KINEMATIC CHARACTERISTICS OF ALIGNMENT IN ACROBATIC ATHLETES
Jeni McNeal1 and William A. Sands2
Department of Physical Education, Health & Recreation, Eastern Washington
University, Cheney, WA, USA1
Exercise and Sport Science, East Tennessee State University, Johnson City,
TN, USA2
The purpose of this study was to determine if an underlying structure defining an ‘aligned’
body could be identified in acrobatic athletes, and to assess extreme examples of this
structure for specific kinematic differences. Twenty-five male and female competitive
gymnasts and divers were assessed for body segment alignment in a straight-standing
position. Passive reflective markers were placed on the skin surface covering a variety of
anatomical landmarks along the appendages and torso, including the spine. Athletes
were instructed to assume the ‘straightest body position possible’ with their arms
overhead and eyes forward. An HD digital camcorder recorded this position for
approximately 5s. The video was digitized for various angular positions of the upper and
lower extremities and the torso. Hierarchical cluster analyses revealed 4 clusters of
athletes based on the kinematic variables. Athletes comprising the two most distant
clusters (labelled ‘best’ and ‘worst’ with regard to alignment variables) were selected for
further comparison. Discriminant and logistic regression identified pelvic tilt relative to
vertical and forward head angle as the variables accounting for the most variance
between the two groups. Independent t-tests revealed that athletes from the ‘best’ cluster
were characterized by a more vertically aligned trunk, upper extremity-sternum, upper
extremity-trunk, lower limb, and pelvic tilt, a more forward head position and smaller
cervicothoracic angle. Identification of kinematic characteristics associated with an
aligned body can help direct coaching and talent identification efforts for achievement of
this position.
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INTRODUCTION: The attainment of straight-body posture is a cornerstone of technical and
aesthetic excellence in acrobatic sports such as diving and gymnastics (Arkaev & Suchlin,
2004; Malina & Gabriel 2007; Miller, 2000; O’Brien, 2003; Qian et al., 2010; USA
Gymnastics, 2009). This sport-specific, straight-body posture is also thought to be better for
reducing the chance of injury which may result from force imparted on a body that is out of
alignment during impacts with equipment or water (Badman & Rechtine, 2004; Qian et al.,
2010). Competitive scores in acrobatic sports partially depend on this straight-body position
(Qian et al., 2010; USA Gymnastics, 2009) in which the arms are straight overhead, the head
is neutral, the spine exhibits minimal sagittal curvature, and angles of flexion/extension of the
limbs are minimized (O’Brien, 2003). This aligned position is so essential in diving that
athletes perform ‘line-ups’ as a regular part of daily training (Badman & Rechtine, 2004;
Malina & Gabriel, 2007; O’Brien, 2003). Although coaches prescribe many drills and
exercises to their athletes in the hopes of improving this posture, there are no objective data
from which to make evidence-based training decisions. The purpose of this study was to
determine if an underlying structure defining an ‘aligned’ body could be identified in acrobatic
athletes, and to assess extreme examples of this structure for specific kinematic differences.
METHODS: Sixteen divers and 9 gymnasts with an average training age of 5.0 ± 2.7 y
comprised the sample. Four males (age 14.0 ± 5.8 y; stature 157.8 ± 17.0 cm; mass 47.7 ±
17.8 kg) and 21 females (age 14.0 ± 2.4 y; stature 154.5 ± 9.9 cm; mass 49.1 ± 11.5 kg)
performed a single, stationary standing position with arms overhead, and their position videorecorded (Sanyo HD Xacti FH1A) in the sagittal plane. Spherical, retro-reflective markers
(12.7, and 19 mm) placed on the subject’s right side identified 14 anatomical landmarks from
which the following 11 alignment angles were calculated (Figure 1): lordosis, cervicothoracic
(Perry, Smith, Straker, coleman, & O’Sullivan, 2008), vertically referenced pelvic tilt (VPT;

713

Perry et al.), horizontally referenced pelvic tilt (HPT; Crowel, Cummings, Walker, & Tillman,
1994), sternal angle (Belli, Chaves, deOliveira, & Grossi, 2009), knee, trunk (McEvoy &
Grimmer, 2005), forward head (Perry et al.), upper extremity-sternum, upper extremity-trunk,
and lower limb (McEvoy & Grimmer, 2005).
Marker digitization was accomplished primarily using automatic marker identification
(PeakMotus, v 9.0) with manual digitization in the event of failed auto-location. The average
position for each angle across 4-6 consecutive video frames was calculated, and hierarchical
cluster analysis was performed on the resulting means (SPSS v 20). Cluster analysis
identified a four-cluster solution. Athletes comprising the two most divergent clusters were
labelled as the ‘best’ (n=6) or ‘worst’ (n=9) with regard to alignment, based on a theoretical
‘ideal’ alignment being more vertically oriented with fewer deviations from a straight line
(O’Brien, 2003). Discriminant analysis and logistic regression were used to determine the
most critical variable(s) in differentiating between group membership. Finally, individual
kinematic variables were assessed for differences between groups using independent t-tests.
Alpha for all statistical tests was set at p ≤ 0.05, and statistical control for family-wise error
rate inflation was not implemented due to the exploratory nature of this investigation.
Figure 1: Angle Descriptions
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Note: relative angles a) cervicothoracic, b) lordosis, c) knee, d) upper extremity-trunk, e) upper
extremity-sternum; absolute angles f) forward head, g) sternal, h) vertically referenced pelvic
tilt, i) horizontally referenced pelvic tilt, j) trunk, and k) lower limb

RESULTS: Table 1 displays the means and standard deviations for each variable between
the ‘best’ and ‘worst’ aligned subjects. Discriminant function analysis determined VPT and
forward head as distinguishing between the two groups, and this was supported by results
from logistic regression. Independent t-tests revealed that the ‘best’ acrobats had a more
vertically aligned trunk (t = 3.6, p = 0.003), upper extremity-sternum (t = 4.05, p = 0.001),
upper extremity-trunk (t = 3.8, p = 0.002), lower limb (t = -2.2, p = 0.046), VPT (t = -5.4, p <
0.001), a more forward head position (t = -4.7, p < 0.001), and smaller cervicothoracic angle
(t = -2.2, p = 0.048), than the ‘worst’. There were no differences between groups for sternal
angle, knee, lordosis, or HPT (all p > 0.05).
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Table 1
Angular Position Characteristics of ‘Best’ and ‘Worst’ Aligned Acrobats

Item

vertical pelvic tilt
forward head
upper extremity-sternum
upper extremity-trunk
trunk
lower limb
cervicothoracic
sternal angle
lordosis
horizontal pelvic tilt
knee

‘Best’
n=6
(mean ± SD)
31.5
3.7
35.0
2.6
136.7
8.5
166.4
4.7
348.7
1.6
5.7
0.7
119.9
4.1
21.9
5.5
161.7
6.9
174.3
3.3
181.7
3.6

‘Worst’
n=9
(mean ± SD)
42.4
3.9
45.3
4.9
122.1
5.6
158.3
3.5
344.4
2.6
2.9
0.9
125.5
5.3
26.0
2.9
168.2 10.5
173.3
1.8
178.0
6.9

DISCUSSION AND CONCLUSION: This is the first report in the literature of the combined
effect of various kinematic positions for identifying athlete subgroups based on sagittal body
alignment. Smith, O’Sullivan, and Straker (2008) measured three sagittal thoarocolumbar
angles in adolescents and identified four clusters, which the authors termed ‘neutral’,
‘hyperlordotic’, ‘flat’, and ‘sway’. Comparisons with our groups is difficult due to our
investigation including kinematic variables other than those describing the spine. Comparing
only the components of the thoracolumbar segment, the ‘best’ group in our investigation was
characterized by a more vertically aligned pelvis and trunk. This is similar to the ‘flat’ group
described by Smith et al. The authors also reported that a higher proportion of adolescents in
the ‘neutral’ subgroup had never experienced back pain compared to the other subgroups.
While attempts have been made to link back pain with spinal alignment (Cho, 2008; Hall,
1986; Kruse & Lemmen, 2009; Mitchell, O’Sullivan, Burnett, Straker, & Smith, 2008; Steele &
White, 1986; Tsai & Wredmark, 1993; Widhe, 2001; Youdas, Garrett, Egan, & Therneau,
2000), research results have been mixed. Our current investigation did not include athletes
with current back pain, and therefore conclusions cannot be made with regard to the
contribution of body alignment variables and pain or injury.
Attempts have been made to relate normal standing posture to lack of flexibility, strength,
skeletal characteristics, and training time (Emery et al., 2009; Hein, 1999; Li et al., 1996;
Steele & White, 1986; Tsai & Wredmark, 1993; Wojtys et al., 2000) to name a few. Results
have been variable, leading to uncertainty and confusion with regard to what interventions
may be most useful in improving body alignment variables, as well as reducing pain and
injury believed to result from ‘poor’ posture. Past investigations looked only at a relaxed
standing body position, as opposed to the active aligned position more specific to acrobatic
performance. Our contribution to this literature demonstrates that the specific straight-body
aligned posture prized by acrobatic athletes can be identified by certain kinematic variables.
Specific kinematic differences between ‘best’ and ‘worst’ aligned subjects warrant further
description and investigation to determine how these positions might relate to performance
and injury occurrence, and if these positions are trainable and to what degree they may be
useful in a selection process.

REFERENCES:
Arkaev, L., Suchilin, N., & Suchilin, N.G. (2004). How to create champions: the theory and
methodology of training top-class gymnasts. Oxford, UK: Meyer & Meyer.
Badman, B.L., & Rechtine, G.R. (2004). Spinal injury considerations in the competitive diver: a case
report and review of the literature. Spine Journal, 4, 584-590.

715

Belli, J.F.C., Chaves, T.C., de Oliveira, A.S., & Grossi, D.B. (2009). Analysis of body posture in
children with mild to moderate asthma. European Journal of Pediatrics, 168, 1207-1216.
Cho, C. (2008). Survey of faulty postures and associated factors among Chinese adolescents. Journal
of Manipulative and Physiological Therapeutics, 31(3), 224-229.
Crowel, R.D., Cummings, G.S., Walker, J.R., & Tillman, L.J. (1994). Intratester and intertester
reliability and validity of measures of innominate bone inclination. Journal of Orthopaedic and Sports
Physical Therapy, 20(2), 88-97.
Emery, K., DeSerres, S.J., McMillan, A., & Côté, J.N. (2010). The effects of a Pilates training program
on arm-trunk posture and movement. Clinical Biomechanics, 25, 124-130.
Hall, S.J. (1986). Mechanical contribution to lumbar stress injuries in female gymnasts. Medicine and
Science in Sports and Exercise, 18(6), 599-602.
Hein, v. (1999). Postural alignment in different standing positions and the trunk muscles strength
among girls aged 8-16 years. Biology of Sport, 16(2), 125-138.
Kruse, D., & Lemmen, B. (2009). Spine injuries in the sport of gymnastics. Current Sports Medicine
Reports, 8(1), 20-28.
Li, Y., McClure, P.W., & Pratt, N. (1996). The effect of hamstring muscle stretching on standing
posture and on lumbar and hip motions during forward bending. Physical Therapy, 76(8), 836-849.
Malina, R.M., & Gabriel, J.L. (Eds.). (2007). USA Diving coach development reference manual.
Indianapolis, IN: USA Diving.
McEvoy, M.P., & Grimmer, K. (2005). Reliability of upright posture measurements in primary school
children. BMC Musculoskeletal Disorders, 6, 35.
Miller, D.I. (2000). Biomechanics of competitive diving. Indianapolis, IN: US Diving Publications.
Mitchell, T., O’Sullivan, P.B., Burnett, A.F., Straker, L., & Smith, A. (2008). Regional differences in
lumbar spinal posture and the influence of low back pain. BMC Musculoskeletal Disorders, 9, 152.
O’Brien, R. (2003). Springboard and platform diving (2nd ed.). Champaign, IL: Human Kinetics.
Perry, M., Smith, A., Straker, L., Coleman, J., & O’Sullivan, P. (2008). Reliability of sagittal
photographic spinal posture assessment in adolescents. Advances in Physiotherapy, 10, 66-75.
Qian, J., Zhang, S., & Jin, H. Computer simulation of “splash control” and research of the rip entry
technique in competitive diving. International Journal of Sports Science and Engineering, 4(3), 165173.
Smith, A., O’Sullivan, P., & Straker, L. (2008). Classification of sagittal thoraco-lumbo-pelvic alignment
of the adolescent spine in standing and its relationship to low back pain. Spine, 33(19), 2101-107.
Steele, V.A., & White, J.A. (1986). Injury prediction in female gymnasts. British Journal of Sports
Medicine, 20(1), 31-33.
Tsai, L., & Wredmark, T. (1993). Spinal posture, sagittal mobility, and subjective rating of back
problems in former female elite gymnasts. Spine, 18, 872–875.
USA Gymnastics (2009). USA Gymnastics Junior Olympic code of points 2009-2013. Indianapolis, IN.
Widhe, T. (2001). Spine: posture, mobility, and pain. A longitudinal study from childhood to
adolescence. European Spine Journal, 10, 118-123.
Wojtys, E.M., Ashton-Miller, J.A., Huston, L.J., Moga, P.J. (2000). The association between athletic
training time and the sagittal curvature of the immature spine. American Journal of Sports Medicine,
28(4), 490-498.
Youdas, J.W., Garrett, T.R., Egan, K.S., & therneau, T.M. (2000). Lumbar lordosis and pelvic
inclination in adults with chronic low back pain. Physical Therapy, 80, 261-275.

Acknowledgement
The authors wish to thank all of the athletes and coaches for their time and enthusiastic participation.
Appreciation also goes to the graduate and undergraduate students at EWU who assisted in portions
of this data collection (JK, GM, SL).

716

