
Dc\/IC\A/ A DTI/*I C Sports Med 20) 1; -11 (6): 463-476
KtVltW MKIICLC 0112-1642/1 l/CI006.0463/S4'5,96/0

© 2011 AdB Dato informafion BV, Aii rignts resmved.

Effects of Bicycle Saddle Height on Knee
Injury Risk and Cycling Performance
Rodrigo Bini}'^ Patria A. Hume^ and James L. Croft^

1 Sport Performance Research Institute ̂ ew Zealand, School of Sport and Recreation, Auckland University
of Technology, Auckland, New Zealand

2 CAPES Foundation, Ministry of Education of Brazil, Brasilia, Brazil

Contents

Abstract 463
1, Introduction 464
2, Literature Searcl^ Methodoiogy 465
3, Findings 465

3.1 Methods for Contiguring Saddie Heigint 465
3.1.1 Percentage of Lower Leg Length Methods 465
..1,2 Knee Angie Methods 469
..1,3 Comparing Methods 469

3.2 Effects of Bicycle Saddie Height Configuration on Cycling Performance 469
3.2.1 Cyciing Performance Time 470
3.2.2 Energy Expenditure/Oxygen Uptake (VO2) 470
3.2.3 Power Output 470
3.2.4 Cycling Economy (Power Output to VO2 Ratio) 470
3.2.5 Pedal Force Appiication 470

3.3 Effects of Bicycie Saddie Height Configuration on Knee Injury Risk 471
3.3.1 Lower Limb Kinematics 471
3.3.2 Knee Joint Forces and Moments 471
3.3.3 Muscle Mechanics and Activation Patterns 473

3.4 Limitations of the Cited Studies 474
3.5 Practical impiications and Recommendations 474

4, Conciusions 475

Abstract incorrect bicycle configuration may predispose athletes to injury and re-
duce their cycling performance. There is disagreement within scientific and
coaching communities regarding optimal configuration of bicycles for ath-
letes. This review summarizes literature on methods for determining bicycle
saddle height and the effects of bicycle saddle height on measures of cycling
performance and lower limb injury risk. Peer-reviewed journals, books,
theses and conference proceedings published since 1960 were searched using
MEDLINE, Scopus, ISI Web of Knowledge, EBSCO and Google Scholar
databases, resulting in 62 references being reviewed. Keywords searched in-
cluded 'body positioning", 'saddle', 'posture, 'cycling' and 'injury'. The review
revealed that methods for determining optimal saddle height are varied and
not well established, and have been based on relationships between saddle
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height and lower limb length (Hamley and Thomas, trochanteric length,
length from ischial tuberosity to floor, LeMond, heel methods) or a reference
range of knee joint flexion. There is limited information on the effects of
saddle height on lower limb injury risk (lower limb kinematics, knee joint
forces and moments and muscle mechanics), but more information on the
effects of saddle height on cycling performance (performance time, energy
expenditure/oxygen uptake, power output, pedal force application). Increas-
ing saddle height can cause increased shortening of the vastii muscle group,
but no change in hamstring length. Length and velocity of contraction in the
soleus seems to be more affected by saddle height than that in the gastro-
cnemius. The majority of evidence suggested that a 5% change in saddle
height affected knee joint kinematics by 35% and moments by 16%. Patello-
femoral compressive force seems to be inversely related to saddle height but
the effects on tibiofemoral forces are uncertain. Changes of less than 4% in
trochanteric length do not seem to affect injury risk or performance. The
main limitations from the reported studies are that different methods have
been employed for determining saddle height, small sample sizes have been
used, cyclists with low levels of expertise have mostly been evaluated and
different outcome variables have been measured. Given that the occurrence
of overuse knee joint pain is 50% in cyclists, future studies may focus on how
saddle height can be optimized to improve cycling performance and reduce
knee joint forces to reduce lower limb injury risk. On the basis of the con-
flicting evidence on the effects of saddle height changes on performance and
lower limb injury risk in cycling, we suggest the saddle height may be set using
the knee flexion angle method (25-30°) to reduce the risk of knee injuries and
to minimize oxygen uptake.

1. introduction

The increased popularity of cycling as a sport
and recreational activity has led to a higher in-
cidence of acute"-^l and overuset'*''' (90% and 85%,
respectively) injuries. Anterior knee pain will oc-
cur in 25% of the population sometime during
their life'-'̂ l and for cyclists, the knee joint is one of
the most affected by overuse injuries.'•*' Overuse
injuries can be a result of poor positioning on the
bicycle.'''Í However, there is disagreement within
scientific and coaching communities regarding
optimal configuration of bicycles for athletes.'''^

The most controversial aspect of configura-
tion of the bicycle is saddle height and, conse-
quently, this has been the focus of most studies
regarding body position on the bicycle.'^"' '̂  Never-
theless, cyclists often select the saddle position
relative to the pedals (and therefore crank) by
comfort rather than scientific knowledge. There

is concern that an improper position could lead to
joint overuse injuries,^'-! mainly those affecting
the knee joint.[^i On the other hand, most of the
strategies to prevent knee injuries based on the
configuration of bicycle components have not
been assessed by scientific research.!'-''

Wishv-Roth"''! recently indicated that under-
standing the geometry and research around op-
timal configuration of the bicycle components is
vital to maximize performance and minimize in-
jury for both recreation and elite cyclists. Most
guidelines reported in magazines are based on
empirical data, without guidance from scientific
experimental research. Sports medicine practi-
tioners need to be able to advise their athletes on
ways to reduce knee injury risk in cycling whilst
maintaining or improving cycling performance.
Therefore, an understanding of how saddle height
may be configured and the effects it has on knee
injury risk and cycling performance, are important
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for better prescription by the sports medicine
practitioner for bicycle configuration.

This review summarizes, for the sports medi-
cine practitioner, the hterature on methods for
determining bicycle saddle height configuration
and the effects of saddle height on cycling per-
formance (measured via performance time, energy
expenditure/oxygen uptake [VO2], power out-
put and pedal force application) and knee injury
risk measures (measured via lower limb kinemat-
ics, knee joint forces and moments, and muscle
mechanics).

2. Literature Searcti Methodology

Peer-reviewed journals, books, theses and con-
ference proceedings published since 1960 were
searched using MEDLINE, Scopus, ISI Web of
Knowledge, EBSCO and Google Scholar data-
bases. Keywords searched included 'body posi-
tioning', 'saddle', 'posture, 'cycling' and 'injury'.
Results were searched for the keyword "knee
joint' to locate studies regarding the effects of
saddle position on the knee joint. Articles were
excluded if they did not have at least an English
abstract, or if they were concerned with the anal-
ysis of different bicycle saddles, saddle pressure,
and/or the effects on erectile dysfunction, result-
ing in 62 references being reviewed.

3. Findings

Section 3.1 outlines methods for configuring
saddle height. Knowledge of the various methods
available is needed for interpretation of the two
following sections on the effects of bicycle saddle
height configuration on cycling performance
(section 3.2) and knee injury risk (section 3.3).
Sports medicine practitioners, coaches and cyclists
need to be aware of how changing seat height for
performance may influence injury risk and vice verxa.

Since initial investigations of saddle height on
physiology and performance,''^^ sports scientists
have been searching for the 'optimal' configuration
of bicycle components to increase performance and
prevent injuries.'**' A variety of methods have been
proposed, some of which are based upon scientific
studies and others on anecdotal experience. Some

methods, as in the following, are used for de-
termining saddle height are based on lower limb
length: (i) Hamley and Thomas;''^' (ii) trochan-
teric length;''*' (iii) length from ischial tuberosity
to fioor;"^' (iv) Greg LeMond;'"*' and (v) the heel
method.'''' A reference range of knee joint flexion
has been also used to set saddle height.'"*''^' Ex-
perimental studies (see table I) and reviews and
empirical-based articles (see table II) examin-
ing effects of saddle configuration have shown
that 'optimal' saddle height depends on the out-
come variable measured as follows: (i) cycling
performance time;''-''' (ii) energy expenditure/
VO2;'"''^' (iii) power output;'"' (iv) lower limb
kinematics;'^"'^•^"•^**' (v) pedal force applica-
tion;'^^'-^' (vi) knee joint forces and
and (vii) muscle

3.1 Methods for Configuring Saddle Heighf

This section outlines the various methods for
configuring saddle height. All measurements for
lower leg length of the cyclist have been taken in a
standing position unless otherwise indicated. For
a proper configuration, the saddle height measure-
ment must be completed with the crank in line with
the seat tube and the measurement taken from
the pedal surface to the top of the saddle. The use
of various saddle height methods and the effects
on performance or injury risk outcomes are con-
tained in subsequent sections.

3.1.1 Percentage of Lower Leg Length Methods

The inseam leg length, ischial and trochanteric
methods are all based on anthropométrie length
measurements of the lower leg for configuration
of saddle height.

Hamley and Thomas Method
The Hamley and Thomas''-^' method was prob-

ably the first research-based method. For a pro-
per set-up using this method (see figures 1 and 2a),
the saddle height must be set at 109% of inseam leg
length measurement.

Trochanteric Length Methad
The trochanteric length method (see figure 1)

uses the length from the most prominent bony
surface of the greater trochanter to the fioor.'""'

© 2011 Adis Data Ihformation BV. Ail rights reserved. Sports Med 2011.41 (6)



466 Bini et al.

•o g

1!l
Hi
o c 7-

ï S i

- s I I
I I o 8

•i --ö .^

o o
Qi

e
a
s
i

E

e
xh

o
ni

ta
n
t

o
n
s

ig
e

Cl}

oí
X
en
c

.à-

Ü

e
le

. le
s

m
at

S ö —
ra .2 'S

E .S

II
î
2

i l

I f

CO O J )

T3

CO

a
m

Ie
y

I

CD

1
'S
E

œ"

"ciï
T3
O

'S
E

c

e
g
re

e

Q

o
a
C3Ï

en

sr
e
e
n
t.

a

g 
le

n
g

a
n
d

 D

E
3
C

OJ

CD

Sî

a
'S
'S

1e
r

?
oD.

I
'S
o
a>

Q.

— 03
CD —T

c
C\J Cl)

0) >> >*
'n 9 V
E S S

O

.œ E
O) CO
c a>
CO CO

o S-S
CD -g g '

s.f

g «

fi

'S ií

•2
o
z

f,
o
(D
O )
CD

"c

e
rc

e

Ü

c
CD

1

Q

© 2011 Aciis Data intormation BV. Aii rights reserved. Sports Meed 2011; 41 (6)



Effects of Bicycle Saddle Height on Injury Risk and Performance 467

= to

2 :Ë Q- .b

* CM

1°

>. O JÏ

•5 ^ O ^
CD Ü cu . 9

%

ü ffl c

II

3
E

ils
i

CO

§

IE
Ô

c
0
c

•i

i-llti

s
CO

O)
c

cy
cl

i

• D

ai

bl
e

S

ta
n

1
11

th
e

n

0

1

l i f t
"S s E œ
o -g •= o

û . CO 1 ^ Q.

CO

£ ^

2 R

0

th
e 

i

0

X
0

b

c
c/}
ra
5

e-
e

ft " "'

J ¿ s
1 Í

o $
£ £

o 'S Q) o

(J II
CO e

© 2011 Adis Data Information BV, All rights reserved, Sports Med 2011; 41 (6)



468 Bini et al.

Table II, Summary of review- or empirical-based articles examining effects of saddle configuration

Study Method of setting saddle
height

Outcome measures Paper type Main results and notes

Burke and Pruitt'^'^l Heel, inseam leg length and Optimize power output and Book
LeMond methods, and reduce the risk ot injuries chapter
degree of knee joint angle

Silberman et al,I^'l LeMondl'^l and Holmes Optimize power output and Review
et ai,I'^l methods reduce the risk of injuries

Wanich et al,!^!

Holmes et aLi'

Borysewicz'^"'

Percentage of inseam leg
iength

Percentage of inseam leg
length

Degree of knee joint angle

Degree of knee joint angle

Percentage of trochanteric
length

De Vey Mestdagh'^"' Percentage of trochanteric
length or inseam leg length

Gregorl'2 Percentage ot trochanteric
length or inseam leg

Overview of overuse
problems and cycling
injuries

Biomechanical variables
related to cycling

Review

ReviewOverview ot overuse
problems and cycling
injuries

Clinical based analysis of Review
the common overuse
problems and cycling
injuries

Body positioning for cycling Magazine
article

VO2 Book
chapter

Optimize power output and Review
reduce the risk ot injuries

Review

Knee joint range method used 25-30°,
No recommendation for any of the tour
methods

Greg LeMond'^«' and Holmes et al,"«'
methods as possibilities for saddle
height configuration

109% of inseam leg to fit saddle height,
96% of the sum of shank and thigh
length as an alternative set for saddle
height. Saddle tore-aft adjust by the
knee to pedal axis (see figure 1b)
109% ot inseam leg method tor optimal
fitting of the saddie height

Minimal knee joint range 25-30° tor
minimizing knee joint load

Holmes et alJ'^' method but with knee
joint range 20-30°

Cyclists could minimize VOj setting
saddie height at 96% ot trochanteric
length

Nordeen-Snyderf'^l method optimai to
set the saddle height, use 100% of
trochanteric length or 107% ot the
inseam ieg

Saddie height affects knee joint
resultant force, muscle activity, joint
kinematics and muscle length

VO2 = oxygen uptake.

Settings of 100% of trochanteric length have been
reported,'"'^!

Length from ischial Tuberosity to Fioor Method
The length from the ischial tuberosity to the

floor method (see figure 1) is measured with the
cyclist standing and the distance taken between
the most prominent bony surface of the ischial tu-
berosity to the floor,['''l Settings of 113% of ischial
tuberosity to fioor length have been reported,''^'

LeMond Method
The Greg LeMond method '̂**! involves the

measurement of the inseam leg length and the con-
figuration of the saddle height based on 88,3% of
the distance between the top of the saddle and the
centre of the bottom bracket. This method (see

figures 1 and 2b) is based on the empirical ex-
perience of three-times Tour de France winner
Greg LeMond, It is important to note that this
method does not consider differences in the crank
length dimensions. Longer crank length (i,e, 5 mm)
results in lower pedalling cadence and smaller knee
flexion angle,P^l Further research may look at the
effects of crank length on performance variables
and on variables related to the risk of injuries,

Heei Method
The empirical heel method (see figure 3a) is

commonly used,''^' When the cyclist is seated on
the saddle, the knee must be fully extended when
the heel is on the pedal and the crank is in line
with the seat tube.

© 2011 Adis Data Information BV, Ail rigints reserved. Sports Med 2011:41 (6)
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3.1.2 Knee Angle Methods

Holmes et al. Method
The Holmes et al.''^' method (see figure 3b)

involves measurement of the knee angle flexed
when the pedal is at the bottom dead centre and the
cyclist is seated on the saddle, for 25° of fiexion for
chondromalacea and patellar tendinitis, between
25° and 30° of flexion for quadriceps tendinitis and
medial plica/medial patellofemoral ligament injury,
and between 30° and 35° of fiexion for iliotibial
band syndrome and biceps tendinitis.

Howard Methad
A variation of the Holmes et al.I"' method was

reported by Burke''**' as the Howard method, for
a knee angle of 30° with the pedal at the bottom
dead centre and the cyclist seated on the saddle.

Fig. 1. Examples of lower leg length measurements: (a) ischial
tuberosity; (b) trochanteric length: and (c) inseam leg length.

Similar to the Holmes et al.''''' method, the knee
angle measurement depends on the ankle angle.
Increasing ankle plantar flexion results in higher
knee fiexion angle.

3.1.3 Comparing Methods

Peveler et al.''^' compared the knee angle when
the pedal was in the bottom dead centre using
different methods. They observed that length-based
measures (Hamley and Thomas''"^' and LeMond'"*'
methods) did not ensure the same knee joint angle
range. Only 13 of 19 cyclists reached the desired
knee angle range (25-35°) using either method.
The reason is possibly because the length-based
methods do not take into account individual
variations in femur, tibia and foot length.'^^'

Review papers by De Vey Mestdagh,''"'
Silberman et al.'""' and Wanich et al.''' reported a
series of cycling posture adjustments for perfor-
mance improvement and injury prevention dur-
ing cycling based on measuring joint angles and
segment lengths, in relation to optimal references
from experimental research''"'"'^' and from em-
pirical knowledge. As reported by Peveler,'**' most
of the references for posture optimization on the
bicycle were based on empirical data and there-
fore we still do not have enough valid or reliable
scientific studies to determine which method is
the best. The knee fiexion angle method seems more
reasonable than the length methods for reducing
the risk of injuries and improving performance'**'
because it may standardize the kinematics of the
knee, which is one of the most affected joints in
terms of injuries in cycling,'"*' and one of the most
important for power production.'-•*'

3.2 Effects of Bicycle Saddle Height
Configuration on Cycling Performance

Since Hamley and Thomas''^' reported that
bicycle saddle height affected time to exhaustion
during constant workload cycling trials, studies
have investigated the effect of saddle height on
other parameters. In this section, we review studies
that have examined the effects of saddle height on
cycling performance measures (cycling performance
time, energy expenditure/VO2, power output and
pedal force application).

© 2011 Adis Data Information BV, Ali righfs reserved. Sports Med 2011; 41 (6)
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Fig. 2. Saddie-to-pedai axis distance used for (a) setting the saddie height by Hamley and Thomas,l'= l̂ trochanteric iength.i'i^l and length from
the iSchial tuberosity to the floorl'^1 methods and saddle to the centre of the bottom bracket distance; and (b) setting the saddle heiqht bv the
LeMond method.'^^1

3.2.1 Cycling Performance Time

There was only one study that investigated the
effects of saddle height on cycling performance
time. Hamley and Thomas''''' measured time to
exhaustion during constant load trials in the labor-
atory for 100 non-specified performers. A longer
time to exhaustion could be achieved when setting
the saddle height at 109% of the inseam leg length.

3.2.2 Energy Expenditure/Oxygen Uptaice (VO^)

There seems to be an optimal range of saddle
heights to minimize VO2 but studies differ on the
optimal saddle height configuration.''^"'^ Shennum
and DeVries''•'' and Nordeen-Snyder''^' reported
that a 5% reduction in saddle height resulted in a
5% increase in VO2. VO2 was minimized with
saddle height set between 100% and 103% of in-
seam leg length during steady-state cycling for
five healthy subjects.''^' and when set to 100% of
trochanteric length (about 107% of inseam leg
length) for ten healthy females.'"'' Borysewicz''''*'
reported lowest VO2 during 45 minutes of steady-
state cycling when the saddle height was set at 96%
of trochanteric length. VO2 during steady-state cy-
cling has been reported as significantly lower for
25° knee angle at the bottom dead centre than for
35° knee angle at the bottom dead centre and 109%
of inseam leg length conditions.'**'

3.2.3 Power Output

The effects of saddle height on power output
and subsequent increased cycling performance

have been observed in anaerobic exercises,'^^'
with suggested increased power output at higher
saddle positions, compared with aerobic cy-
cling.'"] Few studies on saddle height changes
could be included for this topic because power
output was set as an independent variable with
focus on the measurement of physiological vari-
ables (i.e. VO2)."^-'^J

3.2.4 Cycling Economy (Power Output to VO2 Ratio)

Cycling economy is an important perfor-
mance predictor because it indicates the ratio
between power output and VO2.'̂ *'l The majority
of research on saddle height evaluated economy
based on steady state cycling (i.e. fixed power
output) and effects on V02.''^'''' ' Peveler and
Green'**-"' observed the effects of different saddle
height configuration on cycling economy based
on VO2 measurement during steady-state cyc-
ling, with optimal results when setting the saddle
height as 25° of knee angle. Price and Donne'"'
reported that with power output fixed at 200 W,
economy was better with seat height at either 96%
or 100% of trochanteric length compared with
104%.

3.2.5 Pedal Force Appiication

Any reladonship between maximal perfor-
mance and saddle height depends on the optimi-
zation of pedal force application.'"^ Changing
saddle height can affect the ankle angle," ̂ •22.28.29]
which works as a link between the force produced

© 2011 Adis Data Information BV. All rights reserved. Sports Med 2011; 41 (6)
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in the hip and knee joints and the crank.'
Ericson and Nisell'-^' found no significant effects
on the force transferred from the pedal to the crank
generating propulsive torque for pedal forces
irom six recreational cyclists at different saddle
heights. Pedalling technique, based on effective
pedal force applicatioti of trained cyclists, com-
pared with recreational cyclists, may be more
sensitive to changes in saddle height.'̂ •̂-̂ **1

In summary, when the saddle height is set at
96-100% of the trochanteric leg lengtht""'"' or
using the knee flexion angle (25°),'**' reduced VOT
and higher economy were observed. Moreover,
when the saddle height is set to 109% of the inseam
leg length ( s 102% of the trochanteric leg length),
performance time during a time-to-exhaustion
test is optimized.'"' On the other hand, no sub-
stantial effects in pedal force were found when
changing the saddle height.'-^'

3.3 Effects ot Bicycie Saddie Heigiit
Configuration on Knee Injury Risk

One of the main reasons for the prevalence of
knee injuries in cyclists is the relationship be-
tween knee joint forces and kinematics.'•"' In this
section are studies that have examined the effects
of saddle height on knee injury risk measures
(lower limb kinematics, knee joint forces and
moments and muscle mechanics).

3.3.1 Lower Limb Kinematics

Most studies regarding cycling lower limb ki-
nematics have focused on sagittal plane move-
ment.'^'"'''^1 Typical ranges of motion of these
joints in the sagittal plane are 45° for hip angle
(from the thigh parallel to the horizontal axis),
75° Tor knee angle (25-100° of knee flexion angle),
and 20° for ankle angle (about ±10° from the
neutral ankle position).''*-' Saddle height affects
lower limb kinematics of the ankle,''^•-"•-**-''l the
knee'" '^ ' or both the ankle and knee.'^''^) Hip
and ankle joint angles are most affected by the
kinematic method of measurement (i.e. 2-dimen-
sional vs 3-dimensional [3-D]).'''-'' The lower limb
also moves inward in the frontal plane and this
movement is affected by saddle height.''*'*'

Between 4% and 5% change (increase or de-
crease) in saddle height resulted in a 25%'^' change in
knee range ol inotion and a 40%''*"' reduction in knee
joint angle when the pedal was at the bottom dead
centre and a 25%'' '' to 51%'^' change in the maximal
ankle angle. Changes in joint range of motion cause
changes in muscle length'^' and in moment amis'^''
of the active muscles and force production.

3.3.2 Knee Joint Forces and Moments

During stationary cycling, maximal compres-
sive force on the patellofemoral joint has been
estimated to be between 800 N (riding at 75 W

Fig. 3. Saddle height configuration based on (a) the heel method; and (b) the Holmes et al.''^' and the Howard''^' methods.

•a 2011 Adis Data Intormation BV. Aii rights reserved. Sports Med 2011:41 (6)
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and 70 revolutions per minute [rpm]) and 1500N
(riding at 157 W and 80 rpm),'"" •''•'̂ •''̂ 1 Assuming a
contact area between the patella and the femur of
0,026 m^'''^' and a peak force of 1500N on the
patellofemoral joint,'"*'' we can achieve 30 MPa of
pressure at the cartilage, which is above the re-
ported physiological load,'"***'

Three studies have reported compressive forces
on the patellofemoral joint during cycling,''*'''^-''^'
Ericson and Nisell''''*' developed a kinetic model
that estimated from trigonometric procedures the
patellofemoral compressive forces during cycling.
Using three saddle heights (102%, 113% and 120%
from the ischial tuberosity to the floor), they
showed that compressive force was inversely re-
lated to saddle height, Bressel'"*'' showed that
backward pedalling resulted in a shift in the lo-
cation of peak pedal force to a more flexed knee
angle, which increased patellofemoral compres-
sive force, Neptune and Kautz'"* '̂ described that
reverse cycling has been used in rehabilitation.
However, Bressel''*'' reported that it can increase
patellofemoral compressive force by producing
higher knee flexion angles when peak force is
applied on the pedal. This example highlights the
relationship between joint kinematics and pa-
tellofemoral compressive load,

Neptune and Kautz's'"*^' muscle-skeletal model
results agreed with Bressel's'"*'' results of increas-
ed patellofemoral compressive force during
backward pedalling. However, for a very similar
workload ( s 150 W), Neptune and Kautz''*''' ob-
served lower peak patellofemoral compressive force.
This result suggested that a musculo-skeletal model
improved the analysis of knee joint forces, com-
pared with the kinetic model, because it included
the effects co-contraction of the knee joint mus-
cles. During cycling, the knee joint flexors pro-
vide an important contribution to knee extension,
which could reduce the compressive patellofe-
moral force by co-contraction,''"'

Tibiofemoral forces are important because
compressive forces on the menisci and the shear
forces on the anterior and the posterior ligaments
of the knee have been linked with injury,'"* '̂ Ruby
et al,''*''' used a 3-D kinetic model of the knee to
report compressive tibiofemoral forces and ante-
rior shear forces on the knee throughout the

crank cycle. This was the first study to report
medio-lateral forces on the knee and rotational
moments around the long axis of the tibia, and
their results led to the analysis of cycling as a 3-D
movement. However, we could not find studies
reporting the effects of different saddle heights on
the 3-D forces and moments of the knee joint,

Ericson and Nisell'-'"'' reported that saddle
height followed an inverse relationship with tibio-
femoral compressive force and shear force for
six healthy subjects riding in a constant load trial,
McCoy and Gregor'-^' reported no effects of
saddle height on the compressive force of the ti-
biofemoral joint for ten male subjects riding at
200 W of power output and 80 rpm of pedalling
cadence. When in vivo forces on the anterior
cruciate ligament were compared at three levels
of workload (75, 125 and 175 W) and two pedal-
ling cadences for eight subjects,'-^-' there were no
significant differences in peak anterior cruciate
ligament strain in any situation. Therefore, cycling
can be useful in rehabilitation exercise program-
mes because of the low strain imposed on the
anterior cruciate ligament. One study found that
backward pedalling can increase the shear com-
ponent and reduce the compressive component at
the tibiofemoral joint,''^''1 Patients with menisci
damage may be better off pedalling backwards,
while patients with patellofemoral disorders or
ligaments (anterior and/or posterior cruciate liga-
ments) injuries should avoid pedalling backwards.

The complex relationship between joints af-
fects changes in lower limb joint moments. In-
creased extensor moments and reduced flexor
moments were observed when saddle height was
at a low position (102% of ischial tuberosity to
the medial malleolus'- '̂] QJ. 94% ^f jĵ g |gg length).'-" '̂
The opposite behaviour was observed with a high
saddle (120% of the ischial tuberosity) compared
with the average position (113% of the ischial
tuberosity),'^^' and for the 106% of the leg length
compared with the average position (100%),'2^1 For
the ankle joint, Sanderson and Amoroso'''' re-
ported increased peak extensor moment with a low
saddle and decreased peak extensor moment when
the saddle was raised from the reference position.

Regardless of some discrepancies between
studies, it seems that a 5% change in saddle height

© 2011 Adis Dafa Information BV. Ali righfs reserved. SporfsMed201I:41 (6)
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affects force production and joint moments, joint
angles and muscle length. Knee joint angle and
moment are strongly affected by saddle height but
the optimal saddle height is still unclear because
different methods have been used to measure angles
and moments. Moreover, Umberger and Martini"*-*!
and Sanderson and Amoroso'^' reported that cy-
chsts chose an average of 104% and 102%, re-
spectively, of the trochanteric length as the saddle
height, which suggests that cyclists in these stu-
dies would have adapted to a different position
than one that could minimize joint moments
(97% of trochanteric length for Gonzalez and
Hull[241) or V02,l"l As previously observed by
Herzog et al,'^^' and Savelberg and Meijer,'- '̂'' long-
term adaptations of training can affect the muscle
force-length relationship. These adaptations in-
crease the variability of the results and make it
difficult to assess the contribution of adapted
position. Only Umberger and Martin'''-^' and
Sanderson and Amoroso'^' reported the preferred
saddle heights of their cyclists.

Few studies have estimated knee joint forces
during cycling with changes in saddle height, and
some controversial results have emerged from the
reviewed research,í^-^- '̂í For the patellofemoral
joint, an inverse relationship was observed in one
study''''^' while for the tibiofemoral joint, con-
troversial results have been reported,'*^'^'l Joint
kinematics and moments results have had differ-
ent outcomes,t"'*-''-^**' Joint kinematics and mo-
ments also seem to depend on cycling expertise,
which compromises comparison between stu-
jjjg^ [11,16,20,28] Therefore, we do not have enough
evidence to define 'optimal' saddle height based
on the results of knee joint forces or joint kine-
matics. If the aim is to minimize the risk of pa-
tellofemoral joint injuries, the inverse relation-
ship between saddle height and patellofemoral
compressive force may be used as a reference,

3.3.3 Muscle Mectianics and Activation Patterns

The effects of muscle length on force produc-
tion have been a focus of much sports science
research,[^-''1 Direct measurement of muscle length
is usually not possible for ethical reasons, but
indirect measurements using ultrasound,'^^'^'^ or
anthropométrie models'̂ **! have been used to es-

timate fascicle length and its effect on force pro-
duction in sports,l^" '̂ Grieve et al,''**' proposed
anthropométrie methods based on cadaver mea-
surements of the muscle-tendon unit length while
Frigo and Pedotti'^"' reported a model to estimate
muscle-tendon unit length based on the line of
action of lower limb muscles. Both studies re-
ported relationships between predicted muscle
length and kinematics, which allow the estima-
tion of muscle length during dynamic situations.

Some studies'^-'•^'^1 have proposed measuring
kinematics to infer muscle length during cycling.
The force production and the magnitude of joint
load depend on muscle length, Rugg and GregoH" '̂'
observed in five cyclists pedalling at 90 rpm of
cadence that increasing saddle height resulted in
increased shortening of the vastii group, but no
significant change in the hamstring group, possi-
bly due to its bi-articulate attachment, Sanderson
and Amorosof^ applied the model of Grieve et al,'''**'
to evaluate the effects of three different saddle
heights on gastrocnemius and soleus, Gastro-
cnemius and soleus muscles operated in different
length ranges when saddle height was raised 5%
and lowered 10% from the preferred saddle
height. Length and velocity of contraction in the
soleus was more affected by saddle height than
that in the gastrocnemius, with greatest changes
occurring when the saddle height was raised 5%
from the preferred position, Gastrocnemius length
seemed to be affected by the combination of ankle
and knee joint kinematics. These results extend
previous data with similar experimental design,''-'

There is inconclusive information on muscle-
length behaviour during dynamic situations,'-'"'''
Computational models have been used to estimate
muscle force production and length of shortening
during cycling,'^'''-' but these models have not
been used to investigate saddle height changes.
Future simulations of muscle-length force pro-
duction during cycling at different saddle heights
would add important information regarding the
best saddle height for muscle force production.

Given the changes in muscle length that occur
with changes in saddle height, it is likely that
neural drive to control muscle force would also
change. Muscle force and joint load also depends
on neural drive. The first report of changes in
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muscle activation at different saddle heights was
by Houtz and Fischer,'""'' who observed increased
muscle activation when the saddle was reduced 15%
from the reference position. Houtz and Fischer's
study,'-^"' and later studies,'-"-^**' have been con-
ducted with a limited numbers of subjects, which
does not allow results to be generalized to the
population. Jorge and Hull'-^' found increased
quadricep and hamstring activation with saddle
height set at 95% of trochanteric length compared
with 100%. For high saddle height based on the
ischial tuberosity to fioor height, Ericson et al.'^*'
found that the semi-membranosus and gastro-
cnemius medialis had increased activation for
six healthy subjects, which was subsequently con-
firmed by Sanderson and Amoroso'''' for 13 trained
female cyclists. The differences may be related to
the preparation of surface electromyography or
to the pedalling skills of the subjects (i.e. trained
cyclists or healthy subjects). There was also a re-
port that muscle timing (i.e. onset and offset)
would be modified by saddle height;''-' however,
there is still no conclusive evidence. Currently, we
cannot define an optimal saddle height for im-
proving performance or preventing injuries using
evidence from muscle activity studies.

3,4 Limitations of the Cited Studies

There are many limitations in the research
studies reviewed. The different approaches for
setting saddle height made it difficult to com-
pare results between studies. Only Shennum and
DeVries''^' reported their results of VOT with
comparison to other methods, while Peveler
et al.'^' highlighted the differences in the knee
joint angle using different methods to configure
the saddle height.

Sample size ranged from 3'-̂ °' to 100.''^' Ex-
pertise of the subjects ranged from trained road
cyclists'"' to healthy non-cyclists''^'''•-''•2''' to
mixed levels of cycling experience.'**' It is possible
that experienced cyclists adapt to a specific posi-
tion as a result of the time spent training. Such
adaptation may be less marked for recreational
cyclists or those that ride in multiple positions
(e.g. triathletes). However, we could not find any
studies that had a focus on training cyclists to ride

at different saddle heights and measured the dif-
ferences in performance.

Different outcome variables were analysed to
indicate the effects of optimal saddle height for
injury prevention and performance optimization.
Most studies did not report the sensitivity or
variability of these variables to changes in saddle
height. It is possible that different positions are
optimal for performance versus injury preven-
tion. The magnitude of the differences in some
studies'^-"' was too small (effects sizes 0.07-^).20),
so it was unclear how substantial the changes
were in the studies.

If we consider previously reported optimal
settings for saddle height (96-100% of trochan-
teric length) and we use the 'optimal" setting of
the saddle to the bottom bracket length (0.773 m)
and crank length (0.191 m) reported by Gonzalez
and Hull,'-̂ '*' (resulting in a saddle height of
0.964 m) for a subject 177.8 cm tall, cycling al
90 rpm, our 'optimal range' for the saddle height
will be between ^0.925 m and 0.964 m. This différ-
ence of =4 cm is more than any experienced cyclist
would consider, and a 4% difference in saddle
height would result in - 5 % change in VO2.'"''

Most methods of setting saddle height resulted
in different joint kinematics, which would affect
joint forces and increase risk of injury.'^'

3.5 Practicai impiications and
Recommendations

The configuration of the bicycle saddle height
is not standardized in relation to the methods
that can be used for this configuration. The opti-
mal reference for each method is not well defined
and a wide range (i.e. 96-100% of the trochan-
teric length to the floor) used for performance
optimization has been proposed. Evidence for
performance improvements has led to using the
knee joint angle method from Holmes et al.'''^' ra-
ther than the leg length methods.'**' Future studies
may focus on the effects of previous training
adaptation on the optimal reference for the knee
angle for setting the bicycle saddle height.

Given the limitations of the research studies
reviewed, sports medicine practitioners are en-
couraged to advise their cycling athletes to con-
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figure their bicycle using the Holmes et al.'''^'
method, which involves the measurement of the
knee angle when the pedal is at the bottom dead
centre. For proper configuration of the saddle
height using this method, the knee must be fiexed
between 25° and 30°, which has been related to
lowering the knee joint load''"' and improving cy-
cling economy.'^'

4. Conclusions

Methods for determining optimal saddle height
are varied and have not been comprehensively
compared using experimental research studies.
There is limited information on the effects of
saddle height on lower limb injury risk, but more
information on the effects of saddle height and
cycling performance. The range of 25-30° of knee
fiexion has been advocated to reduce the risk of
knee injuries and minimize VO2. Given that over-
use knee joint injury is common in cyclists, future
studies should determine how saddle height can
be optimized to improve cycling performance and
reduce knee joint forces to reduce lower limb in-
jury risk.
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