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Abstract

The aim of this study was to investigate the effect of changes in pedal width (Q Factor)
on knee frontal plane kinematics in cyclists with different Q angles. Three groups of 8
road cyclists (1- Low Q angle, 2- Normal Q angle and 3- High Q angle) cycled in four
different pedal widths of 16, 19, 22 and 25 cm. The variables of maximum abduction,
maximum adduction, range of motion and mean abduction/adduction angle of the knee
joint during cycling were calculated. The results showed that there was significant
difference between group 1 and group 3 in the variables of maximum, minimum and mean
abduction angle of the knee joint. Besides, the effect of changing in the Q Factor was
significant on the variables of maximum, minimum and mean abduction of the knee joint.
In all variables, the interaction effect between inter-group and between-group factor was
not significant. The results of the present study showed that the difference in the Q angle
of individuals and also the increase in pedal width affect the frontal plane knee joint
kinematics; Therefore, in choosing the appropriate pedal width for cyclists, the difference
in their Q angle should be considered.
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Extended Abstract

Background and Purpose

Difference in pelvis width and Q angle can cause difference in lower extremity
alignment during cycling and increased knee abduction or adduction, which has
been reported as a risk factor for injury to the knee joint. Bini (2018) in a review
research reported that cyclists with knee pain present larger knee adduction and
altered activation of the vastus lateralis and vastus medialis muscles (1). In
addition, disorder in the normal direction of the lower limb may impair the
production of effective force during pedaling. It seems that one of the ways to
adjust the lower extremity alignment during cycling to improve effective force and
reduce varus and valgus loading on the knee joint is to select the right Q factor for
each individual in proportion to her/his Q angle. "Q Factor" represents the
horizontal distance between pedals on a bicycle (2). The aim of this study was to
investigate the effect of changes in pedal width (Q Factor) on knee frontal plane
kinematics in cyclists with different Q angles.

Materials and Methods

Twenty-four professional road cyclists participated in this study. They were
classified into high Q-angle (>18°), normal Q-angle (9°<Q<18") and low Q-angle
(<9") groups (3), according to the degree of Q-angle. The participants will be free
from lower extremity injuries within the past 6 months. In the first session, peak
power output was determined (4). Cyclists performed an incremental workload
test to exhaustion with 100 W of initial workload followed by a workload increase
of 30 W every minute till exhaustion(4). Q Factor was set for this test at 160 mm
(Q160), similar to a standard road bicycle. Pedaling cadence was controlled at 90—
95 rpm by visual feedback from the cycle trainer head unit and the test was
concluded when the pedaling cadence was lower than 85 rpm. Peak power output
(POpeak) was determined from percentage time and workload at the last stage
(see Equation (1)).

POpeak = POfinal * t% (1)

Twenty-four hours later, subjects entered the laboratory for a second session to
assess the kinematics of the knee joint on the frontal plane during pedaling. After
a warm-up period of 5 min at <100 W, each cyclist cycled for 2 min at 100% peak
power output with four different Q-Factor of 160 mm (QFO0), 190 mm (QF1), 220
mm (QF2) and 250 mm (Q250) and with pedaling cadence controlled at 80 rpm.
20 markers including two clusters of 4 markers on the shank and thigh and 12
markers on the anatomical points of ASIS, PSIS, knee lateral epicondyle, knee
medial epicondyle, lateral malleolus, medial malleolus, heel, first metatarsal,
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second metatarsal and fifth metatarsal were mounted unilaterally. Additionally, A
pedal anatomical marker was placed on the midpoint of the front edge of pedal. 3-
dimensional (3D) kinematic data of lower extremity was collected using 8-camera
motion analysis system (Qualysis, Qualysis Motion Capture Systems, Qualysis
AB) with the sampling frequency of 480 HZ.

The consecutive pedal cycles were separated to obtain 30 individual trials from
top dead center (0) to top dead center (360) based on vertical position of pedal
marker. The raw kinematic data were filtered using a low-pass fourth order
Butterworth filter with zero lag at a cutoff frequency of 6 Hz (5-8). Each cycle
was normalized to 360 points. Then, three-dimensional angles of the knee joint
were calculated using Visual 3D software (C-Motion Inc.). maximum abduction,
maximum adduction, range of motion (ROM) and mean abduction/adduction of
knee joint variables were calculated. Data were described using mean and
standard deviation. The normality of data distribution was assessed by Shapiro-
Wilk test and the homogeneity of variances was assessed by Leven test. Repeated
measures ANOVA was used to analyze the data at a significance level of 0.05.
Also, Tukey post hoc test was used to evaluate the differences between the groups
in pairs and Bonferroni post hoc test was used to compare the pairs within groups.

Results

Mean and standard deviation of maximum abduction, maximum adduction, range
of motion (ROM) and mean abduction/adduction angle of the knee joint are given
in Table 1.

Table 1- Mean and standard deviation of knee joint kinematic variables on frontal

plane
QF250 QF220 QF190 QF160 Groups Variable
-0.2+4.1 19+32 46+22 6.8+48 HighQ Angle
06244 1439 36429 5433 Normal Q Maximum abduction
Angle (degree)

-1.1+5.3 04+4.2 26+3 41+39 Low Q Angle

-11+5.3 -7.7+51 -42+31 -31+£55 HighQ Angle

Normal Q Maximum adduction
Angle (degree)

124+45 -95+37 -69+57 -44+36 LowQ Angle

-116+37 -79+£56 -51+48 4+4.1
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Table 1- Mean and standard deviation of knee joint kinematic variables on frontal

plane
QF250 QF220 QF190 QF160 Groups Variable
10.8+4.4 9.6+4.2 8.8+2 9.9+3.8 HighQ Angle

Range of motion

11439 89436 87+21 9+26 Normal Q abduction/adduction
Angle
(degree)
11.3+34 99+35 95+28 85+2 Low Q Angle
-42+37 2+48 02+41 21+£53 HighQ Angle
Normal Q Mean abduction
-53+5.3 -32+59 -09+29 07+42 Angle (degree)

-59+45 -43+47 -19+41 -03+£37 LowQ Angle

The results showed that the interaction effect between intergroup and intragroup
factors was not significant for any of the measured variables. The results of the
between group test showed that there were significant differences in the variables
of maximum abduction (P = 0.012), maximum adduction (P = 0.022) and mean
abduction/adduction angle (P = 0.009) between the groups. The results of post hoc
test showed that there was a significant difference between group 1 and group 3
in the variables of maximum abduction (P = 0.006), maximum adduction (P =
0.016) and mean abduction/aduction angle (P = 0.001). The results of within
group test showed that the effect of changing the pedal width on the variables of
maximum abduction (P = 0.032), maximum adduction (P = 0.027) and mean
abduction/addduction (P = 0.038) of the knee joint was significant. The results of
the post hoc test showed that for the maximum abduction of knee joint variable
between QF160 with QF190 (P = 0.012), QF220 (P = 0.007), and QF250 (P =
0.001), between QF190 with QF160 (P = 0.012) and QF250 (P = 0.001) and
between QF220 with QF160 (P = 0.007) and QF250 (P = 0.014) was significant
difference. For the maximum adduction variable between the QF160 with QF220
(P =10.017) and QF250 (P = 0.001), between QF190 with QF250 (P = 0.003), and
between the QF220 with QF160 (P = 0.017), and QF250 (P = 0.019), was
significant difference. Also, for the variable of mean knee abduction/adduction
was significant difference between QF160 with QF190 (P = 0.011), QF220 (P =
0.005) and QF250 (P = 0.002), between QF190 and QF160 (P = 0.011), QF220
(P = 0.010), and QF250 (P = 0.003), and between QF220 with the QF160 (P =
0.005) and QF190 (P = 0.010).
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Conclusion

The results of this study showed that increasing the pedal width (Q Factor) of
standard bicycles affects the kinematics of the knee joint and increases the knee
joint adduction. The present study also showed that differences in Q angle of
cyclists affect the kinematics of the knee joint. larger Q-angle in cyclists can
increase abduction and decrease knee joint adduction during cycling.
Keywords: Q Factor, Knee Joint, Q Angle

Article Message: Not all cyclists should use a fixed pedal width as differences
in anthropometric characteristics, such as the Q angle, affect the kinematics of the
knee joint in the frontal plane and in prolonged pedaling can possibly cause
excessive stress on the internal or External compartment of the knee joint. Athletes
and coaches who do bike fitting should consider the difference in the Q angle to
determine the appropriate pedal width for each person.
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