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(LT, !370 to 390W). Mass-start stages, on the other hand, are raced at low mean
intensities (!210W for the flat stages, !270W for the high mountain stages), but
are characterised by their intermittent nature, with cyclists spending on average
30 to 100 minutes at, and above LT, and 5 to 20 minutes at, and above OBLA.

Male professional road cycling competition is
composed of 1-day, 4- to 10-day and 3-week races.
Among these, it is probably the 3-week stage races
(Tour de France, Giro d’Italia and Vuelta a España)
that best represent the sport and draw the highest
levels of attention from sponsors, media and the
general public. From a historic perspective, during
the 1930s and 1940s cyclists participated in the 3-
week races on an individual basis. Subsequently,
in the 1950s and 1960s, cyclists took part in these
events as members of their national teams. How-
ever, during the late 1970s when sponsorship and
television became involved in the sport, riders were
grouped as professionals in sponsored trade teams,
which is currently the prevailing format not only in
the 3-week stage races, but in most other competi-
tion events as well. The only exceptions to this par-
ticipation format are theWorld Championships and
theOlympicGames, in which cyclists race asmem-
bers of their respective national teams (table I).

1. Structure of the Sport and the 
Racing Calendar

In addition to the cyclists themselves and their
respective trade teams, other basic components of
the professional cycling structure and governing
bodies include the Union Cycliste Internationale
(UCI), the International Olympic Committee, each
country’s own cycling federation and the race or-
ganisers. This amalgam of organising structures has
resulted in professional cycling having an undeni-
able image of dispersal, heterogeneity and diver-
sity of criteria. For instance, participation of some
trade teams in the most important race of the cal-
endar, the Tour de France, relies exclusively on the
criterion of the race organisers. However, during
the last decade, the UCI has made a great effort in
assuming a leading role as the major governing body
regulating, among other aspects of professional cy-
cling, participation in races as well as the competi-
tion calendar.

Table I. Union Cycliste Internationale (UCI) competition calendar and scores
Competition modality Duration Participation format Examples Racing format Points to winner
Major tour races 21-22 days Trade team Tour de France Mass-start 500

Giro d’Italia Individual TT
Vuelta a España Team TTa

Stage races 4-10 days Trade team Paris-Nice Mass-start 200
Tirreno-Adriatico Individual TT
Vuelta al País Vasco Team TTa

World Cup classics 1 day Trade team Paris-Roubaix Mass-start 280
Milano-San Remo
Clásica San Sebastián

World Championships 2 daysb National team Mass-startb 400
Individual TTb 240

Olympic Games 2 daysb National team Mass-startb 400
Individual TTb 240

Other 1-day races 1 day Trade team Subida a Montjuic Mass-start 175
a The team time trial (TT) is not necessarily included in these races.
b The mass-start race and the time trial are independent of each other.
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by changing cleat position and limiting float. Lateral knee
pain and iliotibial band symptoms may be seen with toes
pointing in and/or excessive float in the pedals. Appropri-
ate cleat and pedal modifications can eliminate lateral pain
(Table 3).

Perineal neuropathy is seen with saddles set too high,
tilted excessively downward or upward, or too narrow to
support the ischial tuberosities. Saddle height and tilt may be
reduced (Table 2).

The sooner the overuse ailment is addressed through
evaluation and modification of training and bike fit, the greater
chance of rapid recovery.

CONCLUSIONS
Proper bike fit is essential for peak performance, com-

fort, safety, and injury prevention. There is no one set of
guidelines or geometric measurements scientifically validated
to fit an athlete properly. Each athlete must be fitted indi-
vidually. Changes should be made during the off-season, one
change at a time, in small increments. The goal is to balance all
of the issues at hand: injury prevention, aerodynamics, com-
fort, and performance. The use of video analysis in con-
junction with objective physiological measurements such as
heart rate, power output and pedal torque has added science to
the art of bicycle fit. Whether caring for an elite cyclist or the
weekend warrior, the knowledge and skill to fit a cyclist are
useful training tools.
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TABLE 2. Overuse Injuries, Contributing Bicycle Posture, and Bicycle Adjustments

Ailment Contributing Position Bicycle Adjustment

Posterior neck pain, scapular pain
for clarity

Too great of a reach, handlebars too low,
too stretched out

1. Ride more upright, shorten reach
2. Raise stem height
3. Shorten stem length
4. Ride with hands on hoods or tops of bars

Hand neuropathy (cyclist’s palsy,
ulnar nerve)

Too much pressure on bars, handle bars
too low, saddle too far forward, excessive
downward saddle tilt

1. Increase padding on bars and gloves
2. Avoid prolonged pressure, change hand position often
3. Raise stem height
4. Move saddle back if too far forward
5. If saddle is tilted down, position it level

Low back pain Too stretched out 1. Ride more upright, shorten reach

2. Raise stem height

3. Shorten stem length

Tibialis anterior tendonopathy Saddle height too high Lower saddle height

Achilles tendonopathy Saddle height too high (excessive stretch) Lower saddle height

Saddle height too low (with concomitant
dropping of heel to generate more power)

Raise saddle height

Morton’s neuroma/foot pain/numbness Cleat position Usually, move cleat back, but may be forward

Irregular sole Check sole for inner wear or cleat bolts pressing inward

Shoes too tight Wider shoes, loosen Velcro straps/shoe buckle

Perineal numbness Saddle too high Lower saddle height

Tilt angle excessively up or down Adjust angle closer to level with the ground

TABLE 3. Bicycle Adjustment Based on the Location of
Knee Pain

Location Causes Bicycle Adjustment

Anterior Seat too low Raise seat

Seat too far forward Move seat back

Climbing too much Reduce climbing

Big gears, low rpm Spin more

Cranks too long Shorten cranks

Medial Cleats: toes point out Modify cleat position: toe in

Consider floating pedals

Floating pedals Limit float to 5!
Exiting clipless pedals Lower tension

Feet too far apart Modify cleat position: move closer

Shorten bottom bracket axle

Use cranks with less offset

Lateral Cleats: toes point in Modify cleat: toe out

Consider floating pedals

Floating pedals Limit float to 5!
Feet too close Modify cleat position: apart

Longer bottom bracket axle

Use cranks with more offset

Shim pedal on crank 2 mm

Posterior Saddle too high Lower saddle

Saddle too far back Move saddle forward

Floating pedals Limit float to 5!

Reprinted with permission.14
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1*1)0+'1% ,0% )4'..*;$/% 1*$2% )'+7*-$% ,0% $90<'1% 6044'+*0$)'1% >% 342)2.2&21% ,0%

'.2$,*.*2$'+*0$)2%5?1*.2%>%0$)40$'+*0$)2@%%

%

A,0+B1/% '&% 01)'7&0.04% 0&% <2&9+0$% ,0% )4'7'82% 0$% &'% 3&'$*5*.'.*;$% ,0&% 0$)40$'+*0$)2% 10%

9)*&*C'$/% 62>% 0$% ,?'/% ,*5040$)01% 342)2.2&21% ,0% .'4D'/% 0E3401','% 0$% <')*21@% #1)21% $90<21%

+-)2,21% 390,0$% *$,9.*4% +'>24% 540.90$.*'% ,0% &01*2$01% +91.9&'401% >% )0$,*$21'1% 324%

12740.'4D'%4030)*)*<'@%F24%)'$)2/%104?'%4'C2$'7&0%1932$04%:90%&'%*$.*,0$.*'%,0%&01*2$01%0$%

&21% (&)*+21% '=21% 390,0% 104% 191)'$.*'&+0$)0% ,*5040$)0% ,07*,2% '% &21% $2)'7&01% .'+7*21%

)-.$*.21% >% ,0% '.2$,*.*2$'+*0$)2% 0E304*+0$)',21% 324% 0&% .*.&*1+2% ,0% .'440)04'% ,94'$)0%

01)21% '=21@% G21% 01)9,*21% 03*,0+*2&;D*.21% 340<*21% 59042$% 40'&*C',21% 0$% 9$'% -32.'% 0$% &'%

:90%$2%0E*1)?'%9$%,01'442&&2%)'$%0E)0$12%)'$)2%'%$*<0&%)-.$*.2%H7*.*.&0)'1/%.'&'1/%0).I%.2+2%

'%$*<0&%,0%342D4'+'.*;$%,0%'.2$,*.*2$'+*0$)2% 5?1*.2@%#$%':90&&21%'=21% )'+32.2%0E*1)?'%

9$% 10D9*+*0$)2% +9&)*,*1.*3&*$'4% HJ-,*.21/% K*1*2)04'309)'1/% 0).I% )'$% ,01'442&&',2% .2+2%

62>%0$%,?'@%

%

L'+7*-$%10%6'$%*$.24324',2%'&%.*.&*1+2%,0%.'440)04'%,94'$)0%&'1%(&)*+'1%,-.','1%$90<21%

1*1)0+'1% ,0% 340<0$.*;$% ,0% &01*2$01/% '$)01% *$0E*1)0$)01@% G'% (&)*+'% +0,*,'% 3'4'% &'%

340<0$.*;$%,0%&01*2$01%*$.24324','%.2+2%9$'%40D&'%'%34*$.*3*21%,0%&21%'=21%"M/%590%0&%912%

27&*D')24*2% ,0&% .'1.2% 0$% &'1% .'4404'1% ,0% )2,'1% &'1% .')0D24?'1@% #1)'%+0,*,'%6'% )0$*,2%9$%

*+3'.)2%$2)'7&0%0$%&'%,*1+*$9.*;$%,0%)4'9+')*1+21%.4'$020$.05B&*.21%0$%01)0%,0324)0@%%

%

N901)4'% 34*+04'% 6*3;)01*1% 01% :90% )2,21% 01)21% '130.)21% 32,4?'$% )0$04% 9$'% *+324)'$)0%

40304.91*;$% 0$% &'% *$.*,0$.*'% ,0% &01*2$01% 0$% 0&% .*.&*1+2% 342501*2$'&/% 3042% 01)'% 321*7&0%

*$5&90$.*'%'($%$2%6'%1*,2%,2.9+0$)','@%G'%$0.01*,',%,0%9$'%+'>24%*$<01)*D'.*;$%,0%&21%

321*7&01%050.)21%,0%)2,21%01)21%'130.)21%12740%&'%*$.*,0$.*'%,0%&01*2$01%0$)40%&21%.*.&*1)'1%

,0%$*<0&%.2+30)*)*<2%01%0<*,0$)0@%

%

J9.6'1% ,0% &'1% &01*2$01% 324% 12740.'4D'% 0$% &'% 0E)40+*,',% *$504*24% 0$% .*.&*1+2% ,0% 49)'%

32,4?'$%01)'4%40&'.*2$','1%.2$%'&)04'.*2$01%0$%&'%,*1)4*79.*;$%,0%&'1%5904C'1%'3&*.','1%'%&'%

7*.*.&0)'% '% )4'<-1% ,0&% 7*$2+*2% 3*0O30,'&@% A.)9'&+0$)0% 10% 6'$% ,01'442&&',2% 1*1)0+'1% ,0%

+0,*.*;$% ,0% ,*1)4*79.*;$% ,0% 01)'1% 3401*2$01% H7'4232,0+)4?'I% .9>'% 5*'7*&*,',% 6'% 1*,2%

'+3&*'+0$)0% ,0+21)4','@% #1)'1% )-.$*.'1% ,0% +0,*.*;$% 7'4232,2+-)4*.'% $2% 6'$% 1*,2%

'3&*.','1%0$%0&%.*.&*1+2%342501*2$'&@%

%

N901)4'% 6*3;)01*1% 0$% 01)0% '130.)2% 01% :90% &'1% ,*5040$)01% &01*2$01% 324% 12740.'4D'% ,0%

+*0+742% *$504*24% 0$% .*.&*1)'1% 342501*2$'&01/% 32,4?'$% 01)'4% 40&'.*2$','1% .2$% ,*5040$)01%

3')42$01%,0%,*1)4*79.*;$%7'4232,2+-)4*.'/%:90%,*504*4?'$% %,0&%3')4;$%.2$1*,04',2%.2+2%

01)B$,'4%>%:90%'($%$2%6'%1*,2%,0)04+*$',2@%
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7*7)*/42%'.%'/02/%=)0*42/%(>2/$%

!$%?()2,(,%/*%(70-()4'.0'%/'%<(.%3,21-7*12%7(4@*2/%0(.02%'.%)2/%A.1*7'/%1'%,*'/62%)'/*2.()%
7242%'.% )2/% 0*32/%1'% )'/*5.% BC,(-4D0*7(/%2%32,%E2@,'7(,6(F%72.%,')(7*5.%(% )2/%1'/7,*02/%
3,'9*(4'.0'%'.%)(%)*0',(0-,(%8%;-'%/',D.%72./*1',(12/%7242%G,-32%H*/05,*72$%%

"$% I'/7,*@*,% ')% 3(0,5.% @(,232124:0,*72% '/0D.1(,% 1'% -.% 7*7)*/0(% 1'% ,-0(J% 2@0'.*'.12% -.%
,'6*/0,2% 1'% 3,'/*2.'/% 3)(.0(,'/% ;-'% 2@K'0*9'% 1'% ;-:% 4(.',(% )(/% '/0,-70-,(/% 1')% 3*'%
0,(./4*0'.% )(%7(,6(%'.%')%7*7)2%1'% )(%3'1()(1(%(.0'%1*L','.0'/%/*0-(7*2.'/%1'%7(1'.7*(%8%
320'.7*($%%
%
M$% I'0',4*.(,% )2/% L(702,'/% 42,L2L-.7*2.()'/% 1')% 3*'% 1')% 7*7)*/0(% ;-'% *.7*1'.% '.% )(/%
9(,*(7*2.'/%1')%3(0,5.%@(,232124:0,*72%'/0D.1(,%8J%7242%72./'7-'.7*(J%'.%)(%3'1()(1($%
%
N$%O9*1'.7*(,J%1'%4(.',(%3(,0*7-)(,J%/*%'P*/0'.%3(0,2.'/%@(,232124:0,*72/%'/3'7AL*72/%'.%
7(1(%-.(%1'%)(/%)'/*2.'/%32,%/2@,'7(,6(%1'%)(%'P0,'4*1(1%*.L',*2,J%;-'%1*L*',(.%1')%3(0,5.%
1'% 3,'/*2.'/% 72./*1',(12% 7242% '/0D.1(,$% Q(% 1'0'77*5.% 1'% '/02/% 3(0,2.'/% '/3'7AL*72/%
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"./012.3!4!"5/6768!!

9:!0;270"2636<=.:!

9:#:!8>?%$+-:!!

$%!&'()*!+,%!,-.(+/*!,-.(0*!1*'23+*!)*'!44!5/5%/-.3-!+,!,%/.,!+,!6!735/*73%/+3+,-!+/-./7.3-8!
03'*7,-8!!),'.,7,5/,7.,-!3!"!,9(/)*-!:;<!='*>?*('!@!"!,9(/)*-!:;<!='*>;*7./7,7.3%,-8!5*7!
)3'./5/)35/A7!,7!%3-!)'/75/)3%,-!5*2),./5/*7,-!5/5%/-.3-!+,!.*+3!$('*)3B!C3!2,+/3!+,!3D*-!
5*2*!)'*1,-/*73%!1(,!+,!E!,7!,%!F'()*!G5.(3%!@!H!,7!,%!F'()*!I/-.A'/5*!J?3K%3!LMB!

!
/#@(#!A:!F'()*-!+,%!$-.(+/*!$)/+,2/*%A&/5*B!

!
! "#$%&!'()*+#(,&!

-./0!
"#$%&!1,*$23!

-.!//!
!
14&)!563!7)*$5(&!
78$(%&)!9:;!<#&=>&$#!
!!!!-!,&##65&#6)!
78$(%&)!9:;!<#&=:&-*(-6-*23!
!!!!-!,&##65&#6)!
14&)!,&?&!%#&@6)(&-23!

!
NO6L>NOOH!

"!
4H!
>!
>!

H!JL>#M!

!
"PP">"PPO!

"!
LP!
"!
L4!

E!JN>OM!
!

=3'3!,1,5.(3'!,%!,-.(+/*!5*2)3'3./0*!+,!%3-!%,-/*7,-!+,!,-.,!&'()*!5*7!%3-!+,-5'/.3-!
)',0/32,7.,!,7!%3!%/.,'3.('3!-,!Q3!5*7-/+,'3+*!5*2*!F'()*!I/-.A'/5*!,%!+,-5'/.*!)*'!
R3''/*-!@!5*%-B!JNOO#MB!$-.,!.'3K3S*!',5*&,!%3-!%,-/*7,-!*5(''/+3-!,7.',!NO6L!@!NOOH8!,7!(7!
&'()*!+,!4H!5/5%/-.3-!+,!'(.3!)'*1,-/*73%,-!),'.,7,5/,7.,-!3!+*-!)',-./&/*-*-!,9(/)*-!+,%!
2*2,7.*B!$7.',!,-*-!5*'',+*',-!-,!Q3%%3K37!0,75,+*',-!+,!%3-!&'37+,-!0(,%.3-!+,%!
53%,7+3'/*!/7.,'735/*73%B!C3!2,.*+*%*&T3!+,!',5*&/+3!+,!+3.*-!@!37U%/-/-!,7!+/5Q*!.'3K3S*!
1(,!-/2/%3'!3!%3!+,%!)',-,7.,!,-.(+/*!9(,!-,!,-),5/1/53!3!5*7./7(35/A7B!

!

9:@:!1%B'-$&+!,%!(%-'+C%-:!

?*+3-!%3-!%,-/*7,-!.'3(2U./53-!@!)*'!-*K',53'&3!)3+,5/+3-!)*'!,-.,!&'()*!+,!44!5/5%/-.3-!
+,!V%/.,! 1(,'*7!',5*&/+3-!2,+/37.,!,75(,-.3-! ',.'*-),5./03-!),'-*73%/W3+3-B! !$%! ',&/-.'*!
/75%(@A! %,-/*7,-! *5(''/+3-! +('37.,! (7! ),'/*+*! ',.'*-),5./0*! 2,+/*! +,! E! 3D*-! J'37&*!
2UX/2*8! +,-+,! "PP"! Q3-.3! "PPOMB! G7.,-! +,! ,2),W3'! ,%! ',&/-.'*! +,! +3.*-! -,! +/*! (73!
,X)%/535/A7!+,.3%%3+3!3!.*+*-!%*-!)3'./5/)37.,-!-*K',!%3!/2)*'.375/3!+,%!,-.(+/*!@!%*-!1/7,-!
5/,7.T1/5*-!+,%!2/-2*8!1/'237+*!.*+*-!,%%*-!,%!5*7-,7./2/,7.*!/71*'23+*B!!

?*+*-! %*-! 5/5%/-.3-! 1(,'*7! ,7.',0/-.3+*-! ),'-*73%2,7.,! -/&(/,7+*! (7! 5(,-./*73'/*! *'3%!
,-.U7+3'! ,! /7+/0/+(3%! 5*7! 53+3! -(S,.*8! 35%3'37+*! ,7! .*+*! 2*2,7.*! 5(3%9(/,'! +(+3! *!
7,5,-/+3+!+,!.'3+(55/A7!9(,!,%!+,)*'./-.3!)(+/,-,!',9(,'/'!)3'3!%3!5*'',5.3!,S,5(5/A7!+,%!
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$%&$'(! )*&! +,-.+/%&-*&! 01+.',! .+*2%3*4*&! %,4%&-%,-*$+,-+! +,! 5&6*7'2! '! 8,92:&;! 2+,91*&!

'0%<%*2+&!4+! 2'&!+=1%6'&!4+2!+&-14%'(!>'2'!+,!?!<*&'&! 01+!,+<+&*.%'!6+4%.! 2*!*@14*!4+!1,!

<'2*A'.*4'.!6*.*!0*<%2%-*.!2*!-.*41<<%B,!4+!*291,*!6.+91,-*!4+2!<1+&-%',*.%'!*2!6'2*<'(!

!"#"$%&#'(%)$"(*+&*,-(*."#%)$)."/%&(!

>+!.+<'9%+.',!4*-'&!<'$'!54*4;!C+&';!D2-1.*;!4'$%,*,<%*!4+!$*,'!@!6%+;!-*22*!4+!3*6*-%22*!

E+1.'6+'F;!*7'&!<'$6%-%+,4'!+,!<%<2%&$'!4+!+2%-+;!G'.*&!4+!+,-.+,*$%+,-'!*! 2*!&+$*,*;!

H$!*!2*!&+$*,*!@!4I*&!4+!<'$6+-%<%B,!*2!*7'(!

0&1)(%#-*+&,*2)(%-#)",*+&*,&()-/&(*

)'&!6*.-%<%6*,-+&!4+2!+&-14%'!01+.',!%,-+..'9*4'&!&'A.+!2+&%',+&!-*,-'!*914*&!<'$'!6'.!

&'A.+<*.9*! =1+! G1A%+.*,! &10.%4'! 4+&4+! &1! 4+A1-! <'$'! <%<2%&-*&! 6.'0+&%',*2+&! @! =1+!

G1A%+.*,! &161+&-'! -+,+.! =1+! 91*.4*.! .+6'&'! 4+6'.-%/'! '! %,-+..1$6%.! &1! 6.J<-%<*!

4+6'.-%/*!-'-*2!'!6*.<%*2$+,-+K!+&!4+<%.;!&+!.+9%&-.*.',!*=1+22*&!2+&%',+&!=1+!'A2%9*.',!*2!

<%<2%&-*! *! 6+.4+.! L! 4I*! '!$J&! 4+! +,-.+,*$%+,-'! '! <'$6+-%<%B,(! M%<G*&! 2+&%',+&! 01+.',!

<2*&%0%<*4*&!+,!01,<%B,!4+!2*!2'<*2%3*<%B,!*,*-B$%<*;!4+2!$+<*,%&$'!@!'.%9+,!4+!2*!2+&%B,;!

4+2!-%+$6'!4+!.+6'&'!4+6'.-%/';!4+!2*!*<-%/%4*4!=1+!6.'41N'!2*!2+&%B,!O+,-.+,*$%+,-'!'!

<'$6+-%<%B,P;! *&I! <'$'! -.*-*$%+,-'! +$62+*4'! 6*.*! 2*! .+&'21<%B,! 4+! 2*&!$%&$*&(!Q'! &+!

<',&%4+.*.',! +,! +2! .+9%&-.'! 2+&%',+&! -.*1$J-%<*&! A*,*2+&! <'$'! &%$62+&! +.'&%',+&!

<1-J,+*&!4+A%4*&!*!<*I4*&!2+/+&;!'!&'A.+<*.9*&!$1&<12*.+&!&%,!.+6+.<1&%B,!01,<%',*2(!

>+! <',&%4+.B! <'$'! )+&%B,;! &%91%+,4'! 2*! 4+0%,%<%B,! 4+! R*G.! @! S*+G21$;! T<1*2=1%+.!

-.*1$*-%&$'! *914'! '! +&-.:&! .+6+-%-%/'! *&'<%*4'! *! 2*! *<-%/%4*4! 0I&%<*! 4+.%/*4*! 4+! 2*!

6.J<-%<*! 4+6'.-%/*! +,! +,-.+,*$%+,-'! '! <'$6+-%<%B,! =1+! <*1&*! 4'2'.;! 4%&01,<%B,;!

6*-'2'9I*!'!%,<*6*<%4*4UVER*G.!@!S*+G21$;!"WW?F(!>+!.+9%&-.B;!*4+$J&;!+2!4%*9,B&-%<'!*&I!

<'$'! 2*! 2'<*2%3*<%B,! *,*-B$%<*!4+! 2*!$%&$*(! 5,! <*&'!4+!G*A+.! "!'!$J&! 2+&%',+&! +,!1,!

$%&$'!&1N+-';!:&-*&!&+!.+9%&-.*A*,!4+!0'.$*!%,4+6+,4%+,-+!6*.*!,'!*2-+.*.!+2!<J2<12'!0%,*2!

4+!2+&%',+&!G*22*4*&;!-*2!!<'$'!&19%+.+,!R*G.!@!S*+G21$!ER*G.!@!S*+G21$;!"WW?F(!

)*&! 2+&%',+&! &+! <2*&%0%<*.',! +,! ! X.*1$J-%<*&! @! 6'.! >'A.+<*.9*;! 4+6+,4%+,4'! 4+2!

$+<*,%&$'!4+!6.'41<<%B,!4+!2*&!$%&$*&;!@!<'$'!D914*&!@!Y+<1..+,-+&;!4+6+,4%+,4'!4+!

2'&!+6%&'4%'&!.+9%&-.*4'&(!D&I;!&%!1,*!2+&%B,!&+!.+9%&-.*A*!6'.!6.%$+.*!/+3;!4%<G*!2+&%B,!+.*!

<',&%4+.*4*! *914*K!$%+,-.*&! =1+;! &%! 2*! 2+&%B,! +.*! 1,*! .+<%4%/*! 4+! 1,! +6%&'4%'! *,-+.%'.;!

+,-+,4%+,4'!6'.!-*2!*=1+22*!2+&%B,!4+2!$%&$'!-%6'!=1+!2*!6.+<+4+,-+!@!!=1+!&+!6.'41<+!+,!

+2! $%&$'! 2*4'! @! 2'<*2%3*<%B,! *,*-B$%<*! +,! 2'&! "! $+&+&! &%91%+,-+&! *! 2*! 0%,*2%3*<%B,! 4+2!

-.*-*$%+,-'!4+!2*!2+&%B,!6.+/%*;!:&-*!+.*!<',&%4+.*4*!<'$'!Y+<1..+,-+!E5H&-.*,4;!"WW#F(!

)*! 9.*/+4*4! 4+! 2*&! 2+&%',+&! 01+! <2*&%0%<*4*! &%91%+,4'! 2*! 5&<*2*! DA.+/%*4*! 4+! )+&%',+&!

EDAA.+/%*-+4!8,N1.@!><*2+!OD8>PF!EX*A2*!ZF!<'$'!$+,'.;!$'4+.*4*;!&+/+.*!6+.'!&%,!.%+&9'!

/%-*2;!&+/+.*!@!<',!.%+&9'!/%-*2;!!&+/+.*!<',!&16+./%/+,<%*!%,<%+.-*!@!>%,!&16+./%/+,<%*!E['%,-!

\'$$%--++!',!8,N1.@!><*2%,9]!XG+!DAA.+/%*-+4!8,N1.@!><*2+!ED8>F;!L^#WF(!
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.#/(#!01!$%&'('!)*+,-.'/'!/,!0,%.12,%!3)4567!

$%&'('!)45! 0$5489!
:! ;,21+!
"! ;1/,+'/'!
<! 5,-,+'!%.2!+.,%=1!-.>'(!
?! 5,-,+'!&12!+.,%=1!-.>'(!
@! 5,-,+'!&12!%AB,+-.-,2&.'!.2&.,+>'!
C! 5.2!%AB,+-.-,2&.'!

!

$2! &A'2>1! '! ('! ;'=2.>A/! /,! ('! (,%.D2E! -'(1+'/'! ,2! >F+;.21%! /,! /G'%! 'A%,2&.'! /,!
,2>+,2';.,2>1!1!&1;B,>.&.D2E!%,!A>.(.HD!('!$%&'('!/,!$I%>+'2/!3<!BA2>1%6!3$I%>+'2/E!"JJK6!
&('%.L.&'2/1!('%!(,%.12,%!,2!!"#$%"&!3'MA,(('%!(,%.12,%!MA,!+,MA.,+,2!;,21%!/,!N!/G'%!/,!
+,B1%1! /,B1+>.-1! B'+'! +,%1(-,+%,6E!!$'"%('(&! 3+,MA.,+,2! ,2>+,! N! O! "K! /G'%! /,! +,B1%1!
/,B1+>.-16!O!&")"%(&!3+,MA.,+,2!;P%!/,!"K!/G'%6!3Q'*('!@67!R'+'!+,'(.H'+!,%>1%!&P(&A(1%E!(1%!
&.&(.%>'%!LA,+12!&12%./,+'/1%!&1;1!*"&+$#('$&!/A+'2>,!,(!B,+.1/1!/,!>.,;B1!,2!,(!&AP(!,(!
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4AP.4("+%"GF"TS("4(;,*"%$"%0").%".2=6.%*+,"=6%"%$"%0").%"+%*%-1,"%$"IE";"+%"ER9:"TS("

4(;,*"%$"%0").%".2=6.%*+,"=6%"%$"%0"+%*%-1,"%$"IF>"
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#$% &'% ()*+,'% -.% /012304% 52,% &'4% /,24)0$24% 367)3'4% '*,+/'1'4% 2$% 8% 90$'4:% 12104;%
32<'<',4)'$04% =% 321)0>,2<,0/)?@% AB+C% 42% /0$2% 2$% 25)12$D)'% DE30% &'4% 90$'4% 1)*)<'&% =%
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+,-$.'*/01*9-+*0(&+*)12301%*)'+)%16(*),0+*)%8-$,%'%*)+&)@)A(&%*);9-$+6%)B>?*

*
*
*
*
21'121*3.$"4'*2*;:CC)-,1)'+)4%'+&40%5)BCC)D%..)'+),(.+&40%>*
)
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;3"(1'<*("#=1'61>2*"#&42('0?#
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+#

*'# +"!7!# 6+7.# --75# ++97:# !.78# 6678# -:7!# .:76# -87!#

023,4# +!!7.# 9.78# .57"# +6+7+# +"67+# !87.# .-78# 5!7+# 557"#
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1;<4=#
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$""#!

!"#$%&'()$%!"#$%&'()$%!"#$%&'()$%!"#$%&'()$%

*% +% ,% -%

.$/"012340%5$6/0%7/05891%:;<8:3%
=0>891%)8>823?%@!A%

!,%

!+%

!*%

Q#
HQQ#
"QQ#
7QQ#
PQQ#
MQQ#
!QQ#
NQQ#
RQQ#

345)* 678()* 345)* 678()* 345)* 678()* 345)* 678()*

9* /* :* ;*

<."#,)="#*>?@,>'#*>"(,'#*
!"-,A=*'B)C)*>"&'&'.#'%*DEF*

E9*

E/*

E:*
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!
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!

!"!
!

#$%&'()(*+&,$%($-.$./0()1,%.$(*$-,$)(2&3*$%&2&4,-5$-,$6.*,$7(4,4,)0,-$08')&3$8*$+,7/&.$(*$-,$
%&04)&/8+&3*$%($-,$9)(0&3*$7:;&7,5$(;<)(0,%.$(*$<.)+(*4,=(0$>?&28),$@ABC$#0D$(*$-,$9)8(/,$
@$(-$:)(,$EF$4(*D,$(-$G@H$%($ -,$9)(0&3*$7:;&7,$<,0,*%.$,-$IJ5IH$(*$ -,$9)8(/,$GC$K*$(-$
:)(,$E"$-,$9)(0&3*$7:;&7,$<,03$%(-$@I5GH$%($-,$9)8(/,$@$,-$F"5LH$(*$-,$9)8(/,$GC$

$
+,-$.'*/01*9.)+(*4,=($%($9)(0&3*$7:;&7,$<,),$+,%,$8*,$%($-,0$"$08/:)(,0$7(4,4,)0,-(0$(*$<&($

%()(+M.$N$<&($&6O8&()%.$,$-.$-,)2.$%($-,0$+8,4).$<)8(/,0C$
$

*
*
$
$
K-$&*+)(7(*4.$%($<)(0&.*(0$,$-.$-,)2.$%($-,0$G$<)8(/,0$(*$P$N$Q$'8().*$%($7(*.)$+8,*4D,$
O8($(*$-,0$)(2&.*(0$,*4()&.)(0$%(-$<&($,*,-&6,%,0$<)(1&,7(*4($>?&28),$@LBC$
$
+,-$.'*/21*R&04)&/8+&3*$%($<)(0&.*(0$<-,*4,)(0$7:;&7,0$7(%&,0$(*$<&($%()(+M.$N$<&($&6O8&()%.$(*$

6.*,0$%($7(%&.<&S$>PB$N$)(4).<&S$>QB$,$-.$-,)2.$%($-,0$+8,4).$<)8(/,0C*

$

TH$

@TH$

GTH$

!TH$

LTH$

FTTH$

345)* 678()* 345)* 678()* 345)* 678()* 345)* 678()*

9* /* :* ;*

<).4"=&'>"*#)?."*@."#,A=*BCD,B'*
!"-,A=*'@)E)*B"&'&'.#'%*FGH*

G:*

G/*

G9*

T$
@T$
GT$
!T$
LT$
FTT$
F@T$
FGT$

345)* 678()* 345)* 678()* 345)* 678()* 345)* 678()*

9* /* :* ;*

<."#,)="#*BCD,B'#*B"(,'#*
I"(,)*FIH*E*!"&.)@,J*FKH*

I9*

I/*

K*
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#$% &'% ()*+,'% -% &'% ()+./0$% 123/1'% +$% +.4'.% 2)+'.% 56))+.76$8/0% '% 9:;% +&% '*1+$46% 8+%
5'8+$5/'% '&% 7'.')% '% &'% 7)*+,'% :% $6% 7)68*<6% $/$=*$'% 168/>/5'5/0$% +$% &'.% 7)+./6$+.%
123/1'.% +$% +.4'.% 2)+'.?% @/$% +1,')=6% +&% '*1+$46% 8+% 764+$5/'% 7)68*<6% *$% 8/.5)+46%
'*1+$46% '% +37+$.'.% 8+% &'.% 2)+'.% 9-% AB-% C('% +$% ()*+,'% :% D% !-% C('% +$% ()*+,'% B;%
/$5)+1+$46%3-;E!F%D%G%ABH%C('%+$%()*+,'%:%D%!I%C('%+$%()*+,'%B;%/$5)+1+$46%3-;HIF?%
%
J'%()*+,'%"%K6&K/0%'%/$8*5/)%*$%/$5)+1+$46%8+%7)+./6$+.%123/1'.%8+%5*'$4L'%+M*/K'&+$4+?%
#$% +&% 7/+% 8+)+5N6% +&% 2)+'%9-% 7'.0% 8+% IH% C('% +$% &'% ()*+,'% B% '% E:% C('% +$% &'% ()*+,'% "%
A3-;!-F%D%+&%2)+'%G%7'.0%8+%!I%C('%+$%&'%()*+,'%:%'%E!%C('%+$%&'%()*+,'%"%A3-;"HF?%
%
#$%&'%O/=*)'%:E%.+%'7)+5/'%4'1,/P$%+.4'%1/.1'%4+$8+$5/'%'%*$'%1'D6)%56$5+$4)'5/0$%8+%
7)+./6$+.%123/1'.%+$%9-%D%G%D%1+$6)%+$%9:%'%&6%&')=6%8+%&'.%"%7)*+,'.?%#&%Q%8+%5')='%
123/1'%'5*1*&'8'%+$%9:%7')'%&'%()*+,'%-%>*+%8+&%"";BQ;%7'.'$86%'%.+)%8+&%:!;:Q%+$%&'%
()*+,'%"?%#&%Q%8+%5')='%123/1'%'5*1*&'8'%+$%9-%>*+%8+%:!;"Q%+$%&'%()*+,'%-%7'.'$86%'%
.+)%8+&%B";!Q%+$% &'%()*+,'%"?%#&%2)+'%G%4'1,/P$% /$5)+1+$40%.*.%7)+./6$+.%123/1'.%'% &6%
&')=6%8+%&'.%7)*+,'.%7'.'$86%8+%*$%:E;"%Q%+$%&'%()*+,'%-%'%*$%BE;-Q%+$%&'%()*+,'%"?%
%
%
%

+,-$.'*/01%(6)5+$4'<+%8+%()+./0$%123/1'%7')'%&'.%R6$'.%8+%1+8/67/P%A9F%D%)+4)67/P%AGF%+$%7/+%
8+)+5N6%D%7/+%/RM*/+)86%'%&6%&')=6%8+%&'.%5*'4)6%7)*+,'.?%

%
%

%
%
%
J'.%O/=*)'.%BS%D%B-%1*+.4)'$%&6.%/$5)+1+$46.%8+%7)+./6$+.%7&'$4')+.%123/1'.%'%&6%&')=6%
8+%&'.%"%7)*+,'.%+$%'1,6.%7/+.?%#$%+&%7/+%8+)+5N6;%&'.%1'D6)+.%5')='.%+$%&'%()*+,'%"%.+%
)+=/.4)')6$%+$%&'.%R6$'.%T-%D%U-%AB!?"!-;H%D%B-?-!I;V%C('%)+.7+54/K'1+$4+F%AO/=*)'%BSF?%%
%
%
%

SQ%
-SQ%
:SQ%
BSQ%
"SQ%
ISQ%
!SQ%
HSQ%
VSQ%
ESQ%

-SSQ%

234)* 567()* 234)* 567()* 234)* 567()* 234)* 567()*

8* /* 9* :*

;).3"<&'="*#)>."*?."#,@<*ABC,A'*
D"(,)*EDF*G*."&.)?,"*EHF*

H*

D/*

D8*
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+,-$.'*/01#$%&'()(%*+#,(#-'(./0%#)12/)3#(%#&3,3#1'(3#453%*3'#43'3#(5#4/(#,('(&6+#3#5+#53'7+#,(#
53.#&83*'+#4'8(93.:#

#
#

;%#(.*3.#1'(3.#5+.#/%&'()(%*+.#35&3%<3'+%#8%#=>?@#A##8%#"B>@#.+9'(#53.#4'(./+%(.#*+*35(.#
'(7/.*'3,3.# (%# 53# -'8(93# C:# D+.# )(%+'(.# /%&'()(%*+.# .(# ,(*(&*3'+%# (%# 53.# 1'(3.# ,(5#
)(,/+# A# '(*'+4/E# FGH# A# IJK# 35&3%<3%,+# (5# C>L@# A# (5# LC=@# '(.4(&*/M3)(%*(:# ;%# (5# 4/(#
/<N8/(',+#53#<+%3#,(#)3A+'#&3'73#*+*35#'(7/.*'3,3#(%#53#-'8(93#=#'(.85*0#.('#OCK#.(78/,3#,(#
PCQ#(.#,(&/'K#(%#+',(%#/%M('.+#35#N8(#+&8''R3#(%#(5#4/(#,('(&6+#FS/78'3#LCJ:#;5#/%&'()(%*+#
,(#-'(./0%#*+*35#(%*'(#53#-'8(93#C#A#53#=#T8(#,(5#"=L@#(%#OC#A#,(5#==H@#(%#PC#:##
#
;%*'(# 53.# 4'8(93.# C# A# H# %+# (2/.*/('+%# ,/T('(%&/3.# ./7%/T/&3*/M3.# (%# 53.# 4'(./+%(.# *+*35(.#
'(7/.*'3,3.#(%#53.#,/.*/%*3.#1'(3.#453%*3'(.:#;.#,(&/'K#8%#/%&'()(%*+#,(#53#&3,(%&/3#%+#.(#
*'3,8&R3#(%#/%&'()(%*+#./7%/T/&3*/M+#,(#53.#4'(./+%(.#453%*3'(.#)12/)3.:#
#
+,-$.'*/21#$%&'()(%*+#,(#-'(./0%#)12/)3#(%#&3,3#1'(3#453%*3'#43'3#(5#4/(#/<N8/(',+#3#5+#53'7+#,(#

53.#&83*'+#4'8(93.:#

#

U#

CUU#

HUU#

LUU#

=UU#

"UU#

!UU#

?UU#

BUU#

2* 3* /* 4*

567."8"6&)*9:';**
9,"*("."7<)* =2*

=3*

=/*

>2*

>3*

>/*

:2*

:3*

?*

U#

CUU#

HUU#

LUU#

=UU#

"UU#

!UU#

?UU#

BUU#

2* 3* /* 4*

567."8"6&)*9:';**
9,"*,@A$,".()* =2*

=3*

=/*

>2*

>3*

>/*

:2*

:3*

?*
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"#$%&'()*#$%+,%-%++%*./0(.1%20$%'1/*.3.140$%5.%6*.$'71%389'3#%#(*):#50$%.1%+%$);8*.#$%
<5'('4#2=%3.4#4#*$#2%-%3.5'0:'>?*.4*0:'>@%.1%/#5#%)1#%5.%2#$%:*).;#$%*.#2'A#5#$%-%.1%/#5#%
:'.B%C.%#:*./'#%/2#*#3.14.%D).%20$%/#3;'0$%$'(1'E'/#4'F0$%.1%20$%'1/*.3.140$%5.%/#*(#%$.%
:*05)/.1%.1%2#$%:*).;#$%+%-%G%-%#%.9:.1$#$%5.%2#$%8*.#$%5'('4#2%-%5.%#:0-0%3.4#4#*$#2B%
%

%
%

+,-$.'*/01%H1/*.3.140%5.%6*.$'71%389'3#%.1%2#$%+%$);8*.#$%:2#14#*.$%<5'('4#2=%3.4#4#*$#2=%
3.5'0:'>?*.4*0:'>@%:#*#%.2%:'.%5.*./I0%.1%/#5#%)1#%5.%2#$%/)#4*0%:*).;#$B%

%
%
%

+,-$.'*//1%H1/*.3.140%5.%6*.$'71%389'3#%.1%2#$%+%$);8*.#$%:2#14#*.$%<5'('4#2=%3.4#4#*$#2=%
3.5'0:'>?*.4*0:'>@%:#*#%.2%:'.%'AD)'.*50%.1%/#5#%)1#%5.%2#$%/)#4*0%:*).;#$B%

%

%
%

J=J%

,JJ=J%

GJJ=J%

!JJ=J%

KJJ=J%

LBJJJ=J%

LB,JJ=J%

2* 3* 456*

789.":"8&)*;4'<*
;,"*("."9=)*

>*

0*

/*

?*

J=J%

,JJ=J%

GJJ=J%

!JJ=J%

KJJ=J%

LBJJJ=J%

LB,JJ=J%

2* 3* 456*

789.":"8&)*;4'<*
;,"*7@A$,".()*

>*

0*

/*

?*
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#$%& '()*+$%& ,-& .& ,/& 0*1%2+$3& 45%& 65+7132$81%& 91& :+1%(;3& 0<=(0$& 13& 7$9$& %*><+1$& 13&
+14$7(;3&$4& 252$4&91& 4$&:+1%(;3&0<=(0$&64$32$+& +1)(%2+$9$?&@%2$&9(%2+(>*7(;3&91&6+1%(531%&
35& %1& $421+;& %*%2$37($401321& 13& 4$%& 9(%2(32$%& 6+*1>$%& 1A172*$9$%?& @3& 14& 6(1& 91+17B5&
C'()*+$&,-DE&F*1&A*1&14&F*1&0<%&G$+($7(;3&05%2+;E&4$&7$+)$&13&4$&+1)(;3&9()(2$4&5%7(4;&132+1&
14&,!H&C6+*1>$&ID&.&14&--H&914&252$4&C6+*1>$&ID?&@3&4$&+1)(;3&91&$65.5&012$2$+%$4&CJD&4$%&
5%7(4$7(531%&A*1+53&914&-KH&C6+*1>$&ID&$4&/IH&C6+*1>$&,D?&@4&65+7132$81&91&6+1%(531%&13&
019(5&.&+12+56(L&+1%61725&$4&252$4&$7*0*4$95&9(%0(3*M$&13&+14$7(;3&$&4$&(3213%(9$9&91&4$&
6+*1>$E&6$%$395&914&N"H&13&4$&:+*1>$&N&$4&NIH&13&4$&:+*1>$&-?&&
&
&
+,-$.'*/01&:5+7132$81&91&:+1%(;3&0<=(0$&6$+$&4$%&O53$%&91&9195%&CPDE&012$2$+%($35%&CJD&.&019(5Q

+12+56(L&CRSTD&914&6(1&91+17B5&6$+$&7$9$&*3$&91&4$%&7*$2+5&6+*1>$%?&

&
&
&

+,-$.'*/21&:5+7132$81&91&:+1%(;3&0<=(0$&6$+$&4$%&O53$%&91&9195%&CPDE&012$2$+%($35%&CJD&.&019(5Q
+12+56(L&CRSTD&914&6(1&(OF*(1+95&6$+$&7$9$&*3$&91&4$%&7*$2+5&6+*1>$%?&

*

KH& NKH& IKH& ,KH& -KH& /KH& !KH& "KH& UKH& VKH& NKKH&

3*

4*

/*

0*

5).6"7&'8"*#)9."*5:';*'6$<$%'('#*
5,"*="."6>)*

=* ?* :@A*

KH& NKH& IKH& ,KH& -KH& /KH& !KH& "KH& UKH& VKH& NKKH&

3*

4*

/*

0*

5).6"7&'8"*#)9."*5:';*'6$<$%'('#*
5,"*BCD$,".()*

=* ?* :@A*
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!

+,-,*./0%$"/-1'*("%*2)30)&14)*("*41"*56))&*7)#&$3"*./("89*"/*%'#*43"#1)/"#*4%'/&'3"#,*
*
#$%&'%(')&'%*!%+,%-.,+/0'$%&1+%2'/1+%0,3,0,$/,+%'&%$4-,01%2,%+.5,/1+%6.,%-1+/0')'$%&1+%
273,0,$/,+% /781+%-1031&9:7;1+%2,%87,<% ='% ;&'+737;';79$% 3.,%>,;>'%,$%)'+,%'&% ?11/%@1+/.0,%
A$2,B% C?@ADE% 6.,% &1+% 27F72G'% ,$% H% :0.81+I% J10-'&% CKL% +.5,/1+DE% @01$'21% CKH% +.5,/1+DE%
M78,0801$'21%CH%+.5,/1+DE%N.87$'21%CO%+.5,/1+D%,%M78,0+.87$'21%C"%+.5,/1+D<%%
*
*

:';%'*<=,*P7+/07).;79$%2,%&'%-.,+/0'%2,&%,+/.271%,$%3.$;79$%2,&%?@A<%

% ?0,;.,$;7'% @10;,$/'5,%

J10-'&% KL% O"EQ%

@01$'21% KH% OQEQ%

M78,0801$'21% H% KQEQ%

N.87$'21% O% !EQ%

M78,0+.87$'21% "% K!EQ%

?11/%

@1+/.0,%

A$2,B%

(1/'&% HQ% KQQEQ%

%
%
@'0'%,&%,+/.271%)'018121-R/07;1E%;1-1%-.,+/0'% &'%(')&'%*SE% &1+%+.5,/1+%+,%0,':0.8'01$%
,$% O% 4$7;1+% :0.81+I% J10-'&E% @01$'21% C@01$'21TM78,0801$'21D% U% N.87$'21%
CN.87$'21TM78,0+.87$'21D<*
*

:';%'*<>,*P7+/07).;79$%2,%&'%-.,+/0'%2,&%,+/.271%,$%3.$;79$%2,&%?@A%0,':0.8'21+%,$%O%4$7;1+%
:0.81+<%

% ?0,;.,$;7'% @10;,$/'5,%

J10-'&% KL% O"EQ%

@01$'21% *Q% VQEQ%

N.87$'21% KK% **EQ%

?11/%

@1+/.0,%

A$2,B%
(1/'&% HQ% KQQEQ%

*
%
#$% &'% (')&'% *"% +,% 0,;1:,$% &'+% 80,+71$,+% -WB7-'+% 0,:7+/0'2'+% ,$% &'% @0.,)'% K% ,$% ;'2'%
+.)W0,'%8&'$/'0%2,8,$27,$21%2,%&'%-1031&1:G'%2,&%87,<%#$%,+/'+%;70;.$+/'$;7'+%)'+'&,+%&'+%
4$7;'+%273,0,$;7'+%,$/0,%&1+%O%:0.81+%3.,01$%'%$7F,&%2,%XK%C-,27187R%7$/,0$1D%21$2,%&1+%
+.5,/1+%;1$%87,%+.87$'21%80,+,$/'01$%0,:7+/01+%2,%80,+71$,+%+7:$737;'/7F'-,$/,%-W+%)'51+%
6.,%&1+%1/01+%:0.81+%CY$1F'E%8ZQEK!D<%%
%
#$%,+/,%W0,'%,B7+/7,01$%273,0,$;7'+%,+/'2G+/7;'-,$/,%+7:$737;'/7F'+%C(%/,+/D%,$/0,%,&%:0.81%
N.87$'21%U%,&%J10-'&%U%,$/0,%,&%:0.81%N.87$'21%U%,&%@01$'21<%
%
%
%
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+',%'*-./*#$%&'()*+,$+-)$'&*.$'+/01&/2'+,3)2.($+42+5)3$62+7+'$%8.+95:+2%)3-2,*+;-&$+,$)$<=*>?+

95:+2%)3-2,*+ @7,+ 7@A,+ @B,+ C7,+ CA,+ CB,+ D7,+ DA,+ E,+

D$,&2+ 7"AFG+ HGF!+ BAF7+ 77BFA+ IBFB+ !JF!+ BAFGK+ JJFB+ BGFG+
L*)/24+

@M+ 7!BF"+ AJFB+ 7!FA+ NHFB+ BBFJ+ ABFG+ 7JFB+ 7"FI+ 7HF7+

D$,&2+ 7B7FN+ !JFJ+ BIFB+ 7AAF"+ "BFB+ HNFB+ BGF7+ H7F"+ A"FH+
5)*.2,*+

@M+ 7AGFA+ HIF7+ AAFI+ 7AAF7+ HGFH+ BBF"+ 7BFI+ A"FI+ 7!FG+

D$,&2+ 7G7FG+ !GFN+ BHFN+ 7GGF"+ INFB+ "NFI+ 7IFBKK+ JBFA+ BNF7+
O3-&.2,*+

@M+ N7FJ+ BJF7+ ABFN+ IGFJ+ HGF7+ 77JF"+ AFA+ B!FG+ AGFN+

+ F7HN+ FH"A+ F!JB+ FIBH+ FNN"+ F7IB+ FG7!+ F!7H+ FJJI+
PLQRP+

+ + + + + + + + + +

+
K+-SGFGGJ+;L*)/24+T'+O3-&.2,*>+
KK+-SGFGG"+;O3-&.2,*+T'+5)*.2,*>+

+
U2+9&%3)2+B!+)$<*%$+42+%)0V&<2+,$+,&'()&63<&W.+,$+-)$'&*.$'+/01&/2'+$.+42+5)3$62+7?+PX3Y+
'$+-3'&$)*.+/0'+,$+/2.&V&$'(*+24%3.2'+,&V$)$.<&2'+$.()$+4*'+B+%)3-*'?+M4+%)3-*+,$+'3Z$(*'+
<*.+'3-&.2<&W.+-)$'$.(W+4*'+T24*)$'+/0'+62Z*'+2+.&T$4+,$+@7+;7F"+T$<$'+/0'+62Z2'+X3$+$4+
%)3-*+L*)/24>+[+4*'+/0'+24(*'+2+.&T$4+,$+CB+;7FH+T$<$'+/2[*)+X3$+$4+%)3-*+L*)/24>?++
+
P3.X3$+ $'(2'+ ,&V$)$.<&2'+ .*+ /*'()2)*.+ '&%.&V&<2<&W.+ $'(2,Y'(&<2+ 'Y+ X3$+ )$V4$Z2)*.+ $4+
,&V$)$.($+<*/-*)(2/&$.(*+,$+<2,2+(&-*+,$+-&$+$.+$4+<&<4*+,$+-$,24$*+<*.'&,$)2,*+<*/*+
62'24+;-)3$627>?+
*
*
012$3'*45/*@&'()&63<&W.+,$+-)$'&*.$'+-42.(2)$'+/01&/2'+/$,&2'+$.+$4+-&$+,$)$<=*+$.+4*'+B+%)3-*'+

;.*)/24F+5)*.2,*+[+O3-&.2,*>+,3)2.($+42+5)3$62+7?+

+
++
+

G+

HG+

7GG+

7HG+

AGG+

AHG+

67(* 76-(* 64(* 87(* 8-(* 84(* 97(* 9-(* +(*

:9';*<"(1'*=:3$",'*7>*

?)3<'%* :3)@'()* A$B1@'()*
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/5)'1%$)'&/(*$-*5)'&'*(>%&)$&(*&/5+)2*&6)&0*6)$01*&M"&5/,&B&/%-)$01*&!""&W*--8&&

F$&(%'&'+:)-%'&0%$&0*(*'&,.>1()'&')&7*>%5)0)&+$*&61'/)5'1.$&6)&/5)'1%$)'&/(*$-*5)'&)$&(*&
0*2)I*&6)(&!V&,)-*-*5'1*$%C&=+)&)'&+$*&6)&(*'&)'-5+0-+5*'&=+)&,G'&'+75)$&)$&)(&010(%&6)(&
/)6*()%8&X+*$6%&*+,)$-*$&(*&0*6)$01*&B&(*&/%-)$01*C&)'-*'&617)5)$01*'&)$&7+$01.$&6)(&-1/%&
6)& 0*(*'& $%& ')& ,+)'-5*$& -*$& )>16)$-)'8& X5)),%'& =+)& )'-%& )'& 6)216%& *& =+)& 0+*$6%&
*+,)$-*&(*&0*6)$01*&B&/%-)$01*C&)(&-1),/%&6)&):)0+01.$&6)(&/)6*()%&)'&,)$%5&B&/%5&-*$-%&
(*&/1>%-*01.$&'%25)&(*&0*(*&-*,213$&')&>)5<*&5)6+016*8&

Y*21-+*(,)$-)&)$&(%'&)'-+61%'&0%$&010(1'-*'&')&+-1(1I*&(*&,)6101.$&6)(&-%5=+)&/*5*&>*(%5*5&
(*'& /%'12()'& *'1,)-5<*'& )$& )(& 010(%& 6)(& /)6*()%& 5)(*01%$*6*'& 0%$& (*& 6%,1$*$01*& 6)(&
,1),25%& 1$7)51%58& F(& ,1),25%& 6%,1$*$-)& '+)()& ')5& )(& =+)& ,G'& /%-)$01*& 6)'*55%((*&
6+5*$-)& (*& 7*')&/%'1-1>*&6)(&/)6*()%C&,%'-5G$6%')&,G'&5)()>*$-)& (*&*001.$&6)(&,1),25%&
$%&6%,1$*$-)&)$&(*&7*')&$)4*-1>*&6)(&,1',%8&K%&%2'-*$-)&)U1'-)$&>*51*01%$)'&1$-5*'+:)-%&
=+)& ?*0)$& ,G'& %& ,)$%'& )>16)$-)'& (*'& 617)5)$01*'& )$-5)& )(& ,1),25%& 6%,1$*$-)& B& )(&
0%$-5*(*-)5*(&@T,*R&B&0%('8C&!LLLE8&&

F(&%2:)-1>%&6)&$+)'-5%&)'-+61%C&*(&>*(%5*5&(*&6%,1$*$01*&)$&)(&/)6*()%C&$%&?*&'16%&%2-)$)5&
)(&0%,/%5-*,1)$-%&$)-%&6)&(*&7+)5I*&=+)&)(&/1)&-5*$',1-)&'%25)&)(&/)6*(C&'1$%&6)'051215&)(&
/*-5.$& 6)& 61'-512+01.$& 6)& /5)'1%$)'& /(*$-*5)'& )$& 7+$01.$& 6)& (*'& 617)5)$-)'& G5)*'&
*$*-.,10*'&)$&)(&(*6%&6%,1$*$-)&B&)$&)(&0%$-5*(*-)5*(8&&
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3,*(%15.&>&3+()(%15.&/(&-()5,%()&3+(;5.)&(%&+(-.152%&.-&05(04+,&1,%*+.-.*(+.-?&$%&%'()*+,&
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151-5)0,&/(&K-5*(?&M'%B'(&)C&-,)&(%1,%*+.0,)&(%&,*+.)&/5)153-5%.)&/(3,+*5;.)&1,0,&NE*4,-&
FO'((%&>&1,-)?8&H""PI&>&1,++(/,+()&+(1+(.15,%.-()&FQ54(5+,&>&1,-)?8&H"!!I?&$)*(&()&(-&3+50(+&
*+.4.7,&B'(&+(-.15,%.&-,)&J.--.R=,)&(35/(05,-2=51,)&,4*(%5/,)&(%&'%&=+'3,&/(&S"&151-5)*.)&
/(&+'*.&3+,:()5,%.-()&1,%&)'&3.*+2%&4.+,3,/,0K*+51,?&&

T.)& 3.*,-,=C.)& 3,+& ),4+(1.+=.& B'(&0,)*+.+,%& /5:(+(%15.)& )5=%5:51.*5;.)& (%& )'& 3.*+2%& /(&
/5)*+54'152%& /(& 3+()5,%()& 3-.%*.+()& (%& +(-.152%& .& -,)& )'7(*,)& -54+()& /(& -()52%8& :'(+,%& (-&
U5%/+,0(& /(& G5%*5--.& V-5,*545.-& >& -.& W(%/5%,3.*C.& /(& MB'5-()?& M04.)& (%*5/./()& 1-C%51.)&
*5(%(%&0.+1./.&5%15/(%15.&(%&(-&151-5)0,&/(&+'*.&(X,-0()&>&1,-)?8&!PPAY&G.--.=J.%8&H""SY&
G,)1.&>&Z.;.R5,8&H""[I?&

\()/(& !P[S& FQ(%%(8& !P[SI& )(& +(-.15,%.& (-& UC%/+,0(& /(& G5%*5--.& V-5,*545.-& FUGVWI& 1,%& -.&
45,0(16%51.& /(& -.& +,/5--.& >& (-& .'0(%*,& /(& -.& :+51152%& /(& -.& G5%*5--.& V-5,*545.-& ),4+(& (-&
(3512%/5-,& ,& *'4K+1'-,& :(0,+.-& (<*(+%,& /'+.%*(& -.& .1*5;5/./& /(3,+*5;.& FX,-0()& >& 1,-)?8&
!PPAI?& $)*.& :+51152%& )(& ;(& :.;,+(15/.& 3,+& -.& 1,%*5%'.& .-*(+%.%15.& /(& 0,;505(%*,)& /(&
:-(<,(<*(%)52%&/(&-.&+,/5--.&(%&'%&.+1,&/(&"9&.&A"98&()3(15.-0(%*(&.-+(/(/,+&/(&-,)&A"98&
/,%/(&-.&G5%*5--.&V-5,*545.-&3.).&/(&'%.&3,)5152%&.%*(+5,+&F+,/5--.&(%&(<*(%)52%&1,03-(*.I&.&&
1,-,1.+)(&/(&:,+0.&3,)*(+5,+&,&(%150.&/(-&*'4K+1'-,&:(0,+.-8&)5(%/,&K)*(&(-&0,0(%*,&/(&
0.>,+&:+51152%&F]+1J.+/&>&1,-)?8&!PP#I?& 

U5& 45(%& ()& 15(+*,& B'(& J.>& ,*+,)& .'*,+()& B'(& )(& 0'()*+.%& 1,%*+.+5,)& .& ()*.)& *(,+C.)8&
4.).%/,& )'& /5)1+(3.%15.& (%& -.)& 1.+.1*(+C)*51.)& .%.*2051.)& /(& -.& N.)15.& V-5,*545.-?& \51J,)&
.'*,+()&)'=5(+(%&B'(&(-&0,;505(%*,&/(&:+51152%&/(&-.&G5%*5--.&),4+(&(-&12%/5-,&:(0,+.-&%,&
()& +(.-8& )5%,& '%.& 3(+1(3152%& )(1'(%15.-& /(& -.& *+.%)05)52%& /(& *(%)52%& /()/(& -.)& :54+.)&
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,
E*+,'+&3-)*+,'%,0*(('-*('+,-',4*%-*,1'01*+,2*(,V(01$(-,?,0*.+7,@!NNTD,;*+&($<$%,F3','.,
&)';2*, -', 4()00)6%, '%&(', .$, G)%&)..$, ).)*&)<)$., ?, '., &3<Q(03.*, .$&'($., 4';*($., '($, -',
$2(*5);$-$;'%&', #R, ;+B, -3($%&', .$, 4$+', -', 0*%&$0&*, -'., 2)', '%, '., +3'.*, @0)0.*, -',
0$(('($D7,E*+,('+3.&$-*+,*<&'%)-*+,0*%,3%,A(32*,-',!",0)0.)+&$+,$;$&'3(+,$,'+&',('+2'0&*,
1$<.$%,-',3%,&)';2*,-',4()00)6%,-',OW,;+,2*(,2'-$.$-$,@/$(('.,?,0*.+7B,C""OD7,8*(,&$%&*,
>';*+, F3', '., &)';2*, -', 4()00)6%, +', ('-30', 0$+), $, .$,;)&$-, '%, '., 0)0.*, -', 2'-$.'*, 0*%,
('+2'0&*,$.,0)0.*,-',0$(('($7,,
,
P3%F3','.,&)';2*,-',(*0','+,;'%*(,2$($,3%,0)0.*,-',2'-$.'*,F3',2$($,3%,0)0.*,-',0$(('($B,
'.,%X;'(*,-',0)0.*+,'4'0&3$-*+B,?,2*(, &$%&*,'.,%X;'(*,-',>'0'+,F3', .$,G)%&)..$, H.)*&)<)$.,
2$+$,+*<(','.,&3<Q(03.*,.$&'($.,4';*($.B,2*(,3%,0)0.)+&$,'+,+32'()*(,$.,-',3%,0*(('-*(7,Y+&',
'+, -', $2(*5);$-$;'%&', 3%, O"SZ"[,;K+, -', *0$+)*%'+, -', (*0', 2$($, 3%, '%&('%$;)'%&*,
+);).$(, @Z, \;,'%,<)0)0.'&$,2*(, 0$-$,!, \;,-', 0$(('($D7, Y+&*,%*+, +3A)'(',F3','., 4$0&*(, -',
(')&'($0)6%,-'.,;*>);)'%&*,'%,0)0.)+;*, U3'A$,3%,2$2'.,;K+, );2*(&$%&',F3', .$, 0$(A$,'%,
03$%&*,$,.$,2$&*.*A:$,-',G)%&)..$,H.)*&)<)$.,+',('4)'(',@/$(('.,,?,0*.+7B,C""OD7,,
,
]('A'(+'%,?,0*.+7,@C""TD,$4)(;$%,$,2$(&)(,-',+3,'+&3-)*,0*%,Y.'0&(*;)*A($4:$,@Y^]D,F3',.$,
;$?*(:$,-', .$+,2$&*.*A:$+,-',;)';<(*, )%4'()*(,'%,0)0.)+;*,+*%,2*(, +*<('0$(A$,?,F3',+',
-'<'%,2()%0)2$.;'%&',$,-)+<$.$%0'+,;3+03.$('+,2*(, 4$0&*('+, 0*;*,3%$,;$.$,$.)%'$0)6%,
-'.,;)';<(*,)%4'()*(,*,2('+'%0)$,-',3%,2)',>$(*_>$.A*7,,

M*.;'+,?,0*.+7, @!NNOD,('.$0)*%$%,'.,9:%-(*;',-',G)%&)..$, H.)*&)<)$., @9GHID,0*%,3%,$3;'%&*,
-', .$,;*>).)-$-, -', .$, 0$-'($, 1$0)$, .$, (*&$0)6%, '5&'(%$B, 0*%-)0)*%$%-*, .$,;'0K%)0$, -'.,
;)';<(*,)%4'()*(7,E*+,('+3.&$-*+,<$(*2*-*;Q&()0*+,*<&'%)-*+,'%,%3'+&(*,'+&3-)*,2*%'%,
-',;$%)4)'+&*,'+&$,('.$0)6%,$,&($>Q+,-',-*+,1$..$=A*+,0*%,+)A%)4)0$0)6%,'+&$-:+&)0$J,2*(,3%,
.$-*,'.,$3;'%&*,-',2('+)*%'+,2.$%&$('+,+*<(','.,K('$,GO,@H`,?,`,;'&$&$(+)$%*+D,'%,+3U'&*+,
0*%, 9GHI, ?, '., $3;'%&*, -', 2('+)*%'+, '%, '., K('$,^C, @;'-)*2)', '5&'(%*D, '%, +3U'&*+, 0*%,
($%A*,$(&)03.$(,-',(*&$0)6%,'5&'(%$,-',0$-'($,$3;'%&$-*7,

a), P.'%0$(, ?, ^$&)$+, @C""ND, ('4)'('%, F3', 03$%-*, .$, I)<)$, '+&K, (*&$-$, )%&'(%$;'%&', +',
2(*-30',3%,$3;'%&*,-', .$,2('+)6%,$,%)>'.,-'.,06%-).*,;'-)$.,-3($%&', .$,2'-$.$-$b,'+&$,
(*&$0)6%,;'-)$.,-',.$,I)<)$,&$;<)Q%,23'-',2(*>*0$(,+:%-(*;',-',.$,G)%&)..$,H.)*&)<)$.B,F3',
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+&$%')*0.$( .5)&/-0.$( &/( /%&$)+.( &$)%0-.6( &/( &'( 7%&( '.$( $%8&).$( ,./( 9:;<( $./( '.$( 7%&(
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S9E:(1*.*(#&&*(53&1-)&-0%.*()*+(QT(6#,6*+#6(.#(&%6()&%,1-&&%6(4()*+(;(+#)#1-0-*,#6(.#(0%.%(
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Abstract
All traumatic and overuse injuries occurring during an average period of 4 years (2002/09) in a group of 51 currently active
road top-level cyclists were retrospectively registered through clinical interviews. Average age was 25.8 years. Average
training and competition period was 28.3+ 2.4 h a week. Only 8 cyclists (15.6%) were completely free from lesions during
the period of study. The remaining 43 cyclists suffered a total of 112 lesions; however, 9 out of these were unrelated to their
cycling practice. These 103 cycling-related injuries include 50 (48.5%) traumatic and 53 (51.5%) overuse injuries. Twenty-
eight fractures were reported, the clavicle being the most frequently affected bone (11 cases). The 68.5% of overuse injuries
were located in the lower limbs. Most overuse injuries (89.6%) occurred during the training period. According to the Injury
Abbreviated Scale (AIS), severe lesions were only found in 4 cases (8% of traumatic injuries). Overall injury rates were 0.50
per racer/year, 2.02 per studied racer, and 0.007 per 1,000 km of training and competition. Active professional top-level
cyclists are exposed to a high injury risk. According to the scarce previously published data the current study provides
relevant information on the injury occurrence of still active top-level road cycling.

Keywords: road cycling, epidemiology, traumatic injuries, overuse, injury risk

Introduction

In spite of the popularity of road cycling and the fact
that some top level competitions such as the Tour of
France are nowadays one of the most closely followed
sports events worldwide, literature is rather scarce
regarding the study of injury incidence and risk in top
level cyclists. Most studies describe injury incidence in
school groups, urban population or recreational
cycling (Wilber, Holland, Madison, & Loy, 1995;
Emond, Tayoun, Bedolla, & Camargo Jr, 1999;
Hansen, Eide, Omenaas, Engesæter, & Viste, 2005;
Yeung, Leung, Poon, Cheung, Graham, & Rainer,
2009). These works report almost exclusively acute
traumatic lesions, thus ignoring overuse injuries.
Regarding cycling at top-level competition, litera-

ture on injury incidence is somewhat more abundant
in mountain biking (Chow, 1993; Kronisch, Chow,
Simon, & Wong, 1996; Gaulrapp, Weber,
Rosemeyer, 2001) and triathlon (Gosling, Gabbe,
& Forbes, 2008) modalities. More often, the

literature includes other merely descriptive studies
on potential cycling-related lesions (especially over-
use injuries), suggesting different hypothetical pre-
ventive procedures (Holmes, Pruitt, and Whalen,
1991, 1994; Mellion, 1991, 1994; Wanich, Hodg-
kins, Columbier, Muraski, & Kennedy, 2007). None
of these studies refers to the true incidence of these
lesions in high-competitive professional road cycling.

The most exhaustive epidemiologic study on
professional road cycling reported injuries occurred
between 1983 and 1995 in a group of 65 top level
cyclists who were part of two of the most prestigious
teams at that time (Barrios, Sala, Terrados, & Valenti,
1997). The commonest lesions were due to overuse
mechanisms (62%) instead of trauma. Particularly,
this included patellar and Achilles tendinopathies, as
well as anterior knee pain due to probable chondro-
pathy. A recent study on professional road cyclists
exclusively describes overuse injuries suffered by 109
cyclists along a season (Clarsen, Krosshaug, & Bahr,
2010). The retrospective analysis of injuries in this
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work was mainly focused on questionnaires covering
low back and anterior knee pain. No specific clinical
diagnosis was established.
In the last years professional cycling has under-

gone severe transformations both at physical con-
ditioning and technical level (Santalla, Manzano,
Pérez & Lucı́a, 2002; Ettema & Lorâs, 2009; Rankin
& Neptune, 2010; Leirdal & Ettema 2011). Present-
day training systems determine the volume of work
by means of different loading protocols expressed in
Watts (Laursen, Shing, Peake, Coombes & Jenkins,
2002; Gross, Swensen & King, 2007; Hansen,
Rønnestad, Vegge & Raastad, 2011). This may
induce muscle and tendon injuries due to overuse.
On the other hand, like in other sports, preventive
injury methods based on different conditioning and
recovery techniques have also gained interest. How-
ever, the influence of all these factors on injury
incidence is yet to be determined.
This paper aims at analysing musculoskeletal

injury incidence in a group of currently active
professional top-level cyclists. Injury rates according
to racer, year, and competition distance were
determined for both traumatic and overuse lesions.

Material and method

Participants

This study includes a group of 51 top-level cyclists
belonging to a Pro-Tour team and two UCI Pro-
Continental teams who take part in the main
European cycling competitions. The average age of
participants was 25.8+ 4.4 years (ranging 20–36).
Their average training and competition time was
28.3+ 2.4 h per week, while the distance they
covered in both training sessions and competition
ranged from 24,000 to 34,000 km per cyclist per
year. The average number of competition days was
70 per racer per year (ranging 50–90).
Before the start of data collection, a detailed

explanation about the importance and significance of
the study was given to all participants, and consent
was signed to use the results for scientific purposes.
The Ethics Committee of the senior author institu-
tion (CB) released approval for the study.

Injury register

All traumatic and overuse injuries suffered by this
group of 51 professional top-level cyclists were
collected by means of personal retrospective inter-
views. Registration included the injuries occurred,
on average, in the last four years (maximum range
was 2002–09). All cyclists were interviewed by two of
the co-authors of the present work (NB and CB),
with extensive experience in injury diagnosis and

treatment in elite sportsmen. With this purpose, a
standard oral questionnaire was followed at all times.
The participants’ doubts or needs were immediately
solved and covered for proper questionnaire answer-
ing. The interviews were held in either English or
Spanish, the official languages of the teams under
study. The third co-author (MH) of this study
helped in the translation of several questions into
Polish in 3 cases.

1. Participant’s profile: data such as age, weight,
height, years competing in top-level cycling,
training hours per week, km covered per week,
and competition days per year were collected

2. Registration of injuries: all participants in the
study were asked regarding both traumatic and
overuse injuries suffered since their debut as
professional cyclists that had involved either
forced rest, or complete or partial interruption
of their sports practice. That is, all injuries that
according to the interview forced them to lose
at least one day of training or competition
were reported. These injuries were classified
according to their anatomic location, injury
mechanism and origin, time of forced rest, the
injury-causing activity (training or competi-
tion), as well as the treatment followed after-
wards. Banal traumatic injuries such as simple
skin erosions or muscle overuse with no
functional repercussion were not considered.

Injuries were defined according to Bahr &
Maehlum (2003) as any acute trauma or repetitive
stress associated to the physical activity involved by
sports practice either in competition or training
sessions which causes pain, dysfunction, pathology
or handicap. In addition, injury diagnosis and
anatomic location were also reported. In case of 2
or more injuries in the same sportsman, these were
recorded independently so as not to alter the final
calculation of reported injuries, as suggested by Bahr
& Maehlum (2003).

Injuries were classified into traumatic and overuse
lesions according to their mechanism, and as acute
and recurrent lesions according to the number of
registered episodes. Thus, an injury was considered
acute when registered for the first time. However,
relapse of previous episodes (i.e., the same kind of
injury at the same anatomic location within 2 months
after the treatment of the previous lesion) were then
considered as recurrent injuries (Ekstrand, 2008).

Injury severity was classified according to the
Abbreviated Injury Scale (AIS) as minor, moderate,
serious, severe, and critical (Joint Committee on
Injury Scaling, 1980).

Injury magnitude was valued in terms of days
off training or competition. The Ekstrand scale

1048 N. de Bernardo et al.

D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f V

al
en

ci
a]

 a
t 1

4:
44

 1
6 

Ju
ly

 2
01

2 



(23 points) (17) was used to classify injuries into
minor (injuries needing less than 7 days of rest),
moderate (7–28 days) and acute (over 28 days). To
perform these calculations, cyclists were considered
injured as long as medical services allowed no
participation in training sessions or competitions
(Ekstrand, 2008). Our interviews also focused on the
treatment applied to each injury, classifying it into
three categories: medical, physical therapy and
surgical treatment.

Statistical analysis

Results were analysed using standard descriptive
statistical data. Injury incidence was calculated as the
number of injuries/sportsman, injuries/sportsman/
year as well as injuries/sportsman/1000 h of cycling
(training or competition). The classifications and
scales of traumatic and overuse injuries were
compared by means of the chi-square test of
independence and Fisher’s exact test. Differences
were considered statistically significant if p5 0.05.

Results

Only 8 cyclists (15.6%) referred no injury during the
period of study. The remaining 43 cyclists reported a
total number of 112 lesions, out of which 9 were
unrelated to their sports practice and were therefore
excluded from this study. Out of the 103 cycling-
related injuries, 50 (48.5%) were due to trauma and
53 (51.5%) to overuse mechanisms. Globally, 22
racers (43.1%) presented both traumatic and overuse
lesions, 13 (25.5%) presented only traumatic lesions,
while 10 (19.6%) had overuse injuries only. The
injury-cyclist ratio was 2.39 (ranging 1–7), and 29
cyclists (67.4%) presented more than 1 lesion.

Anatomic location and lesion-causing activity

Regarding anatomic location by regions, Table I
shows that traumatic lesions affected shoulder girdle
more frequently (17 cases, 34%), followed by lower

(13 cases, 26%) and upper limbs (8 cases, 16%). Only
3 head injuries (6%) were reported. Overuse injuries
mostly affected lower limbs (knee, ankle and foot) (36
cases, 67.9%). There were 13 overuse lesions (24.6%)
located at the vertebral spine. The anatomic distribu-
tion of injuries by regions rendered statistically
significant differences as to the origin of injury (either
trauma or overuse) (chi-square: p50.001).

Overuse injuries develop gradually during training
and competition but apparently become manifest
more often (90.6%) in training sessions. Traumatic
lesions occurred preferably (64%) at competition
(Table II). The opposite ratio was observed in
competition: traumatic injuries (64%) were then more
common than those due to overuse (9.4%). This
distribution of traumatic and overuse lesions accord-
ing to the causing activity also rendered statistically
significant differences (chi-square: p50.001).

Traumatic injuries

Twenty-eight out of 50 lesions (56%) corresponded
to fractures; they were more frequently located at the
clavicle (11 cases, 22%) and upper limbs – elbow,
wrist and hand (8 cases, 16%) (Table III).

Table I. Distribution of injuries according to the anatomical region.

Anatomical

region

Traumatic

injuries n (%)

Overuse

injuries n (%)

Total

n (%)

Head 3 (6.1%) – 3 (2.9%)
Cervical spine – 3 (5.7%) 3 (2.9%)

Thoracic spine 4 (8%) 2 (3.8%) 6 (5.8%)

Lumbosacral 2(4,0%) 8 (15,1%) 10 (9,7%)

Shoulder girdle 17 (34,0%) 1 (1,9%) 18 (17,5%)
Hip 3 (6,0%) 2 (3,8%) 5 (4,9%)

Upper extremities 8 (16,0%) 1 (1,9%) 9 (8,7%)

Lower extremities 13 (26.0%) 36 (67,9%) 49 (47,6%)

Total 50 (100%) 53 (100%) 103 (100%)

Table II. Injury distribution according to the causing sport activity.

Sport activity

Traumatic

injuries n (%)

Overuse

injuries n (%) Total n (%)

Training 18 (36,0%) 48 (90,6%) 66 (64,1%)

Competition 32 (64,0%) 5 (9,4%) 37 (35,9%)

Total 50 (100%) 53 (100%) 103 (100%)

Table III. Clinical diagnosis of traumatic injuries. PCL: Posterior

cruciate ligament; MCL: Medial collateral ligament.

Clinical injury
diagnosis Anatomic location

Traumatic

injuries
n (%)

Fractures Clavicle 11 (22%)

Olecranon 3 (6%)

Wrist 4 (8%)
Finger 1 (2%)

Craneo-facial 3 (6%)

Ribs 4 (8%)
Spine 1 (2%)

Hip 1 (2%)

Ruptures PCL 1 (2%)

MCL 1 (2%)
Meniscus 3 (6%)

Muscle 1 (2%)

Laceration/contusion 10 (20%)

Sprain Ankle 2 (4%)
Dislocation Glenohumeral 3 (6%)

Others Postraumatic coccygodynea 1 (2%)

Total 50 (100%)

Injury risk in top-level road cyclist 1049
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Rib fractures were also found (4 cases, 8%). A high
frequency was also reported regarding lacerations and
contusions of certain clinical entity (10 cases, 20%).
Regarding injury occurrence, 92% of traumatic

lesions were considered acute. There were 4 cases of
recurrent clavicle fractures (Table IV). According to
the Abbreviated Injury Scale (AIS) (9), only 4 severe
traumatic injuries (8%) were reported (Table IV). As
to the period of inactivity, 12 lesions (24%) required
over 28 days of absence of training and competition.
All these lesions corresponded to fractures requiring
surgical treatment (Table IV).

Overuse injuries

Out of the 53 registered overuse injuries, 36 were
located in the lower limbs and 17 affected the knee
(32.1%). At this level, the iliotibial band friction
syndrome was the commonest injury (8 cases). Only
12 tendinopathies were registered: 5 cases of Achilles
tendinopathy, 3 cases of patellar tendinopathy, 3
cases of lateral hamstrings tendinopathy at distal
level, and 1 case of De Quervain’s tendovaginitis
(Table V). Only 3 cyclists referred undiagnosed
activity-limiting patellofemoral pain.
Most overuse injuries were contractures and

chronic muscle shortening (tensor fasciae latae
muscles, hamstring muscles, cervical and lumbar
paraspinal musculature, etc.) Muscle pathology in
the lower limbs meant 26.4% of overuse lesions. Out
of these, hamstrings contractures were the common-
est, followed by quadriceps contractures.
Regarding the injury triggering mechanism, 47

lesions (88.7% of overuse injuries) were recurrent
injuries (Table IV). Only 6 cases presented new
injuries along the period of study. A 94.2% (49/53)
of overuse injuries were considered minor or
moderate according to the AIS classification (Table
IV). As to the injury distribution, statistically
significant differences were observed between

traumatic and overuse lesions (chi-square:
p5 0.001).

Concerning forced inactivity, 42.7% of the con-
sidered injuries forced cyclists to suspend training
sessions and competition for at least 1 week. Only 4
lesions (7.5%) forced over-1-month suspension
(Table IV). This injury distribution showed statisti-
cally significant differences comparing to the trau-
matic injuries (chi-square: p5 0.001). A surgically
treated patellar tendinopathy forced the longest
period of inactivity (6 months).

Injury risk rates

Global injury risk rates were 0.54 per year/cyclist,
2.19 per cyclist during the period of study, and 0.018
per every 1,000 km covered in either training or
competition. Practically identical rates were obtained
for traumatic and overuse lesions (Table VI).

Discussion

The present study contributes the epidemiology of
the injuries suffered by a relatively large series of
currently active professional cyclists in the last 4

Table IV. Injury distribution according to the clinical onset, the
abbreviated injury scale (AIS) and the time period of absence of

competition.

Traumatic

injuries

Overuse

injuries Total

Clinical Onset

Acute 46 (92%) 6 (11.3%) 52 (50.5%)

Recurrent 4 (8%) 47 (88.7%) 51 (49.5%)

Abbreviated injury scale (AIS)

1 17 (34%) 49 (94.2%) 66 (64.7%)

2 29 (58%) 1 (1.9%) 30 (29.4%)

3 4 (8%) 2 (3,8%) 6 (5.9%)

Absence of competition (days)

1–7 12 (24%) 25 (47.2%) 37 (35.9%)
7–28 26 (52%) 24 (45.3%) 50 (48.5%)

More than 28 12 (24%) 4 (7.5%) 16 (15.5%)

Table V. Clinical diagnosis of the overuse injuries.

Overuse injuries

Knee 17 (32.1%)

Patellofemoral pathology 3 (5.8%)

Patellar tendinopathy 3 (5.8%)

Biceps femoris tendinopathy 3 (5.8%)
Ilio-tibial band syndrome 8 (14.4%)

Muscle Pathology 14 (26.4%)
Hamstrings contracture 6 (11.5%)

Pyramidal syndrome 1 (1.9%)

Gluteus major contracture 1 (1.9%)

Quadriceps contracture 4 (7.7%)
Triceps contracture 2 (3.8%)

Spine 14 (12.7%)

Mechanical low back pain 7 (13.5%)
Paraspinal Cervical muscles contracture 5 (9.6%)

Lumbar discopathy 2 (3.8%)

Other lesions 7 (12.7%)

Achilles tendinopathy 5 (9.6%)

D’Quervain tendovaginitis 1 (1.9%)

Dorsal midfoot ganglion 1 (1.9%)

Total 52 (100%)

Table VI. Exposure risk for traumatic and overuse injuries in elite

professional cycling riders.

Risk for Injury

Traumatic

injuries

Overuse

injuries

Total

risk

Per year/racer 0.245 0.259 0.504

Per racer 0.980 1.039 2.019

Per 1.000 km 0.008 0.010 0.018

Per day of competition/year 0.0034 0.0036 0.007
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years on average. Literature only comprises two
relevant studies providing epidemiological data on
the injuries suffered by professional road cycling
racers (Barrios et al., 1997; Clarsen et al., 2010). The
former comprises the injuries occurred between
1983 and 1995. At this time technical requirements
were not as sophisticated as nowadays, and training
programs were also not as demanding as in the
present time. The latter is more recent and focuses
on overuse injuries at low back level and anterior
knee pain in a specific season (Clarsen et al., 2010).
The questionnaires in this work were specifically
aimed at low back pain and knee injuries. Thus,
these pathologies may well have been oversized.
As to traumatic injuries, the ratio of fractures

obtained in our study was 27.2%, the upper limbs
being the most frequent location (67.8% of all
fractures). Particularly, the clavicle was the most
frequently affected bone, followed by carpal bones
and distal forearms. These findings are rather similar
to those obtained in a study from the mid-1970s on
amateur cyclists (Bohlmann, 1981). It must be
pointed out that our series includes a single lower
limb fracture affecting the hip region. Only 3 cases
reported traumatic head injury (without death risk).
During the time covering this study helmets were
mandatorily worn in all competitions. In fact, the
approval and observance of this regulation in top-
level cycling has considerably improved safety and
remarkably reduced serious traumatic head injuries
(Thompson & Patterson, 1998).
The highly frequent injuries at the scapulo-

humeral girdle and upper limbs may be due to the
falling mechanisms of these professionals. Competi-
tion is characterized by reduced reaction time in case
of fall or accident, thus the upper limbs are used to
make their body roll over their shoulder so as to
prevent their face and head from hitting the asphalt.
This mechanism makes the shoulder the first contact
point with the ground, thus exposing professional
cyclists to significantly higher risks of clavicle fracture
than non-competing cyclists. Strikingly, 64% of
fractures occur in competition, where group falls
are difficult to prevent or avoid due to the proximity
to the other racers.
A recent epidemiological study on 108 top-level

cyclists along one season revealed that 58.3% of the
studied individuals had suffered from overuse
injuries. However, only 17% of the cases were
reported as severe (Clarsen et al., 2010). In our
series, overuse injuries affected a slightly higher
percentage of cyclists (62.7%), but only 7.5% (4
cases) were considered severe, as they required over
28 days of forced inactivity. The data reported by
Clarsen et al. (2010) and those of the present work
differ from other epidemiological studies concerning
leisure cycling. In a series of 518 amateur cyclists,

85% of them developed overuse lesions, although
only 11% were considered severe (Wilber et al.
1995). The commonest anatomical location for
overuse injuries in the group of cyclists analysed by
Clarsen et al. (2010) was the cervical spine (49%),
knee (41%), pelvic girdle (36%), hands (31%), and
low back (30%). The authors refer that discomfort
and uneasiness at neck, pelvis, shoulder, elbow, and
ankle/foot level are not ordinarily taken into account
by professional cyclists due to their tolerance thresh-
old and are not therefore registered as overuse
injuries.

In our series, overuse injuries meant 51.5% of all
registered injuries. Unlike traumatic lesions, most
overuse injuries affected the lower limbs (67.9%). A
26.4% of the injuries at this level were contractures
or muscle shortening. Following Bahr’s criteria
(Bahr 2009), muscle contractures or shortening were
only considered as injuries when they limited racers
training and competition capacity for short periods of
time. Hamstring and quadriceps were the most
frequently affected muscle groups, thus highlighting
the physiological demands of these muscles in road
cycling (Watsford, Ditroilo, Fernández-Peña,
D’amen, & Lucertini, 2010). These thigh muscles
injuries (either anterior or posterior) only meant
6.4% of the cases in the study by Clarsen et al.
(2010). These data are in disagreement with the
figures found in the present study.

Regarding the diagnosis of muscle ‘contractures’
and ‘shortening or retractions’, some considerations
should be mentioned. Some people more familiar
with the physical conditioning world do not use the
same concept of muscle ‘contractures’ as clinicians,
and have difficulties to differentiate ‘contractures’
and ‘muscle shortening or retractions’. In some
sports, such as elite cycling, riders developed short-
ening of some muscle groups (iliopsoas, hamstrings)
due to maintained unphysiological positions during
cycling. These substantial muscle shortenings might
have important clinical implications on spine-pelvic
muscle imbalance. Curiously, Fuller’s injury typol-
ogy (Fuller et al. 2006) does not consider these
muscle retractions as sports lesions. Muscle ‘con-
tractures’ reflect a reversible shortening of the muscle
due to overuse, causing the so-called delayed-onset
muscle soreness. This clinical entity has been related
to microscopic muscle fibre damage induced mainly
by repeated eccentric muscle contractions. In our
experience, elite road cyclist showed a high number
of muscles ‘contractures’ presumably due to repeti-
tive eccentric and concentric exercise. ‘Contractures’
are therefore considered to be overuse injuries and
the incidence of these types of lesions deserves more
attention and should be mentioned in sports injury
surveillances. We suggest that the absence of
reporting this, as an overuse injury, may be more
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related with misdiagnosis than to lack of occurrence,
and may give a distorted and restricted picture of the
injury incidence.
Regarding knee overuse injuries, the most frequent

diagnosis in our series was the iliotibial band
syndrome, which was found in 8 out of 17 cases
(14.8%) in which this joint was involved. This agrees
with the increased interest in sports literature for this
pathology affecting road cyclist (Holmes, Pruitt, &
Whalen, 1993). However, in the most comprehen-
sive study on overuse injuries on professional road
cyclist so far published in the literature, Clarsen et al.
(2010) do not mention any reference to the iliotibial
band syndrome. One possible explanation could be
the misdiagnosis or underestimation of this clinical
entity by team physicians.
As to anterior knee pain, Clarsen et al. (2010)

reported symptoms related to this condition in 36%
of cyclist answering the questionnaire although only
26% required medical assistance. These authors
however did not specify the clinical diagnosis under-
lying anterior knee pain. In our series, the knee
complaints reached 32.1% of the interviewed racers.
Only 5.8% of the cases required medical assistance
due to anterior patellofemoral pain. This lower
incidence of anterior knee pain in our study can be
explained by the special attention paid by cycling
teams to training modifications and physical therapy
as soon as the earliest symptoms arise.
Another differential factor between top-level and

recreational cyclists is the duration of sports inactiv-
ity period that they need to overcome injuries. Wilber
et al. (1995) highlight that the recreational cyclists
who suffered from severe overuse injuries had to
interrupt their sports practice for 43 days on average
and that 14 cases abandoned cycling due to injuries.
Lower periods of forced inactivity were observed in
top-level cyclists who also had severe overuse
injuries. In our series, 92.5% of the injuries required
less than 4 weeks of inactivity. In this sense, our data
agree with the recent findings reported by Clarsen
et al. (2010). We certainly believe that the high
degree of motivation toward competition, as well as
improved medical and health assistance in profes-
sional cycling teams, concerned with health and
physical conditions, as well as multidisciplinary and
prevention works through early detection and injury
recovery, may well be key issues to reduce forced
inactivity periods in top-level cyclists. This is pointed
out by a study on elite British cyclists (Callaghan &
Jarvis, 1996).
Some limitations concerning the data collection

method and the injury registration should be
considered in the present study. This is a cross-
sectional study with retrospective data collection
using interviews that covered a long period of the
sport life of professional cyclist (2002–09; average 4

years). When working with elite athletes, it is really
hard for many of them to remember previous
injuries, especially the less severe ones. Therefore,
some recall bias must be launched in this study
making the true injury rates even higher than that
recorded. In injury surveillance research it would be
desirable to use a prospective design (Fuller et al.
2006; Bahr 2009), but it is not always possible. As
other authors have claimed (Clarsen et al. 2010), a
prospective injury register from a large group of top-
level cyclists is almost impossible due to the
individualized and highly variable international race
program, and the different countries in which cyclist
have their habitual residence. In such circumstances,
retrospective athlete interviews and data collection
provide a good coverage of injury occurrence,
obviously, with some missing data. Finally, although
retrospective injuries are prone to recall bias,
prospective registration does not always result in
more complete data, as shown in a recent study
among World Cup skiers and snowboarders (Flør-
enes, Nordsletten, Heir, & Bahr, 2011).

A second problem is the registration method as
regard the severity of overuse injuries. It is well known
that many elite athletes continue to participate their
training and competition despite pain and discomfort
(Bahr 2009). In our experience, some overuse inju-
ries such as neck and low back pain, and others
related to cycling position such as buttock com-
plaints, shoulder, wrist, ankle and foot discomfort,
are not usually taken into consideration by the cyclist
because they regard them as mild, familiar and not
disabling conditions, associated with highly compe-
titive races. Recent recommendations for recording
overuse injuries suggest that severity should be
measured based on functional level and not on time
loss from sports (Bahr 2009). Again, measuring
functional level after injury seems to be extremely
difficult in retrospective reviews. Therefore, the
method used for severity registration based on
absence of competition might not reflect the true
incidence and impact of these injuries on the per-
formance of these cyclists. However, the time-loss
definition is still the most commonly used in the
literature, almost without exception, thus permitting
comparison of data from other sports modalities
(Bahr 2009). In any case, time-loss definition cap-
tures the most relevant injuries, those that directly
influence the ability to take part in the races and
should be considered as still having relevant value.

Top-level cyclists present a high injury risk rate
(0.504 per year/cyclist) considering together both
traumatic and overuse injuries. This means that at
least one of each two cyclists is exposed to an injury
every season. In fact, a total of 84.4% of the cyclists
analysed in the present work presented at least one
injury during the analysed 4-year period. Traumatic
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and overuse injuries were evenly distributed. More
than two thirds of the traumatic injuries occur in the
upper extremity. Overuse injuries were frequent in
the lower extremities affecting 62.7% of cyclists
included in this series. The current study provides
relevant information on the injury occurrence in still
active top-level road cyclist. The impact of these
injuries on the cyclist functional level and perfor-
mance deserves further research.
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