a widely assessed component of fitness by
North American S&C coaches (83-100%) (13-15,44);
however, assessment of body composition was much less
prevalent among rowing coaches (47%). This may appear
somewhat surprising because a low percentage body fat has
been associated with success in lightweight rowing (45), but
no relation has been found to exist between skinfold
thickness and ability in heavyweight rowers (2). In heavy-
weight rowers, a reduced emphasis on the measurement of
body composition is less surprising because body mass is
typically supported by a sliding seat in the boat. Because of
this support, body fat in rowers does not put rowers at the

VOLUME 25 | NUMBER 3 | MARCH 2011 | 679

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Strength and Conditioning

same disadvantage that it would put athletes who carry their
own body weight, for example, runners (32). Because a
positive relationship has been found to exist between body
mass and rowing performance (2,32,42) and the fact that it is
challenging to combine a high muscle mass with leanness
(45), it is may be unsurprising that body composition
assessment is not routinely performed by coaches. A further
reason why body composition is commonly assessed in the
American team sports would be to make anthropometric
comparisons of players in various positions (5,26,35).
Twenty-six of the 30 coaches, 87% who prescribed strength
training, indicated that they implemented Olympic style
weightlifting exercises. This is considerably more than
reported by MLB S&C coaches (14%) but similar to S&C
coaches working in the NFL (88%), NHL (91%), and NBA
(95%) (13-15,44). Olympic weightlifting style strength
training has been found to improve vertical jump perfor-
mance in high-school American football players (8) and
10-m sprint speed in healthy young men (51). In addition,
Olympic weightlifting exercises such as power cleans, hang
cleans, and snatches are recommended for basketball,
baseball, and ice hockey (28,38,50). The clean and the squat
were considered the most important weightlifting exercises
prescribed within rowers training program. The clean and
the squat were also seen as the 2 most important weightlifting
exercises by S&C coaches of the NBA, the NFL, and the
NHL (13,14,44). National Basketball Association and MLB
S&C coaches regarded the squat as the most important
strength exercise and lunges as the second most important
exercise (15). It is not surprising that the clean and squat
exercises are valued across a range of sports because they
have both been found to relate to numerous measures of
sports specific functional performance including sprint and
jump ability (22,37). Biomechanical EMG analysis has
shown that muscle groups are active in combination during
the rowing stroke, and therefore, rowers should perform
whole-body strengthening exercises that involve coordina-
tion between the upper and lower body (40). In addition,
previous published S&C guides for rowing have recom-
mended whole-body strengthening exercises such as cleans,
squats, and deadlifts (24,30). Furthermore, a strength train-
ing program based around these styles of exercises has been
found to improve performance time, total power, and power
per stroke during a 2,000-m rowing ergometer test in both
novice and varsity rowers. Therefore, based on these
findings, it would seem that the majority of the coaches
responding to our survey are correct in their prescription of
suitable strength training exercises for rowers.
Twenty-nine of 30 (97%) coaches reported periodizing
their programs. These data are similar to the practices of NBA
(90%), NHL (91%), and MLB (83%) coaches than NFL (69%)
coaches (13-15,44). Periodized strength training programs
have resulted in greater improvements in strength, power,
and body composition when compared to a linear strength
training program in collegiate American Football players
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(25). A 12-week periodized strength program has resulted in
gains of over 30 and 15% in the squat and bench press,
respectively, in Baseball players (49) With regards to strength
training frequency, the majority of coaches indicated that
rowers perform strength training either 2 (26%) or 3 (33%)
times per week during the off-season and either 2 (27%) or
3 (27%) or 2-3 (27%) times during the in-season. Ivey et al’s
(24) guidelines recommended between 2 and 3 strength and
power training sessions per week. In comparison, strength
training during the in-season and off-season in the NFL,
NHL, MLB, and NBA tends to be performed 2 and 4 d-wk 7,
respectively (13-15,44). During the in-season, the majority of
coaches (11 of 26) reported that they typically prescribed
under 8 reps for strength training exercises. Previously, Ivey
et al. (24) have advised prescription of 3-8 reps on strength
and power exercises for female collegiate rowers, and
McNeely et al. (30) have recommended rowers use low
repetitions and loads of 85-95% of 1RM for strength training
exercises. In support of these recommendations, Ebben et al.
(16) found that a high load and low repetition (5-12 reps)
strength training program resulted in greater improvements
in rowing performance than a high repetition (15-32 reps)
strength training program in female varsity rowers. Further-
more, rowing performance has been shown to be highly
correlated with maximal strength and power (1,23,3941,
42,54). Performance of strength training with high loads and
low repetitions has been shown to be the most effective
means of eliciting gains in maximal strength (4). In light of
these research findings, our survey results suggest that the
majority of coaches prescribe the appropriate loading for
strength exercises for rowers.

Coaches were asked what recovery period they afforded
between strength training sessions (general strength session
and an Olympic weightlifting based session) and a high-
quality rowing training session or a rowing race. Coaches
tended to allow 24 hours between either type of strength
training session specified and a high-quality rowing session.
However, it has been reported that elite rowers train 1,100-
1,200 h-y~!, which is just over 3 h-d™* (18), with 2 training
sessions occurring daily, for 7 d-wk ™! (21). Therefore, periods
of less than 24-hours recovery between strength training and
quality rowing training will occur frequently. Most coaches
allowed over 48 hours of rest between either type of strength
training session specified and a rowing race.

Speed development training was conducted by 26 of 32
(81%) coaches. This is a lower proportion than documented
for NFL (100%), MLB (100%), NBA (100%), and NHL
(96%) athletes (13-15,44). The most popular method of
training for speed development was rowing sprints on
the water. Sixteen of 32 (50%) coaches prescribed plyo-
metrics to rowers. This percentage is considerably lower
than previously reported in NBA coaches (100%), MLB
coaches (95%), NHL coaches (91%), and NFL coaches
(73%) (13-15,44). The lower prevalence of speed devel-
opment and plyometric training for the rowers is perhaps
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not surprising as absolute speed and short-term power
production and anaerobic ability have a greater importance
for the other sports (3,6,52).

All coaches who reported prescribing flexibility training
(97%) reported performing static stretching. This result is
similar to previous studies, for example, all MLB S&C
coaches, 91% of NHL S&C coaches, 85% of NFL S&C
coaches, and 100% of NBA S&C coaches reported using static
stretching (13-15,44). Seventy-one percent of coaches
reported using dynamic stretching, and 58% indicated using
PNF stretching. Prescription of dynamic stretching among
studies of North American coaches ranged from 54 to 90%
and PNF stretching ranged from 68 to 75% (13-15,44).
Flexibility has been associated with a lower incidence of back
pain and injury in rowing (29), a greater pitching velocity
within baseball (47), a reduced incidence of Patellar
tendinopathy in basketball (9), a lower prevalence of
musculo-tendinous strains in American Football (10), and
stretching has been recommended to prevent muscle strains
in ice hockey (11). Therefore, it is not surprising that
prescription of flexibility training is common practice.

From analysis of survey data, several key research findings
emerged. Physical testing was commonly conducted among
coaches with cardiovascular endurance and muscle strength
and power being frequently assessed. For strength training
prescription, Olympic weightlifting was widely practiced, and
almost all coaches employed a periodized training plan.
Twenty-four-hour recovery tended to be afforded between
strength training and rowing training, whereas over 48 hours
was allowed between strength training and racing. Plyomet-
rics were prescribed by half the respondents, whereas rowing
sprints on the water was the most popular method of training
for speed development. Static stretching was prescribed by all
the coaches whose rowers performed flexibility training and
dynamic stretching was found to be more frequently
practiced than PNF stretching.

PRACTICAL APPLICATIONS

This study describes the S&C practices of British-based rowing
coaches and S&C coaches who work with rowers. Because 22
of the 32 (69%) coaches surveyed work with either Olympic or
National standard rowers, coaches now have a source of data
describing S&C practices particularly with respect to the elite
end of the sport. Coaches who work with rowers and or
endurance based sports at all levels can use this review of S&C
practices as a resource to diversify and improve their practices.
Future researchers could use data within this survey to design
experimental protocols examining the effect of current or new
S&C practices on various aspects of rowing performance.
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