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Introduction

• Triathlon events have consistently grown in 

popularity in recent years. This event 

combines the disciplines of swimming, 

cycling, and running into a unique endurance 

sport requiring a transition from one 

discipline to the next.

• A period of incoordination and fatigue is 

commonly associated with the final transition 

from cycling to running, in which running 

mechanics are thought to be altered. 

• As with many endurance athletes, overuse 

injuries are prevalent among triathletes. 

Injury rates can be as high as 62%, with 77% 

of all injuries affecting the lower extremities, 

and running most commonly cited as the 

cause of overuse injury [1, 2].

• Loading rate of the vertical ground reaction 

force, or how fast the impact is applied to the 

body, has been linked to an increase risk of 

lower extremity injury in runners [3].

• Few studies however have examined the 

changes in ground reaction forces and 

vertical loading rate during the transition run 

in triathletes.

• Therefore the primary purpose of this study 

was to assess the changes that occur in 

ground reaction forces during a fatigued 

transition run in recreational triathletes. 

Results

Mean (±SD) VO2max (ml/kg/min), MAP (Watts), and 65% MAP (Watts) of maximal incremental cycling 

protocol were 49.22 (6.78), 320 (42.6), and 206.85 (26.93) respectively. Participants mean 10km run pace was 

3.31 ±0.54 m/s. Isometric knee extensor peak torque decreased significantly following cycling (p<.001) and 

isometric knee flexor peak torque was unchanged from pre-cycling to post-cycling. Peak vertical ground reaction 

force and step length decreased significantly from pre-cycling to immediate post-cycling measures (p=.003, 

p<.001), no difference existed for either variable for pre-cycling vs. 10min post-cycling (Table 1). Instantaneous 

peak vertical loading rate (IVLR) and step rate increased significantly from pre-cycling to immediate post-cycling 

measures (p=.05, p<.001), no difference existed for step rate for pre-cycling vs. 10min post-cycling. IVLR 

remained significantly increased at the 10 min post-cycling (p=.035) (Table 1). 

Discussion

• Isometric peak torque measures from Cybex

testing suggest that the cycling protocol at 

65% of MAP produced fatigue in the knee 

extensors but not in the knee flexors. 

• Following cycling, altered ground reaction 

forces and temporal spatial parameters were 

present during the transition run. However 

only acute changes occurred in vertical 

ground reaction force active peak, step length, 

and step rate. Differences in these variables 

existed only between pre-cycling and 

immediate post-cycling trials. 

• The acute changes suggests that GRF and 

temporal spatial variables may return to 

normal with continuous running. Previous 

studies have shown acute decreases in stride 

length at the onset of the transition run. This 

has been attributed to an inability of the 

neuromuscular system to quickly change 

between the neural patterns of cycling and 

running [5].  

• Increases in IVLR were present in both 

immediate post-cycling and 10min post-

cycling trials. The increase in IVLR may be 

due to a more rigid limb during running 

stance, which has been suggested to occur 

following lower extremity concentric fatigue 

[4]. Increased IVLR is potentially harmful as 

high IVLR have been linked to tibial stress 

fracture and musculoskeletal overuse injury 

[3].
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Participants

Following IRB approval, thirteen healthy male 

recreational triathletes participated in this study. 

Participants were free from injury and any other 

condition that would alter running mechanics. 

Participants mean (±SD) age (yrs.), height (cm), 

and weight (kg) were 34 (±4.2), 181 (±9.3), 87.1 

(±11.2) respectively. All participants had at least 

two years triathlon experience and were 

currently training in all triathlon disciplines. 

The study findings suggest that fatigue from 

prolonged cycling can negatively impact the 

ability to attenuate ground reaction forces in 

subsequent running. Triathletes should approach 

the transition run cautiously when fatigued, as 

high loading rates are associated with tibial stress 

fracture and lower extremity musculoskeletal 

overuse injury. 

Conclusion

GRF Temporal Spatial 

Trial IVLR (BW/s) Active Peak (BW) Step Length (m) Step Rate (Steps/min)

Pre 71.69 (26.93) 2.41 (0.22) 1.14 (0.16) 174.44 (11.91)

Post Immediate *79.27 (30.75) *2.32 (0.20) *1.10 (0.16) *180.37 (14.92)

Post 10 Min *79.28 (30.99) 2.37 (0.18) 1.14 (0.15) 174.78 (13.72)

The study included two separate testing sessions. The initial session consisted of an incremental cycling protocol 

starting at 100 watts and increasing 30 watts every 2 minutes to determine maximal oxygen consumption 

(VO2max) and maximal aerobic power (MAP). Participants cycled to volitional exhaustion using a Velotron

cycle ergometer, MAP was calculated as the power output of the final stage completed. The second session 

consisted of a cycle to run transition. A 15-camera Vicon infrared motion capture system collecting at 200 Hz and 

an AMTI force plate instrumented treadmill collecting at 2000 Hz were used in conjunction with a modified Plug-

In Gait marker. Participants completed a 5 minute baseline run at self-reported 10km pace, a 60 minute variable 

intensity cycling protocol based on 65% of their MAP, and a 10 minute transition run at the same 10km pace. 

Maximal isometric knee extension and flexion measures were collected using a Cybex dynamometer pre-cycling 

and post-transition run. Ground reaction forces and temporal spatial parameters were assessed during the right 

stance phase of all running trials using Visual 3D software. Pre to post-cycling data was analyzed using one-way 

repeated measures ANOVAs. Pre to post knee strength measures were analyzed using a paired samples t-test. 

Significance was set at p ≤ 0.05 for all tests. All statistical analyses were conducted in SPSS.

Methods

Table 1: Mean (SD) for vertical ground reaction force (GRF), loading rate, and temporal spatial variables for pre- and post-cycling. * represents variables 

significantly different (p ≤ 0.05) from pre cycling running trials. 

Example of right stance phase of transition run, blue arrow is a visual representation of the combined ground reaction forces


