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ABSTRACT For many years, coaches and trainers have been looking for athletes that fit the mold of the typical sprint soma-
totype. Unfortunately the majority of the studies have focused on the “Max Velocity” phase of the sprint, leaving the 

start (drive and transition phases) relatively uninvestigated. The purpose this study was to identify trail leg recovery acceleration profiles (a 
key determinant of stride frequency) for use in matching track and field athletes to events. Collegiate track and field athletes with high levels 
of experience performed a series of trail leg recoveries at two different pelvic tilt angles while wearing an accelerometer. A series of four model 
acceleration curves were identified and associated with event characteristics and levels of performance: QAHP - Quick Explosive Accelera-
tion with High Peak Force; QAMP - Quick Acceleration with Moderate Peak Force; LAMP - Low Acceleration with Moderate Peak Force; and 
LALP - Low Acceleration with Low Peak Force.

For many years, coaches and trainers have been looking for 
athletes, sprinters in particular, that fit the mold of the typical 
sprint somatotype.  There have been a number of studies com-
pleted on the ideal sprinter body contour (Heglund, Taylor, & 
McMahon, 1988; Vucetic’, Matkovic’ & Sentija, 2008; O’Connor, 
Olds, & Maughan, 2009; Sedeaud, Marc, Dor, Scipman, Dorsey, 
Haida, Berthelot & Toussaint, 2014; Knechtle, Knechtle, Schulze 
& Kohler, 2008; Claessens, Hlatky, Lefevre & Holdhaus, 1994; 
Howel, 1965; Jeffries, 2011; Blache, Bobbert, & Monteil, 2011; 
Johnson, 2015; Young, 2006). These studies found that there was 
a high degree of correlation between a body contour of this type 
(increased pelvic tilt) in terms of two things, vertical jump  (a 
measure of leg power) and, speed (the ability to sprint).  It has 
been theorized that this body contour puts the body into a more 
ideal position and thus more adaptable to the sprinting motion, 
which utilizes a slight forward lean  (Miller, 1979). During the 
phases of acceleration, the body is leaning forward; once maxi-
mum acceleration is reached, the body is straight up and down 
(vertical) (Ecker, 1976). Steve Miller, NCAA Championship track 
coach notes that when the “pelvis is tilted forward, the body is 
in more of a natural alignment for the running position itself, it 
seems to indicate that either it is easier to begin acceleration or 
acceleration is easier to maintain, and this assists in accelera-
tion itself ”  (Miller, 1979).

Figure 1: Race Phases and Acceleration Lean

To date, both qualitative and quantitative sprint studies have 
investigated the activity in two major areas: direct perfor-
mance descriptors and upper and lower body kinematics. Di-
rect performance descriptors are those variables most often 
used to describe a sprinter’s overall performance (i.e., hori-
zontal velocity, stride rate, etc.). Although these variables give 

little insight regarding how a performer is physically produc-
ing the performance, they are critical in determining the level 
and nature of the effort. Upper and lower body kinematics 
include those movement patterns that actually produce the 
performance [i.e., upper arm angular velocity, lower leg an-
gular position, etc.] (Mann and Herman, 1985). If the proper 
results in this category are analyzed, insight can be gained 
into how the direct performance descriptors are produced, 
and potentially aid in selection of athletes who embody those 
characteristics.  

A number of variables that describe a sprinter’s performance 
(stride rate and stride length, support and nonsupport time) 
have frequently been the focus of previous investigations. Sin-
ning and Forsyth (1970) and Hoshikawa, Matsui, and Miyash-
ita (1973) both found that increases in running velocity were 
accompanied by a combination of increases in stride length 
and stride rate, with stride rate becoming the more impor-
tant factor at higher running velocities. However, in both 
studies, the subjects were tested on a motorized treadmill 
that enabled them to run only at a maximum of 6.6 m/s and 
8.33 m/s, respectively. In a study that investigated maximum 
sprint effort (9.3 m/s), Luhtanen and Komi (1978) found that 
stride length leveled off at high velocities, whereas stride rate 
continued to increase.

These findings were later supported by Mehrikadze and 
Tabatschnik (1982) utilizing performance data collected on lead-
ing Soviet sprinters. Kunz and Kaufrnann (1981), using a small 
group of world-class sprinters (n = 3), found a combination of 
greater stride length, higher stride rate, and a significantly short-
er ground support time for the sprinters when compared to a 
group of decathletes (n = 16) performing a maximal sprint effort. 
Comparing collegiate level sprinters and elite-level sprinters, 
Herman and Mann (1985) found a significant difference in the 
stride rate (elite higher) and support time (elite lower). However, 
no significant differences were found in stride length or nonsup-
port time.

It is important to note that nearly all of theses studies ex-
amined the sprint mechanics during the maximum velocity 
phase only, that is  >50 meters into a race, where the accel-
eration has returned to near zero and the athlete is in a full 
upright, vertical running stance and where stride length is at 
maximum (see figure 2: 100m World Record 10m Incremental 
Analysis). The focus of this paper is to identify acceleration 
somatic characteristics (pelvic tilt and resultant trail leg re-
covery) which facilitates faster stride frequency (turn over), 
enabling rapid acceleration up to maximal velocity (i.e., dis-
tances less than 50 meters).
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Figure 2: 100m World Record 10m Incremental Analysis. 

As Herman and Mann (1985 & 1982-83) note, the most consist-
ent success factor identified in the sprint results of elite athletes 
is the action of the upper leg to terminate the nonproductive lat-
ter portion of ground contact, the better sprinters end ground 
contact early and quickly begin leg recovery. In his video analy-
sis of Olympic sprinters, Mann (1982-83) identified that silver 
medalists accomplished this goal in both the nonfatigue and fa-
tigue conditions. And that this abbreviated leg extension is one 
major factor in decreasing the critical ground contact time. Dur-
ing the recovery phase, all three sprinters produced similar full 
extension, followed by excellent flexion (high knee) positions. 
This flexion result is critical in initiating the production of upper 
leg velocity into and during ground contact. He continues, not-
ing that while although all three performers (Olympic medalists) 
produced comparable results at touchdown, a major difference 
in this race was produced due to the ability of the medalists to 
increase the leg speed to a greater degree during the support 
phase. Since these velocity results have been identified as addi-
tional factors by which the critical ground time can be reduced 
(Mann et al., 1982-1983), it is evident that the success of the me-
dalists was due in large part to the ability to produce this result.

Purpose
The purpose this study was to identify trail leg recovery accel-
eration/force profiles for use in matching track and field athletes 
to events.

Subjects
Ten male NCAA varsity (nationally ranked) track and field ath-
letes attending a California State University and whose ages 
ranged from eighteen to twenty-six, and their sprinting experi-
ence varied from high school champions to NCAA Champions 
and world record holders.  The group represented a heterogene-
ous collection of heights, weights, ages, and musculature. 

Methodology / Instrumentation
Each subject was instructed to step down on a predetermined 
starting point so that the entire foot was flat on the floor.  The 
subject was then instructed to bring his thigh to a position par-
allel with the floor as rapidly as possible. Each subject was in-
structed to perform this trail leg recovery three times in each 
position, the first position with the pelvis in 55 degrees of anter-
oposterior tilt, and the second position with the pelvis in 70 de-
grees of tilt.  The third trial for each position was photographed 
and recorded for comparison.

An accelerometer was attached to a small aluminum plate and 
held firmly to the subjects’ thigh with a Velcro strap. The sub-
ject’s thigh was attached to the Orthotron swing arm with a pad-
ded thigh flexion attachment strap. The accelerometer was con-

nected by a coaxial cable to a Tektronix T912 10 MHz storage 
oscilloscope upon which the acceleration of the limb produced 
an acceleration curve that was recorded for comparison. 

The viewing screen of the oscilloscope was divided into sectional 
grids from which, once the speed through each grid was select-
ed, the impulse time could be accurately read. The speed was set 
at 50 milliseconds each division.  The voltage per division was 
set at 0.2 volts/division.

The triggering system was set at the internal source setting and 
at the normal mode.  With this setting, the acceleration curve 
was recorded the instant any movement was initiated by the 
subject. The deceleration peak was initiated by a stop mecha-
nism designed specifically for this investigation by the author. 
The pelvic tilt angle was measured with the aid of Johnson tilt-o-
meter, also designed by the author.

Results
In comparing the oscilloscope tracings of the acceleration 
curves for pelvic tilts of 55 and 70 degrees, together with the 
event specialty and the individual’s performance characteristics, 
a common feature was revealed. That being that those athletes 
whose performance characteristics included rapid, explosive 
force, and acceleration early in their event performance had a 
rapid high peak force curve while in the 70 degrees of pelvic tilt 
position. While those athletes whose performance character-
istics included rapid, explosive force, and acceleration later in 
their event performance had a rapid high peak force curve while 
in the 50 degrees of pelvic tilt position. By viewing the shapes of 
the acceleration curves and the investigator was able to blind 
match individual athletes and their performance characteristics 
to their acceleration curve tracings.

Figure 3 depicts the tracing comparison of two athletes, one 
who has very fast start and one who has a very strong finish; 
both athletes have the same personal best time of 20.70 for 200 
meters.

Figure 3: Athlete Performance Characteristics And Curve 
Profile

Four pelvic tilt curve profiles (at 70 degrees of anterior posterior 
pelvic tilt) were identified for use by coaches for (potential) tal-
ent identification and event assignment. Each curve profile cor-
responds to specific event characteristics, athlete performance 
characteristics, and level of competition categories.  They are as 
follows: 

QAHP - Quick Explosive Acceleration with High Peak Force. Ath-
letes with this profile were those athletes who were successful at 
the world-class level sprints (50m-100m), world-class level hori-
zontal and vertical jumps (long jump, triple jump, high jump), 
and world-class level explosive throws (Shot put, Discus, Javelin) 

QAMP -Quick Acceleration with Moderate Peak Force. Athletes 
with this profile were those athletes who were successful at the 
world-class level middle distance events (500-1000m), and na-
tional level decathlon
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LAMP - Low Acceleration with Moderate Peak Force. Athletes 
with this profile were those athletes who were successful high 
school athletes (400-800m)

LALP - Low Acceleration with Low Peak Force. Athletes with 
this profile were those athletes who were successful low to aver-
age high school track & field athletes, and or national class long 
distance >20K, marathon, or ultra distance >50K athletes (events 
which do not require rapid acceleration of the production of 
great forces)

Figure 4: Track & Field Event Acceleration Curve Profiles

Conclusions
It is hoped that the identification of an additional tool for use by 
sport professionals in better identifying track and field athlete 
potential as well as in refinement of event assignment will bring 
about greater success for the athlete, while at the same time raise 
the level of performance.  Most certainly, a greater understanding 
of the performance characteristics (limitations and advantages) of 
individual athletes’ enable coaches to create more effective train-
ing programs and performance plans that address athlete perfor-
mance deficiencies and maximize athlete efficiencies.

 Additionally, this study serves to add to the body of knowledge 
regarding sprint performance, in that it focuses on the accelera-
tion phase rather than the maximum velocity and maintenance 
phases. It has been said, “that you win a sprint race with the start 
and loose the race with the finish”.  A review of the 10-meter in-
cremental analysis of Olympic and world championship 100meter 
races bears this out. 
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