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Comparison of static and dynamic methods
based on knee kinematics
to determine optimal saddle height in cycling
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Purpose: Bike-fitting methods based on knee kinematics have been proposed to determine optimal saddle height. The Holmes
method recommends that knee angle be between 25° and 35° when the pedal is at bottom dead centre in static. Other authors advocate
knee angle of 30—40° during maximum knee extension while pedalling. Although knee angle would be 5-10° greater at bottom dead
centre during pedalling, no study has reported reference values in this condition. The purpose of this study was to compare these three
methodologies on knee, hip, and ankle angles and to develop new dynamic reference range at bottom dead centre. Methods: Twenty-six
cyclists volunteered for this experiment and performed a pedalling test on their personal road or mountain bike. Knee, hip, and ankle
angles were assessed by two-dimensional video analysis. Results: Dynamic knee angle was 8° significantly greater than static knee angle
when the pedal was at bottom dead centre. Moreover, dynamic knee angle with the pedal at bottom dead centre was 3° significantly
greater than dynamic knee angle during maximum knee extension. The chosen methodology also significantly impacted hip and ankle
angles under most conditions. Conclusions: The results allow us to suggest a new range of 33—43° when the pedal is at bottom dead
centre during pedalling. Thus, this study defines clearly the different ranges to determine optimal saddle height in cycling according to
the condition of measurement. These findings are important for researchers and bike-fitting professionals to avoid saddle height adjust-

ment errors that can affect cyclists’ health and performance.
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1. Introduction

Cycling is considered as a popular recreational and
sport activity and is also recommended for health and
rehabilitation programs [17]. For a beneficial practice,
the optimisation of the cyclist’s position is essential.
Saddle height, corresponding to the measure between
the centre of the bottom bracket to the top of the sad-
dle measured in alignment with the seat tube, is con-
sidered as one of the most important variables of the
cyclist’s position [11]. Proper saddle height has been
suggested to prevent overuse injuries improving pedal-
ling biomechanics [4], [16]. That implies optimisation
of muscular activity [28] and joint kinematics [23], and
thus a reduction of joint mechanical work contribu-

tion [3]. Moreover, saddle height impacts cycling per-
formance and particularly physiological parameters
[9]-[14] and crank power output production [20].
Finally, a proper saddle height is essential for the bike
handling [12], the comfort [19]-[28] and the percep-
tion of fatigue and pain while cycling [25]. However,
there is some controversy between the proposed
methods to adjust the saddle height [4].

On the one hand, bike fitting methods based on
inseam length (IL, distance from the ischium to the
ground, Fig. 1) have been purposed to determine opti-
mal saddle height. The Genzling method suggests
multiplying the IL by 88.5% [13] and the Hamley
method by 109% minus crank arm length [14] to op-
timise power output production. Recently, Millour,
Duc, Puel, and Bertucci [19] advised using the Genzling
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method for long IL (>0.88 m), the Hamley method for
short IL (<0.80 m) and one or the other for people
with an inseam length between 0.80 m and 0.88 m in
order to optimise the joint angles and the comfort. On
the other hand, kinematic methods based on knee an-
gle (KA: angle between the thigh and the leg; 0° cor-
responds to full knee extension) have been developed
for assessing the optimal saddle height to prevent
injuries and to increase performance. They are consid-
ered accurate because they take the differences in thigh,
shank and foot length between individuals into account
[6]. Among them, the Holmes method recommends to
use a saddle height that involves a KA of 25-35° when
the pedal is at bottom dead centre (BDC), i.e., the
lowest point of the crank cycle, without pedalling
(static BDC) for injury prevention [16]. More re-
cently, the authors recommended a knee angle of 25°
while static BDC for both submaximal cycling econ-
omy and anaerobic power production [20], [21]. Op-
timisation of saddle height based on KA while pedal-
ling (i.e., dynamic condition), which can be evaluated
by two-dimensional video analysis [9], [11], [23], is
more and more frequently used to respect usual prac-
tice conditions [10], [11]. KA measured at BDC in
dynamic condition (Dynamic BDC) would be 5° to
10° higher than during static condition due to the lat-
eral pelvic tilt [8], or the increase of ankle angle (an-
gle between the leg and the foot) [6], [15],[22] and the
decrease of hip angle (angle between the thigh and the
horizontal) [6]. However, no specific angle range has
been suggested in this condition of measurement.
Based on the previous studies which observed differ-
ences between Static BDC and Dynamic BDC, the
Ferrer—Roca method suggests using a saddle height
that induces a KA in the range of 30—40° while ped-
alling at maximum knee extension (Dynamic MKE)
which occurs when the crank arm is parallel to the
seat tube [10]. It is relevant to note that the lower
limb is fully extended in this condition, which is not
the case during Dynamic BDC due to the seat tube
angle of the road bikes between 72 and 74° [23] that
could impact lower limb joint angles. Therefore, the
lack of recommendations for optimal KA during
pedalling [15]-[22] could lead to misinterpretations
for cyclists, researchers and bike-fitting profession-
als. Indeed, the difference of KA between Dynamic
BDC and the ranges of 25-35° while Static BDC and
30-40° during Dynamic MKE is unclear and needs
to be examined in order to avoid saddle height ad-
justment errors related to the methodology used.
Given the impact of saddle height on performance,
health, comfort, and bike handling, it seems therefore
essential to compare the various methods and to de-

velop independent dynamic reference values for dy-
namic BDC [15].

The purpose of this study was to compare lower
limb joint angles with optimal saddle height com-
puted with the Millour method [17] during 1) Static
BDC, 2) Dynamic MKE while submaximal pedal-
ling, and 3) Dynamic BDC while submaximal pedal-
ling. The hypothesis was that the measurement condi-
tion for similar saddle height implies different KA due
to a modification of lower limb kinematics in its en-
tirety and that Dynamic BDC needs an independent
optimal range of knee angle for saddle height adjust-
ment.

2. Materials and methods

Subjects

Twenty-six male cyclists, aged 9 to 53 years, were
recruited (Mean = SD: 27 + 15 years old, 1.70 = 0.18 m,
61.8 = 20.5 kg). Their training status was from rec-
reational to competitive road cyclists [26]. They had
not reported any injuries or asymmetry between the
two legs that can impact the joint kinematics during
pedalling. After having been informed of the risks and
benefits of the study, the cyclists, or the parents of the
minors, provided an informed consent. The study was
approved by the University of Reims Champagne-
Ardenne’s biomedical research ethics committee in
accordance with the Declaration of Helsinki. During
the tests, participants used their personal road bike or
mountain bike (according to their specialities) with
a seat tube angle between 72 and 75°, their cycling
shoes and their clipless pedals in order to reproduce
usual practice conditions. Saddle height was com-
puted with the Hamley method (equal to 109% of IL
minus crank arm length) for children with IL lower
than 0.80 m and with the Genzling method (equal to
85% of IL) for adults with IL greater than 0.80 m
[19]. Prior to the experiment, the inseam length (IL)
of each participant was measured with a ML Size®
device (Morphologics, Saint-Malo, France, Fig. 1),
that provides measurements to 1 mm through mobile
sensors (AS5304, ams AG, Premstaetten, Austria) con-
nected by Bluetooth transmission to a tablet computer.
IL of children (IL < 0.80 m) and adults (IL > 0.80 m)
were 0.708 £ 0.034 m and 0.884 = 0.041 m, respec-
tively, and their bicycle crank arm lengths were 0.168
+ 0.007 m and 0.173 £ 0.002 m, respectively. The
saddle fore-aft position, which corresponds to the
horizontal distance between the front tip of the saddle
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and the centre of the bottom bracket, was adjusted
using the Silberman method [27] by aligning the infe-
rior pole of the patella directly over the pedal axle.
The longitudinal cleat position was standardised by
aligning the centre of the cleat with the first metatarsal
head using a ML Cleat” tool (Morphologics, Saint-
Malo, France) for controlling the impact of this factor
on joint angles [7].

performances,

la position

Inseam
length

Fig. 1. Inseam length measurement with the ML Size®

Procedures

The bike of each cyclist was mounted on a Cyclus 2"
electromagnetic brake ergometer (RBM elektronik-auto-

mation GmbH, Leipzig, Germany) enabling the con-
trol of crank power output and pedalling cadence. The
participants pedalled at 100 W and 80 rpm for a dura-
tion of 3 minutes. Power output and pedalling cadence
were kept constant throughout the pedalling exercise
to reduce the influence of these parameters on the
sagittal plane joint angles [2]-[22]. Joint kinematics
was measured at 60 Hz during 5 seconds prior to ped-
alling exercise in static position with pedal at BDC
and for 15 consecutive crank cycles during the last
minute of the pedalling exercise by a high-resolution
digital camera (Go Pro Hero 3®, San Mateo, Califor-
nia, USA, 1280 x 1080 pixels of resolution) which
was positioned at 4 m and perpendicular to the cyclist
[11]. Reflective markers were prior placed on the
greater trochanter, lateral femoral epicondyle, lateral
malleolus, and fifth metatarsal head of the left lower
limb by the same experimenter for all cyclists to re-
duce inter-experimenter variability [23]. Kinematic data
were extracted and analysed with kinematics analysis
software (Kinovea V0.8.24, Kinovea open source proj-
ect, www.kinovea.org). A correction of parallax and
a correction of distortion were made using this soft-
ware. KA, HA (angle between the thigh and the verti-
cal) and AA (angle between the leg and the foot;
0° corresponds to full ankle extension) were measured
when the pedal was at BDC in static condition and
during pedalling (Fig. 2A), as well as while maximum
knee extension during pedalling (Fig. 2B).

Statistical analysis

Data are reported in table 1 as mean + SD and 95%
confidence intervals of mean difference (95% CI).

Fig. 2. Typical values of hip angle (HA), knee angle (KA) and ankle angle (AA) measured while pedalling
with optimal saddle height (assessed by the Millour method) when the pedal was at BDC (A)
and during maximal knee extension (B) (GoPro® images displayed in Kinovea® software)
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Statistical analysis was carried out using Past Software
(PAlacontological STatistics, Oslo, Norway). Normal-
ity of distribution and homogeneity of the variances
were tested using Shapiro—Wilk and Levene tests, re-
spectively. A one-way ANOVA with repeated meas-
ures, or Friedman non-parametric statistical tests,
in the case of non-homogeneity of the variances or
non-normality of the distribution, were used to com-
pare the means of KA, AA and HA with the three
measurement methods for the total population, the
group of children (IL < 0.80 m) and the group of
adults (IL > 0.80 m). Fisher’s LSD tests, as post-hoc
tests for ANOVA, or pairwise Wilcoxon tests, as
post-hoc tests for Friedman tests, were used to es-
tablish statistical differences between the measure-
ment conditions. The significance level was estab-
lished to p < 0.05 for all statistical tests. Effect sizes
(ES) were computed by the ratio of mean to standard
deviation in score differences when significant dif-
ferences were found.

3. Results

In Table 1, KA, HA, and AA values measured for
all participants, the children and the adults in the three
measurement conditions are shown.

For the total population, KA measured during
Static BDC was respectively by 8 and 5° lower than
KA measured while Dynamic BDC (ES = 1.1, 95% CI
[5.6, 12.0°]) and while Dynamic MKE (ES = 0.7,
95% CI [2.5, 9.0°]). Dynamic BDC increased sig-
nificantly KA by 3°, compared to Dynamic MKE
(ES = 2.5, 95% CI [2.6, 3.5°]). Significant differ-
ences were also observed for hip and ankle kinemat-
ics. HA measured during Static BDC was by 5° lower
than Dynamic BDC (ES = 1.2, 95% CI [3.3, 6.7°])
and by 7° lower than Dynamic MKE (ES = 1.5, 95% CI
[4.9, 8.4°]). HA measured while Dynamic MKE was
by 2° greater than Dynamic BDC (ES = 2.1, 95% CI
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[1.4, 2.0°]). AA measured during Static BDC was
by 7° higher than Dynamic BDC (ES = 1.2, 95% CI
[4.2, 8.3°]) and by 7° higher than Dynamic MKE
(ES = 1.2, 95% CI [4.6, 8.9°]). However, AA while
Dynamic BDC was equivalent to measurements dur-
ing Dynamic MKE.

For children (IL < 0.80 m), KA measured while
Static BDC was respectively inferior by 12 and 9° com-
pared to Dynamic BDC (ES = 1.2, 95% CI [8.3, 16.5°])
and Dynamic MKE (ES = 0.9, 95% CI [5.6, 13.9°)).
Thus, difference between the two dynamic conditions
was 3° (ES = 3.6, 95% CI [2.4, 3°]). In regards to hip
kinematics, HA measured during Static BDC was by 6
and 8° lower than during Dynamic BDC (ES = 1.1,
95% CI [4.3, 8.7°]) and Dynamic MKE (ES = 14,
95% CI [6.0, 10.8°]), respectively, while the difference
between Dynamic BDC and Dynamic MKE was 2°
(ES = 2.2, 95% CI [1.6, 2.3°]). With respect to ankle
kinematics, Static BDC increased AA by 6° compared
to Dynamic BDC (ES = 1.0, 95% CI [4.1, 9.3°]) and
Dynamic MKE (ES = 1.1, 95% CI [4.1, 8.7°]), re-
spectively, and no significant difference was detected
between the two dynamic conditions.

For adults (IL > 0.80 m), Static BDC decreased
KA by 7 and 4° compared to Dynamic BDC (ES =
1.2, 95% CI [4.8, 9.6°]) and Dynamic MKE (ES =
0.6, 95% CI [1.6, 6.4°]). Thereby, KA was by 3°
superior during Dynamic BDC compared to Dynamic
MKE (ES = 2.6, 95% CI [2.8, 3.8°]). During Static
BDC, HA was respectively by 4 and by 5° lower than
during Dynamic BDC (ES = 1.0, 95% CI [3.1, 6.6°])
and Dynamic MKE (ES = 1.3, 95% CI [4.3, 7.8°]).
The difference between Static BDC and dynamic
MKE was 1° (ES = 2.1, 95% CI [1.0, 1.5°]). Regard-
ing ankle kinematics, AA measured while Static BDC
was by 8 and 9° greater than AA measured while
Dynamic BDC (ES = 1.3, 95% CI [5.0, 9.2°]) and
Dynamic MKE (ES = 1.2, 95% CI [5.3, 10.3°]), re-
spectively. Statistical analysis showed no significant
difference between AA measured during Dynamic
BDC and Dynamic MKE.

Table 1. Comparison of knee angles (KA), hip angles (HA) and ankle angles (AA) in the three measurement conditions
(Static BDC, Dynamic BDC, Dynamic MKE) for the total population, the children and the adults.
Data are reported as means = SD; * Significantly different of Static BDC (p < 0.05);
+ Significantly different of Dynamic MKE ( p < 0.05)

Total population (n = 26) Children (IL < 0.80 m) (n = 8) Adults (IL > 0.80 m) (n = 18)
Static BDC Dynamic | Dynamic Static | Dynamic | Dynamic Static | Dynamic | Dynamic
(degrees) MKE BDC BDC MKE BDC BDC MKE BDC
(degrees) | (degrees) | (degrees) | (degrees) | (degrees) | (degrees) | (degrees) | (degrees)
KA 30+9 35+5% | 38+5% | 28+£9 | 37+£6% | 40+£6% | 31+£9 | 35+4% | 38+£4*"
HA 2+6 20+£3% | 27£3*% | 21+£6 | 29+£4* | 27+3%" | 23+£6 | 28+£3% | 27+£3%"
AA 57+7 50 + 6* 50 + 7% 53+9 47 + 8% 47 £ 9* 58+ 6 49 + 4%F 50 + 5%
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4. Discussion

The purpose of the study was to compare lower limb
joint angles 1) in static with pedal at BDC, 2) in dynam-
ics (while pedalling) with pedal at BDC, and 3) during
maximum knee extension. Our results suggest an influ-
ence of the measurement condition on HA, KA, and AA.

We found a significant difference of around 8°
between static and dynamic KA with pedal at BDC
for the total population. This result is in the range with
those reported in previous studies [6], [8], [11], [22], i.e.,
between 5 to 10°. Therefore, we can suggest a new
range of 33-43° for KA during Dynamic BDC by
adding 8° to the optimal range of 25-35° without ped-
alling [16]. However, we observed that the variation
in KA measurement between Static BDC and Dy-
namic BDC was different for the two groups of cy-
clists. In fact, children had a difference of 12° while
adults presented a difference of 7° between the two
conditions. The alterations of KA between static and
dynamic conditions would be related to the larger HA
and the smaller AA during pedalling. Thus, the transi-
tion from static position to active pedalling would
affect joint angles [6], and particularly foot position-
ing [15]-[22]. Authors reported that these alterations
would be required in dynamics to maintain a KA al-
lowing for an effective pedalling [6]-[22]. The hip
and knee joint extensors may be longer and the ankle
plantar flexors may be shorter while pedalling, which
may affect the muscle tendon unit length and the force
production. Differences in joint angles might be caused
by the lack of angular momentum in static, as opposed
to dynamics [6]. Moreover, it has been demonstrated
that cyclists can improve pedalling technique by in-
creasing pedal force effectiveness. To do this, they
have to apply pedal forces perpendicular to the cranks
in the direction of crank motion [5]. However, Kautz et
al. [18] observed that changing the foot orientation
during the pedalling cycle could modify the orientation
of the forces on the pedals. Consequently, we can sug-
gest that riders used greater plantarflexion in dynamic
conditions to improve pedal force effectiveness. In
addition, the large difference between KA measured
during Static BDC and Dynamic BDC in the child
population could be related to the difficulty of adopting
lower limb kinematics similar to that used during the
pedalling movement due to their poor cycling experi-
ence, as reported by Millour et al. [19]. Therefore, dy-
namic measurement seems more ecological by being
representative of usual practice condition [10], [11].

KA during dynamic MKE was by 3° lower than
the value measured during dynamic BDC. This con-

firms that the range of 33—43° during Dynamic BDC
(i.e., 3° greater than the optimal range of 30—-40° dur-
ing dynamic MKE [10]) can be considered as an al-
ternative for the saddle height adjustment optimisation
based on knee kinematics, especially since the differ-
ence is similar regardless of the age and morphology
of cyclists. It has been demonstrated that the seat tube
angle (i.e., angle between the seat tube and the hori-
zontal) does not impact KA during Dynamic MKE
[23]. However, we can assume that a lower seat tube
angle implies a flexed knee at BDC, which could ex-
plain the difference between the two dynamic condi-
tions. In the study all cyclists used their own bike with
a seat tube angle between 72° and 75° and a saddle
fore-aft position adjusted respecting the method of
Silberman [27]. However, seat tube angle in triathlon
is between 78 and 82° [23]. Therefore, we can suggest
that precautions should be taken with the knee angle
measurement at BDC for this discipline.

However, not taking KA measured during upright
posture (which varies for each individual) as a knee
offset value during cycling into account appears as
a limitation [24]. Moreover, it is relevant to note that
mountain bikers use generally a more upright posture
than road bikers that can affect trunk angle [1] and,
therefore, pelvis anteversion. However, HA was con-
sidered as the angle between the thigh and the vertical
in order to take only the lower limb kinematics into
account and to avoid that trunk angle impacts this
variable during the analysis. In addition, AA and KA
during pedalling would be dependant of the intensity
due to the application of higher propulsive torque in
relation to the power requirement [22]. In the current
study, the power output was lower than in previous
studies related to saddle height adjustment based on
knee kinematics [9], [20], [21] to take into account the
differences of level between the participants and espe-
cially between the children of around 10 years old and
the adults. Thus, the power output of 100 W has al-
lowed all cyclists to be in submaximal condition in
order to avoid any changes in KA and AA kinematics
that can appear at high intensity [22]. The cadence of
80 rpm was also slightly lower than in previous stud-
ies, which generally used cadence between 90 and 100
rpm [9], [10], [21], to improve the accuracy of video
analysis. Given that authors showed no differences in
HA, KA and AA between cadence of 73 £ 7 rpm and
cadence of 90 £ 11 rpm [2], we could consider that
this parameter did not influence the kinematic results.
Therefore, this study provides original findings illus-
trating the relation between the saddle height adjust-
ment methodology choices and the cycling biome-
chanics optimisation.
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5. Conclusions

In conclusion, different methods based on KA can
be employed for the saddle height adjustment (Static
vs. Dynamics or BDC vs. MKE). However, each meth-
odology needs to adapt the optimal KA range. The
ranges of 25-35° during Static BDC and 30—40° while
Dynamic MKE produce identical saddle height. Moreo-
ver, we can suggest a KA range of 33—43° for Dy-
namic BDC in road and mountain bike. The KA dif-
ference of 3° between the two dynamic conditions
could be caused by the seat tube angle at BDC and,
therefore, it seems important to take precautions in
triathlon with larger seat tube angle during the Static
BDC and Dynamic BDC measurements. HA and AA
modifications, according to the method used, suggest
that dynamic saddle height adjustments would be
more representative of usual practice conditions, es-
pecially since cycling experience seems necessary to
choose a joint kinematics in static close to the pedal-
ling movement. These recommendations could help
cyclists, coaches, researchers, and clinicians to im-
prove cycling biomechanics which is determinant for
both health and performance.
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