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THE ancient civilizations realized the import-
ance of maintaining and developing brawn, agility
and skill with weapons in their soldiery and young
men and so evolved many sports and pastimes
designed to develop these physical qualities. For
instance, the ancient Greek Olympiad embraced
foot races, the broad jump, throwing the javelin

in the performance of the particular sport. In
contrast, most of our ball games and team games
are of comparatively recent origin and some of
them have not yet undergone sufficient modifica-
tion to reduce the accident rate, for it is well
established that from the Rugby and Association
football fields come the majority of serious
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Ergometer training volume and previous injury
predict back pain in rowing; strategies for injury
prevention and rehabilitation

Fiona Wilson, Conor Gissane,” Alison McGregor

Table 1 Summary of prospective and retrospective studies examining injury in rowers

Severity of
sample injury
Authors Type of study size Participants measured?

Most common

injury site

Factors associated
with injury onset

Deveraux and Prospective survey of 1186 Reaeational athletes Mo

Lachman® dinic attendance, 2 years

Budgett and Fuller”  Retrospective survey of 69 Intemational male Training estimated
all injuries, 1 year. rowers

Reid et al” Retrospective survey of 275 Intemational female No
dinic attendance, 4 yrs oWers

Boland and Hosea®  Retrospective survey of 180 College male rowers Mo
all injuries, 3 years.

Edgar™ Refrospective survey of 44 Intemational junior
dinic attendance, 5 oWers
weeks

Coburn and Retrospective survey of 54 Elite rowers

Wajswelner® dinic attendance, 1 yr

Hickey et af’ Retraspective survey of 172 Elite rawers
dinic attendance, 10 yrs

Parkkari et af® Prospective survey of all General population Classed as ‘partidpation 1.5, 95% Cl
injuries, 1 year time' 061039
Smaljanovic et af* Retrospective survey of Intemational junior Yes 2.1 (training)
all injuries, 1 year rowers
Wilson et al'' Prospective study of all Intemational male Yes 367
injuries, 1 year and female rowers
Winzen et al' Retraspective survey of Elite male and Yes Mot
all injuries, 1 year female rowers measured

Lumbar spine (2.4%
of total)

Lumbar spine (51%)
Lumbar spine (25%)
Knee (25%)

Lumbar spine (30%
of total)

Lumbar spine (45%
of total)

Chest (22.6%)
femnale,

Lumbar spine (25%)
male

Mot reported

Lumbar spine
(32.3%)

Lurbar spine
(31.8% of total)
Lumbar spine (50%
of interviewees)

Not measured

Weight training
Time of year and
weight training

Not measured

Mot reported

Weight training

Time of year

Mot reported

More than 7 training
sessions/week

Ergometer training
load.

Mot reported
(reported as
‘overuse’)




Studies examining back
pain in rowing

e Bahr et al® - 55% of rowers report LBP in 12 months (cf
63% skiing, 49.8% orienteering). Rowers report most
missed training & hospitalisation

e Teitz et al’- 32% report LBP during college rowing

« Ng et al® — point prevalence of 64.5% (males) and 52.8%
(females) in adolescent rowers.

 Newlands et al®~53% report LBP in 12 months
(1.67/1000 hrs) in the only prospective study.
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The lumbar spine is the

ROWING most commonly regorted
) o " site of injury
Low Back Pqirl( 32-51% of
rowers m a
p [ cfwier L mm
/)ef'ro

A History of Ergometer

i Trainin
Back Pain Veluiies

»

Injury Prevention & Rehabilitation

I
- spinal injuries

5 3 ldentify modifiable E'3 Assess rowing
training components technique

Including ergometer workload 'Swing from the hips' when
and session duration. Aim for rowing. Avoid over-flexing the
good trunk muscle endurance. lower back.

Wilson, F, Gissane, C. & McGregor, A. (2014) Ergometer (raining
volume and prevmusrgi;la ry predict back pain in rowing; strategles for
injury prevenhun and ibilitation. British Journal of Sports M

48: 1534-1537




Kinematics

 There Is a growing body of work exploring how
understanding rowing Kinematics can help
prevent injury and enhance performance®23

 Research has been laboratory focused with the
advantage of controlling many variables

« Small amount of research has taken place on
the water allowing a comparison of ergometer
and ‘on water’ kinematics



Authors

Subjects

Study protocol

Findings

McGregor et al 2002

20 male clite rowers

Static Interventional MRI
Sagittal plane analysis
Static

analysis of 4 stroke

phases

1) Rotation of Lsp into flexion at catch

2) Lsp returns to 'neutral’ at finish

3) L.sp held "upright relative to sacrum at catch

Bull & McCregor
2000

6 male elite rowers

Validation of 'Flock of Birds'
against MRI

10 mins rowing at max. effort
sagittal plane analysis

1) Fatigue causes increased posterior pelvic
tilt throughout stroke, particularly in late drive

and finish.

MceGregor et al 2005

12 female

TroOWwWCers

international

Incremental step test
Sagittal plane analysis
Flock ol Birds

1) Anterior pelvic tilt at catch

2) Anterior tilt decreases at higher ratings

3) Posterior pelvic tilt at inish

4) Greater Lsp flexion and extension with
fatigue

5) Relatively less pelvic rotation with fatigue

due to altered lumbopelvic rhythm

Caldwell er al 2003

16 male and female

school rowers

2000 metre test
Sagittal plane analysis
Video analysis of reflective

markers

1) Fatigue caused lumbar flexion to increase at

the catch and mid-drive phase.

Pollock et al 2009

9 female international

Rowers

2000 metre test
Sagittal plane analysis

Motion capture system

1) Pelvic and lumbar segments move from
flexion to extension in 1st phase of stroke
2)Motion of the Lsp is minimal during peak
force production

3) Most movement secen at LL3-51.

MoGregor el al 2007

7 lemale international

Rowers

Incremental step test
Sagittal plane analysis
Flock of Birds

1) 2 yvear training trunk endurance improved
lumbo-pelvic ratio allowing equal amounts of

lumbar and pelvic rotation

Holt et al 2003

13 male elite rowers

1 hour rowing piece

Sagittal plane analysis

Flock of Birds

1) Significant  increase . maxunum  Lsp

flexion and extension with fatigue.

2) Peak force develops significantly later in

drive phase with fatigue.

Mackenzie et al 2008

6 male international

Rowers

1 hour rowing piece
Sagittal plane analysis
Flock of Birds

1) Small increase in Lsp flexion at catch and
extension at finish (not significant)
2) Subtle increase in anterior pelvic rotation at

catch and posterior pelvic rotation at finish

Steer et al 2006

12 male novice rowers

300m rowing piece
Sagittal planc analysis
Flock of Birds

1) Lsp extension greater on Water Rower
2) Less pelvic anterior rotation at catch on

Concept 2 ¢ff Water Rower
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Participants

Instrumentation

Protocol

Data analysis

12 senior male rowers,
Age 23.2 (SD 5.2) yrs,
Mass 79.13 (SD 5.0)kg.

No history of LSp injury in
the previous 6 months.

Over 18 yrs

Spectrotilt RS232
Electronic Inclinometer
connected to a
Biometrics Datalog.
System previously
calibrated noting max
error of 0.5°.

Inclinometer attached to L3,
analysis of frontal plane
motion throughout test.
Incremental step test on

Concept 2 model D
ergometer to volitional
exhaustion.

Blood lactate sampling at
every rest period from
earlobe using a Lactate Pro
portable lactate analyser.

All cycles for first and last
step measured .
Peak to trough = total
frontal plane displacement.
First step test compared
last step of t using a paired
t-test. Alpha was set at P<
0.05.

Linear regression analysis
of relationship between
BLa and displacement.
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All subjects completed 7 steps of the test.


P=0.000014).

ane angular displacement (zSD) during the time periods of the test.
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displacement Explained variation in frontal plane
(P=0.001). angular displacement at L3 from lactate
scores during the step test.

Regressi sis of predictor variables



Presenter
Presentation Notes
A regression of lactate against displacement in each of the seven time periods showed that lactate levels accounted for between 0.2% and 21.5% of the variation in spinal displacement at any given stage of the step test


Frontal plane behaves like sagittal plane (previous data).

Both frontal and sagittal plane reach high range of motion. Mean
angular displacement varied from 4.6° (15t step) to 8.7° (last step).

Implications for high ROM and injury.

Motion increased during rowing test which may be due to fatigue
and/or increasing stroke rate.

High stroke rate combined with fatigue may increase risk of injury.



Thus, a significant increase in frontal plane motion at L3 during
Incremental test.

Increase in Bla was associated with the increased L3 motion,
Increase

Increased stroke rate associated with increased L3 motion

Thus, considerable motion in frontal plane during rowing and
should be considered as a factor for injury

Side flexion (frontal plane) combined with lumbar flexion
(sagittal plane) with the addition of loading has been observed to
be a risk factor for low back pain.
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- 100sboat | 100sC2 | 300sboat | 300sC2 | 500 boat m

Average
displacement
(degrees)

Table 3.3: Comparison of mean frontal angular displacement values for ergometer

(C2) and boat rowing.




_39 Om g tal plane)
meast C_ USing| e flexiblerEGV
Sar atlOHz)
EGM placed over
(segment rr JJ"_)" . i"r'z;ll
motlon) _

Full s{a er]r 3 joRWas

‘me asur

Incremental stepitest
IHeart rate: recordedioneach
Step thenrepeatedinrasculling
oAt :JrU iecoraediFRe




Boat data
Ergometer data

ement angle (degs)

ispl

Time (1/10 secs)

magnification of mation
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(degrees)

Angle change

Mean angle Mean Mean angular

change i mism displacement Mean minimusm

{P=0.38] angle change {P=0.03} angle change
4 ' : {P=0.04} |P=0.08}

Mean maximum angle

Figure 6.3: Chart to show the differences in mean lumbar spine sagitial angle

between ergometer and boat rowing (with SD).




Explanation?

Kleshnev (2003)?* showed that the foot stretcher force develops much
earlier on the ergometer as a result of higher inertia forces which the rower
has to overcome to change direction of body mass movement, and the
handle force on the ergometer has a higher peak and develops later.

Kleshnev, (2005)2°> showed that rowers have a 3-5% longer stroke on an
ergometer because of an 8-10% longer leg drive.

Lamb, (1989)2° showed that the leverage of pull on the oar is greater for
ergometer rowing than for water rowing.

Thus a greater increase in lumbar flexion is seen in ergometer rowing as a
result of greater

Repetitive cyclic flexion combined with loading of the lumbar spine, has
been recognised in a number of studies to increase risk of lumbar spine
Injuny 2 31
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L In vivo (live person) loads on L3-4 disc. Standing=100
A \ From: Nachemson, A. L.: The lumbar spine, an orthopaedic challenge. Spine 1:59, 1976







Lifting weights from the ground requires the LSp to be flexed by 70-80% of full standing flexion
(toe touching) generating substantial tension in non-contractile tissues of the back’38.

Mean intradiscal pressure at (L4/5) of 2.30MPa when lifting a 20kg weight with a ‘bent over round
back’ and a pressure of 0.83MPa when sitting with maximum lumbar flexion3?, horizontal
intradiscal pressure in sitting at L4/5 as 1133kPa%°.

Rowers achieve such high levels of sagittal flexion - then combined with loading which correlates
with work place studies which have cited both of these factors as risk for low back injury#t
Individually, these factors increase injury risk, but when combined as in this case, risk is increased
further.

A number of studies have found that the combination of flexion and ‘twisting’, combined with
loading was a specific risk factor for onset of low back paint-43

Repeated cyclical loading has been noted as a risk factor for lumbar spine injury in a number of
previous studies*-4°

Cyclical loading induces ‘creep’ in the tissues allowing an increase in initial range of motion and
may increase risk of injury in a number of ways6

Creep induced in the viscoelastic tissues of the spine desensitises the mechanoreceptors causing
decreased muscle activity, instability and injury even before muscle fatigue of sets in’.

Reflexive muscular stabilising forces in the lumbar muscles are compromised increasing risk of
injury.



The Phenomenon of ‘creep’

Fatigue in the lumbar extensor muscles allows the increase in lumbar flexion with an associated
increased bending moment which increases injury risk*/-48

Sanchez-Zuriaga et al.,*® suggests that tissue creep rather than muscle fatigue impairs
sensorimotor control mechanisms.

Repeated loaded cyclical flexion compromises neuromuscular control (leading to increased injury
risk) has been confirmed in a number of studies*°->1

Creep behaviour further cause specific damage to lumbar tissues, most notably intervertebral
disc®2°3 but also vertebral bodies and endplates® and facet joint capsule®

Prolonged cyclical loading of the lumbar spine in flexion/extension not only elicits creep but also
causes significant increases in cytokines expression, causing acute inflammation for several
hours after the activity>'>®

If the inflamed lumbar spine is continued to be exposed to repetitive loading on a daily basis this
may lead to ‘conversion to chronic inflammation, degeneration of the viscoelastic tissues into
fibrous non-functional tissue and the associated mechanical and neuromuscular disorders and
loss of function®.

Elite rowers frequently row on a daily basis which means that the loading described above is
indeed regular and sustained; this may help to explain the high incidence of lumbar spine injury in
this group:



Specificity of tissue damage

Annulus and nucleus work together to sustain compressive loads38 - increased
compressive load on the neural arch is caused by long term ‘creep’ loading

High anterior disc compressive force is noted in high ranges of flexion®>’

Repeated cyclical loading and high levels of spinal flexion exhibited by rowers have
been shown to cause lumbar

Compression forces noted in the rowers LSp - comparable to those seen during lifting
which can cause

Lumbar ligaments - primary role to resist separation at end range. Thus likely that
high tensile forces and resulting that
resist frontal and sagittal motion in the LSp in rowers.

Facet capsules, posterior longitudinal ligaments and posterior annulus contribute
more than 3/4 of resistance to lumbar flexion.
may become chronic®?,

Due to impairment of sensorimotor control mechanisms - reflexive activation of
multifidi and longissimus muscles is decreased during repetitive motion - likely that
rowers suffer associated of the underlying spine.

Rowers are at risk of sustaining damage to a variety of structures of the lumbar spine,
notably the
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Sculling titans "9)

Words: Christopher Dodd
Photographs: Rob Bristow

We can see how different the contours of the back in
these two great scullers (Rob Waddell in the foreground and
Mahe Drysdale in the background). When we draw the con-
tour lines, scale and overlap them, the difference 1s obvious:
Mahe has a straighter lower back and more curvature in the
chest, where as Rob has the opposite.
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Importance of intra-abdominal
pressure

« Valsalva manoevre -——
adopted as a reflex to
Increases intradiscal
pressure, protects spine
and may prevent hinging ) y
or buckling

e Varies widely between
Individuals













Rehabilitation

» Modern rehabilitation of low back pain has placed particular emphasis on co —
contraction of the trunk muscles, particularly using protocols such as Pilates
type exercise.

» The findings of research suggest that during peak force generation, such co—
contraction does not exist and the extensor muscles dominate.

* Rowers may be using inappropriate rehabilitation protocols.

» Traditional ‘core stability’ programmes, with their emphasis on co-contraction
are included in most rowers’ training

» Research suggests that more emphasis should be placed on training the
spinal extensors as well as training eccentric action of the flexors.



Rehabilitation
Range of motion/flexibility

Emphasis on hip
range — particularly
bilateral

Ability to dissociate
hip from lumbar
motion

Hip/knee ankle
complex

Asymmetries
Important?




Rehabilitation
Range of motion/flexibility

e Spinal motion

 Emphasis on thoracic
iy kyphosis

* Very individual
™~ . Consider response to
- fatigue
e Underlying systemic
disorder?




Jowrnal of Sports Scences, 2015
Vol. 33, No. 10, 1058-1066, hrp:/dx dod.org/10.1080/02640414. 2014. 984240

Kinematic and EMG activities during front and back squat variations in
maximum loads

HASAN ULAS YAVUZ', DENIZ ERDAG?, ARIF MITHAT AMCA® & SERDAR ARITAN

1 Sports Medicine, Near East University Haspital, Nicosiz, Cypris, 2School of Physical Education and Sports, Near East
University, Nicasia, Gyprus and *Faculty of Sports Sciences, Hacettepe University, Ankara, Turkey

(Accepred 1 November 2014)

Abstract
The aim of this study was to compare the musculature activity and kinematics of knee and hip joints during front and back
zquat with maximal loading. Two-dimensional kinematical data were collected and elecromyographic activities of vastus
lareraliz, vastus medialie, recruz femoris, semitendinosus, biceps femorie, ghiteus maximme and erector spinae were
mcasumd while participant 12, 21.2 = 1.9 years old) were completing front and back squat exercises with maximum
loading. Paired sample r-test was used for ccmpamns between two techniques. Resulis showed that the elecromyographic
acn\uti' crf vastus nrd.m.hs was found to be greater in the front squat compared to the back squat during the ascending phase
4.17) and the whole manoeuvre (P < 0.05, 4 41; 05% CI, —12.8/~-0.43), while
% 1, 0.62/20.59) clirtmmitsmp]:nc actvity was grearer in tl:l: back squat du.n.u,g
the scending phase. Ccmpmd tn the front squat vemion, back squar exhibited significantdy greater wunk lean, with no
differences occurring in the knee joint kinemarics throughout the movement. Results may suggest that the front squat may
be preferred to the back squat for knee extensor development and for preventng possible nmbar injuries during maximum
loading.

Keywoards: srength rraining, elecrronmagrapiy, bionechanics, nwo-dimensional, maxival bading
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1 Meurochemistry
Stress reactivity
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Genetic vulnerability [
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Initial Diagnosis of Lumbar Disc Herniation Is
Associated with a Delay in Diagnosis of Ankylosing
Spondylitis
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KEEP
CALM
I'M A
PHYSIOTHERAPIST




Risk factors

Hip joint ROM — influences spino-pelvic kinematics

Labral, CAM lesions, FAl

General hypo or hypermobility

Dysfunctional movement patterns

Males — poor hip flexion

Females — poor trunk strength or hypermobility
Weather (wind)

Time of season

Sudden increased training load

Technical problems (boat off balance, rigging)
Recovery period between water and gym
Previousiinjury

Delayed recognition

Mixed messages from support staff



char .J
Lumbop
complex




Early management

Analgesia, NSAID’s
where appropriate

Investigations?

* Do no harm —
training attenuation

Normal movement
Proprioceptive taping
ISsometrics

Emphasis on non-
generic, individual Rx

Assess for red/yellow
flags

Reassure that not normal
to have pain
Education/mindfulness/
cognitive input
Determine

mechanical/cognitive/stru
ctural emphasis



Imaging and Disability of the Back » Jarvik etal 1161
Table 6. Imaging Findings [No. (%J] Versus Age Group

. o .
e Group Table 4. Prevalence [no. (%)) of Imaging Findings by Lumbar Spine Level

By By ¢ Lumbar Spine Level Overal*

Imaging Finding <Byin=3) (=58 Mn=137 Gyrin =29 Statistic*  Z-sided P Adjusted ORt (9% CI) maging Finding ) 113 105 1551 it Pristinet

Disc degeneration um (% 32191 2100 -335 =00 113(1.04,1.23) Dt degeneration 857 ) wiE) ) e B
Desiccation (moderate or severe) 0165 2019 i) 29(100) -4 <0 1.12(1.05,1.20) Desiccation (moderate or severe) o 539 ) () BE) 98
Loss of disc height 13182 (51 23 (66) 20(69) -156 o 1.06(1.02,1.10) Loss of disc heignt 71 1810 nm u) B 5 N[5
Buige 14{85) 3 (64) 73 (66) 24(83) -355 <00 1.08(1.03,113)
Protrusion 92 18(34) 11131 10(35) - 09 1.01(097,1.08)
Extrusion o) 6(11) 208 103) 0.1 073 1.01(092,1.10)

1

1

1

1

1

Buige w8 B0 0(7) MET BB 69
Frotrusion 30 gl 1812 e T 1/ 1

Nerve root compromise o) w1y 20 08 0y 1mE%a) Exsion " o @ 56) 0 58

Annula tesr ney wp uen W) 0 0N 0%0%10 e oL ComprOnsE 2}3} ?:g% ) zéﬂh 33% 52% 435351

Endplate changes 6(4) §(6) 14{10) 19{13) k1] un)
- . . Stenosis (moderate or severe) 0{0) 4(3) fi(4) 13 15(10)8 T8
Facet it degeneraion o LN L Facet degeneration noderste orseverdl 001 30 T TR 111
(moderate or severs)
Spondylolisthesis 2(6) 509 9(28) 10(35) -1 <00 1.09(1.03,1.15) * Presant at ona or mora lavals.
- TAl 'Lbiumg in cohert

anida g3 tas $ Those s with modified Roland = 0; pain frequency score = 4; pain botharsomanass score = 4 in = 106).
+ Adjustad odds rati ic: ragrassion : =a + fAge + BiGender JEace + B,Smoking + PoHeight + BcWaight + B,BMI + BoPast pain, iy tast P< 005,

Endplate changes 18 90 15143) 14{48) -500 =00 113(1.07,1.19)
Stenosis {moderate or severe) H| 316 4 fi(21) - i1} 109102, 1.16)




Prognostic indicators

Previous history may ¢ Fixed structural deficit

Indicate course In kinetic chain (e.qg.
Catastrophic onset congenital limitation
associated with of hip ROM)

DOOrer prognosis » See risk factors

Radicular pain —
Doorer prognosis

nflammatory
component
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In summary

Factors associated with onset of LBP in
rowers are history of previous injury and
ergometer training volume.

Lumbopelvic motion should be considered
when analyzing trunk movement in rowing.
Excessive use of lumbar flexion and
extension without accompanying pelvic
tilting may lead to increased lumbar spine
loading.

Rowing training and rehabilitation needs to
consider endurance of the trunk muscles to
facilitate good lumbopelvic rhythm. Factors
such as fatigue, rowing intensity and skill
level will also influence trunk control.

Hip ROM and lower kinetic chain flexibility
will influence lumbar loading

A non-generic approach is optimal with a
consideration of the complexities of LBP
presentation
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A History of
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The lumbar spine is the
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site of injury
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FOWers i a

12 month meemm
perio) NG

Ergometer
Training
Velumes
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Wilson, F, Gissane, C. & McGregor, A (2014) Ergomeler training
volume and previous

3

1537

rowing, srategies for
mMmmmmmm

. post ACL reconstruction

November 2014 Volume 48 No 21 2 n
B] / .
- — 3

BASEIVI Issue \

| Focus on rowing

Return to sport

Physical activity Rx

Edltors‘ Ftona Wilson (PhD, MISCP)
Eleanor T”Hett (MBBS FFSEM) .




10.

11.

12.

13.

References

Lloyd K (1958) Some Hazards of athletic exercise. Proceedings of the Royal Society of Medicine. 52: 151-157

Hoy D, March L, Brooks P et al (2014) The global burden of low back pain: estimates from the Global Burden of
Disease 2010 study. Annals of Rheumatic Diseases. 73: 968-974

Jacob T (2006) Low back pain incident episodes: a community based study. The Spine Journal. 6(3): 306-310

Papageurgiou A, Croft PR, Thomas E, Jayson M, Silman A (1996) Influence of previous pain experience on the
episode incidence of low back pain: results from the South Manchester Back Pain Study. Pain. 66(2-3): 181-
185.

Wilson F, Gissane C, McGregor A (2014) Ergometer training volume and previous injury predict back pain in
rowing; strategies for injury prevention and rehabilitation. British Journal of Sports Medicine. 48: 1534-1537
Bahr R, Andersen S, Loken S et al (2004) Low back pain among endurance athletes with and without specific
back loading — a cross-sectional survey of cross-country skiers, rowers, orienteers and nonathletic controls.
Spine. 29:449-454

Teitz C, O’Kane J, Lind B (2003) Back pain in former intercollegiate rowers. American Journal of Sports
Medicine. 30: 674-679

Ng L, Perich D, Burnett A et al (2014) Self reported prevalence, pain intensity and risk factors for low back pain
in adolescent rowers. Journal of Science and Medicine in Sport. 17: 266-270

Newlands C, Reid D, Parmar P (2015) The prevalence, incidence and severity of low back pain among
international level rowers. British Journal of Sports Medicine. Doi: 10.1126/bjsports-2014-093889

Bull A, McGregor A (2000) Measuring spinal motion in rowers; the use of an electromagnetic device. Clinical
Biomechanics, 15: 72-76

Holt P, Bull A, Cashman P et al (2003) Kinematics of spinal motion during prolonged rowing. International
Journal of Sports Medicine 24: 597-602

Buckeridge E, Hislop S, Bull A et al (2012) Kinematic asymmetries of the lower limbs during ergometer rowing.
Medicine and Science in Sports and Exercise, 44: 2147-2153

Wilson F, Gissane C, Gormley J et al (2013) Sagittal plane motion of the lumbar spine during ergometer and
single scull rowing. Sports Biomechanics, 12: 132-142



14.

15.

16.

L4

18.

19.

20.

21.

22.

23.

24.
25.
26.

27.

28.

McGregor A, Bull A, Byng-Maddick R (2004) A comparison of rowing technique at different stroke rates; a
description of sequencing, force production and kinematics. International Journal of Sports Medicine, 25: 465-
470

McGregor A, Pantakar Z, Bull A (2005) Spinal kinematics in elite oarswomen during a routine physiological
‘step test’. Medicine and Science in Sports and Exercise, 37: 1014-1020

McGregor A, Anderton L, Gedroyc W (2002) The assessment of intersegmental motion and pelvic tilt in elite
oarsmen Medicine and Science in Sports and Exercise 34: 1143-1149

Wilson F, Gormley J, Gissane C, et al (2012) The effect of rowing to exhaustion on frontal plane angular
changes in the lumbar spine of elite rowers, Journal of Sports Sciences, 30: 481-489

O’Sullivan F, O’Sullivan J, Bull A et al (2003) Modeling multivariate biomechanical measurements of the spine
during a rowing exercise Clinical Biomechanics, 18: 488-493

Caldwell, J., McNair, P., WILLIAMS, M.(2003). The effects of repetitive motion on lumbar flexion and erector
spinae muscle activity in rowers. Clinical Biomechanics, 18, 704-711.

Pollock, C. L., Jenkyn, T., Jones, |, lvanova, et al. (2009). Electromyography and Kinematics of the Trunk during
Rowing in Elite Female Rowers. Medicine and Science in Sports and Exercise, 41, 628-636.

MCGregor, A., Pantakar, Z. Bull, A. (2007). Longitudinal changes in the spinal kinematics of oarswomen
during step testing. Journal of Sports Science and Medicine, 6, 29-35.

Mackenzie, H., Bull, A. McGregor A. (2008). Changes in rowing technigue over a routine one hour low intensity
high volume training session. Journal of Sports Science and Medicine, 7, 486-491.

Steer R., McGregor A, Bull, A (2006). A comparison of kinematics and performance measures of two rowing
ergometers. Journal of Sports Science and Medicine, 5, 52-59.

KLESHNEV. 2003. Rowing Biomechanics Newsletter [Online], 3.
KLESHNEV. 2005. Rowing Biomechanics Newsletter [Online], 5.

LAMB, D. H. 1989. A KINEMATIC COMPARISON OF ERGOMETER AND ON-WATER ROWING. American
Journal of Sports Medicine, 17, 367-373.

SOLOMONOW, M., ZHOU, B., BARATTA, R., LU, Y. & HARRIS, M. 1999. Biomechanics of increased
exposure to lumbar injury caused by cyclic loading: Part 1. Loss of reflexive muscular stablisation. Spine, 24,
242624 344

PARKINSON, R., BEACH, T. & CALLAGHAN, J. 2004. The time varying response of the in vivo lumbar spine to
repetitive flexion. Clinical Biomechanics, 19, 330-336.



29.

30.

31.

32.

33.

34.

35.

36.

37.

GEDALIA, U., SOLOMONOW, M., ZHOU, B., BARATTA, R. & HARRIS, M. 1999. Biomechanics
of increased exposure to lumbar injury caused by cyclic loading. Spine, 24, 2461-2467.

KING, K., DAVIDSON, B., ZHOU, B. & SOLOMONOW, M. 2009b. High magnitude cyclic load
triggers inflammatory response in lumbar ligaments. Clinical Biomechanics, 24, 792-798.

MARRAS, W., LAVENDER, S., LEURGANS, S., RAJULU, S., ALLREAD, W., FATHALLAH, F. &
FERGUSON, S. 1993. The role of dynamic three dimensional trunk motion on occupationally
related low back disorders. Spine, 18, 617-628.

PARKIN, S., NOWICKY, A. V., RUTHERFORD, O. M. & MCGREGOR, A. H. 2001. Do oarsmen
have asymmetries in the strength of their back and leg muscles? Journal of Sports Sciences, 19,
521-526.

CALDWELL, J. S., MCNAIR, P. J. & WILLIAMS, M. 2003. The effects of repetitive motion on
lumbar flexion and erector spinae muscle activity in rowers. Clinical Biomechanics, 18, 704-711.

POLLOCK, C. L., JENKYN, T. R., JONES, I. C., IVANOVA, T. D. & GARLAND, S. J. 2009.
Electromyography and Kinematics of the Trunk during Rowing in Elite Female Rowers. Medicine
and Science in Sports and Exercise, 41, 628-636.

MCGREGOR, A. H., ANDERTON, L. & GEDROYC, W. M. W. 2002b. The trunk muscles of elite
oarsmen. British Journal of Sports Medicine, 36, 214-217.

Reide N, Rosso V, Rainoldi A, Vieira T (2014) Do sweep rowers activate their low back muscles
during ergometer rowing. Scandinavian Journal of Medicine and Science in Sports 25, 4: e339-
e352

MORRIS, F. L., SMITH, R. M., PAYNE, W. R., GALLOWAY, M. A. & WARK, J. D. 2000.

Compressive and shear force generated in the lumbar spine of female rowers. International
Journal of Sports Medicine, 21, 518-523.



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

DOLAN, P. & ADAMS, M. A. 2001. Recent advances in lumbar spinal mechanics and their significance for
modelling. Spine, 16, S8-S16.

WILKE, H. J., NEEF, P., CAIMI, M., HOOGLAND, T. & CLAES, L. E. 1999. New in vivo measurements of
pressures in the intervertebral disc in daily life. Spine, 24, 755-762.

SATO, K., KIKUCHI, S. & YONEZAWA, T. 1999. In vivo intradiscal pressure measurement in healthy
individuals and in patients with ongoing back problems. Spine, 24, 2468-2474.

MARRAS, W., LAVENDER, S., LEURGANS, S., RAJULU, S., ALLREAD, W., FATHALLAH, F. & FERGUSON,
S. 1993. The role of dynamic three dimensional trunk motion on occupationally related low back disorders.
Spine, 18, 617-628.

MUNDT, D., KELSEY, J., GOLDEN, A., PASTIDES, H., BERG, A., SKLAR, J., HOSEA, T. & PANJABI, M.
1993. An epidemiologic study of non - occupational lifting as a risk factor for herniated lumbar intervertebral
disc. Spine, 18, 595-602.

HOOGENDOORN, W., BONGERS, P., DE VET, H.,, DOUWES, M., KOES, B., MIEDEMA, M., ARIENS, G. &
BOUTER, L. 2000. Flexion and rotation of the trunk and lifting at work are risk factors for low back pain. Spine,
25, 3087-3092.

MARRAS, W., PARAKKAT, J., CHANY, A., YANG, G., BURR, D. & LAVENDER, S. 2006. Spine loading as a
function of lift frequency, exposure duration and work experience. Clinical Biomechanics, 21, 345-352.
NORMAN, R., WELLS, R., NEUMANN, P., FRANK, J., SHANNON, H. & KERR, M. 1998. A comparison of peak
vs cumulative physical work exposure risk factors for reporting of low back pain in the automotive industry.
Clinical Biomechanics, 561-573.

SOLOMONOW, M., ZHOU, B., BARATTA, R,, LU, Y. & HARRIS, M. 1999. Biomechanics of increased
exposure to lumbar injury caused by cyclic loading: Part 1. Loss of reflexive muscular stablisation. Spine, 24,
2426-2434.

DOLAN, P. & ADAMS, M. A. 1998. Repetitive lifting tasks fatigue the back muscles and increase the bending
moment acting on the lumbar spine. Journal of Biomechanics, 31, 713-721.

GORELICK, M., BROWN, J. & GROELLER, H. 2003. Short duration fatigue alters neuromuscular coordination
of trunk musculature: implications for injury. Applied Ergonomics., 34, 317-325.

SANCHEZ-ZURIAGA, D., ADAMS, M. A. & DOLAN, P. 2010. Is activation of the back muscles impaired by
creep or muscle fatigue. Spine, 35, 517-525.



50.

51.

52.

53.

94,

55.

56.

57.

58.

59

60.

61.

DICKEY, J., MCNORTON, S. & POTVIN, J. 2003. Repeated spinal flexion modulates the flexion-relaxation
phenomenon. Clinical Biomechanics, 18, 783-789.

SOLOMONOW, M., BARATTA, R., ZHOU, B., BURGER, E., ZIESKE, A. & GEDALIA, A. 2003. Muscular
dysfunction elicited by creep of lumbar viscoelastic tissue. Journal of Electromyography and Kinesiology, 13,
381-396.

HEUER, F., SCHMITT, H., SCHMIDT, H., CLAES, L. E. & WILKE, H. J. 2007. Creep associated changes in
intervertebral disc bulging obtained with a laser scanning device. Clinical Biomechanics, 22, 737-744.
CALLAGHAN, J. & MCGILL, S. 2001. Intervertebral disc herniation: Studies on a porcine model exposed to
highly repetitive flexion/extension motion with compressive force. Clinical Biomechanics, 16, 28-37.

VAN DER VEEN, A., MULLENDER, M., KINGMA, |., VAN, J. & SMIT, T. 2008. Contribution of the vertebral
bodies, endplates, and intervertebral discs to the compression creep of spinal motion segments. Journal of
Biomechanics, 41, 1260-1268.

LITTLE, J. & KHALSA, P. 2005. Human lumbar spine creep during cyclic and static flexion: Creep rate,
biomechanics and facet joiny capsule strain. Annals of Biomedical Engineering, 33, 391-401.

KING, K., DAVIDSON, B., ZHOU, B. & SOLOMONOW, M. 2009b. High magnitude cyclic load triggers
inflammatory response in lumbar ligaments. Clinical Biomechanics, 24, 792-798.

HEDMAN, T. & FERNEY, G. 1997. Mechanical response of the lumbar spine to seated postural loads. Spine,
22, 134-743.

HEUER, F., SCHMITT, H., SCHMIDT, H., CLAES, L. E. & WILKE, H. J. 2007. Creep associated changes in
intervertebral disc bulging obtained with a laser scanning device. Clinical Biomechanics, 22, 737-744.
LITTLE, J. & KHALSA, P. 2005. Human lumbar spine creep during cyclic and static flexion: Creep rate,
biomechanics and facet joiny capsule strain. Annals of Biomedical Engineering, 33, 391-401.

VAN DIEEN, J., HOOZEMANS, M., VAN DER BEEK, A. & MULLENDER, M. 2002. Precision of estimates of
mean and peak spinal loads in lifting. Journal of Biomechanics, 35, 979-982.

HEDMAN, T. & FERNEY, G. 1997. Mechanical response of the lumbar spine to seated postural loads. Spine,
22, 7134-743.



	Back Pain in Rowing; An Evolution of Understanding
	An introduction
	The Evolution?
	The Evolution?
	What stage of evolution?
	Low back pain in context
	Rowing or LBP evolution?
	Is rowing different?
	Rowing injury epidemiology; what do we know?
	Slide Number 10
	Studies examining back pain in rowing
	Critique of injury surveillance to date?
	Risk factors for LBP in rowing
	Factors also associated with LBP in rowing
	Summary of risk factors
	Kinematics
	Slide Number 17
	Important findings from lab studies
	Importance of pelvic position�catch
	Importance of pelvic position�finish
	Further information?
	FRONTAL PLANE MOTION in the LUMBAR SPINE OF ELITE ROWERS
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Regression analysis of variables against spinal angular displacement
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Sagittal plane – water compared to ergometer?
	Results
	Ergo versus boat
	Summary
	Explanation?
	Muscle activity
	Forces acting on the lumbar spine in rowing
	Summary & interpretation
	Slide Number 39
	The Phenomenon of ‘creep’
	Specificity of tissue damage
	Translating evidence into practice
	Slide Number 43
	Injury prevention�Ergometer
	Injury prevention�Posture and kinematics
	Injury prevention�Posture and kinematics
	Injury prevention�Posture and kinematics
	Injury prevention�Posture and kinematics�…. The ‘c’ curve or the ‘f’ curve?
	The ‘C’ Spine?
	Importance of intra-abdominal pressure
	Injury prevention�Screening
	Screening
	Screening
	Rehabilitation
	Rehabilitation�Range of motion/flexibility
	Rehabilitation�Range of motion/flexibility
	Rehabilitation�Muscle strength/endurance
	Rehabilitation�Proprioception
	….. What about biopsychosocial approaches?
	…. A word of caution – red flags
	Translating evidence into practice
	What do the clinicians say?
	Risk factors
	Screening
	Early management
	Management – investigations?
	Prognostic indicators
	Rehabilitation
	What’s missing?
	In summary
	The future
	Thank you – questions?
	References
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77

