A Kinematic and muscle activation differences between a standard-pull up
and a dynamic CrossFit “kipping” pull-up
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/ ABSTRACT \ / \ ﬂull SPUs and KPUs were compared in Figure 6 and 7 between all recorded upper and lower body muscles. Ah

lower body muscles had significantly higher activation during the KPU than the SPU. The increase in lower

. . . . . * Data Analysis: Electromyography body activation in the KPU vs the SPU was offset by the significant decrease in some upper body activation in
The standard pull-up (SPU) is an effective upper body resistance exercise used throughout the fitness * Electrodes were placed on 8 muscles on the left side of their bodies: infraspinatus (IF), latissimus dorsi the upper body muscles in the KPU vs. SPU.
community to build muscular strength. However, some athletes prefer activities that employ a wider (LD), rectus abdominis (RA), external oblique (EO), tensor fasciae latae (TFL), biceps brachii (BB), .
range of muscles such as CrossFit which has become widely popular since the early 21 century. CrossFit iliopsoas (IL), and pectoralis major (PM) (Figure 1). " :—‘—\
introduced the kipping pull-up (KPU) which combines the SPU with a common move in gymnastics known * Mean muscle activation of each individual muscle during the middle three pull-ups were analyzed g L "L
as the "glide kip.” PURPOSE: The purpose was to compare overall EMG muscle activation, and kinematics * Muscle activation represented as %$MVIC " 50
between a SPU and a KPU. We hypothesized that the additional motion generated by the kipping action o P )
of the KPU would significantly reduce the muscle activation in the upper body muscles compared to the « Data Analysis: Kinematics : o P i 4 o
SPU, while increasing the activation of hip-flexor and abdominal muscles. METHODS: This study was a « 2D markers placed on the right side of the body on: 8t rib, greater trochanter of the femur, knee axis i g 7 - Py
within-subject, randomized, counterbalanced design of 11 male subjects who actively participated in of rotation, and lateral malleolus of the fibula 20 20 —
CrossFit and were familiar with both styles of pull-ups. They had a mean age of 30 years (£3.35) (mean * e Max hip and knee angle, hip and knee movement traveled in the ant/post direction, and mean hip and 10 1 J
SE). Electrodes were placed on the: infraspinatus (IF), latissimus dorsi (LD), rectus abdominis (RA), knee angular velocity were measured and averaged for the three middle pull-ups (Figures 2 and 3). O 0
external oblique (EO), tensor fasciae latae (TFL), biceps brachii (BB), iliopsoas (IL), and pectoralis major : B o8 o A 2 T L

Upper Body Muscles Lower Body Muscle

(PM). Reflective markers to measure kinematics were placed on the subjects’ right side: 8" rib, greater

trOCha nte I, kn ee axis Of rOtat|On, an d Iate ra I ma I IeOI us. Su bJECtS pe rfOrmed a set Of 5 S P U an d 5 KP U N Figure 6. (Mean + SE) Average percent maximum voluntary isometric contraction Figure 7. (Mean * SE) Average percent maximum voluntary isometric contraction (%MVIC)
. . . . . . . (%MVIC) throughout a full SPU and KPU for the infraspinatus (IF), lattisimus dorsi (LD), throughout a full SPU and KPU for the rectus abdominis (RA), external oblique (EO), tensor
fan d om Ord e r, Wh I Ie k| ne mat|CS an d m USC|e aCt|Vat|O N were reco rd ed . Data were ana IyZEd W|th pa I red biceps brachii (BB), and pectoralis major (PM). *Indicates significant difference between fasciae latae (TFL), and iliopsoas (IL). *Indicates significant difference between SPU and KPU
SPU and KPU (P<.05), **Indicates significant difference between SPU and KPU (P<.001). (P<.05), **Indicates significant difference between SPU and KPU (P<.001).

samples t-tests. RESULTS: The following kinematic variables were significantly greater in KPU compared to
SPU: Max hip angle (48.81 + 6.80°, p<.001), max knee angle (56.52 £ 11.26°, p=.001), hip range (24.18
3.54 cm, p<.001), average angular hip velocity (76.81 + 9.58°/s, p<.001), and average angular knee
velocity (127.23 + 35.06°/s, p=.005). These muscles showed significant reduction in muscle activation
from SPU to KPU: LD (5.86 * 6.21%, p=.046) and BB (13.58 £ 5.62%, p=.018). Whereas, these muscles
showed significant increase in muscle activation from the SPU to KPU: RA (16.60 + 3.55%, p<.001), EO
(14.57 + 7.33%, p=.001), TFL (16.24 + 7.33%, p<.001), and IL (44.54 + 31.64%, p=.001). CONCLUSION: It
was concluded that there were significant increases in muscle activation in the hip flexor and abdominal
muscles, which generated a significant ant/post swinging. The significant reduction in upper body muscle
activation was likely due to this added movement. A KPU may be a better overall workout because it
incorporates more muscles. Additionally, reduced upper body muscle activation could theoretically allow
an individual to complete more repetitions with less fatigue.

DISCUSSION

* From Table 1 we were able to conclude that kinematically, these are two different pull-ups, because the KPU
utilizes a more dynamic motion than the SPU.

e This difference is characterized by a substantial sway in the sagittal plane for a KPU, and minimal movement in the
ant/post direction for a SPU.

 An important factor causing differences in a KPU was the hip angular velocity (p < .001) because it represents that
there was a distinct kinematic difference in form between a KPU and SPU.

* Based off previous literature, it was found that hip flexion was the major action of the IL and TFL [5][9], and the
EO and RA were significant contributors to the motion of the glide kip [11]. The significant activation of these
lower body muscles may explain/compensate for the lack of upper body muscle activation in a KPU when

FigureS 2 and 3: Motion tracker path of markers for a KPU (Ieft image) and SPU (rlght image) for compared to a SPU, so the individual can still raise themselves to the bar.

Subject 1 e LD and BB had significantly lower muscle activation during a KPU than a SPU (Figure 6).

e All four lower body muscles (RA, EO, TFL, and IL) had significantly higher muscle activation during a KPU than a

INTRODUCTION SPU

 The KPU is likely a better full-body workout than the SPU for two reasons:

RESU LTS e Reduction in upper body muscle activation could slow down fatigue, allowing an athlete to

perform more pull-ups in one set
 The KPU utilizes a wider range of muscles than the SPU, contributing to a more encompassing
workout.

Further studies should explore the effect of a KPU on muscular fatigue when compared to a SPU, as well as other

physiological phenomena associated with the KPU.

 All kinematic variables evaluated during the study are presented in Table 1, comparing a single SPU and KPU.
All KPU kinematic variables (accept range of the knee) were significantly different from SPU variables. This
was a quantitative indication that there were significantly different movement patterns between the two .
different pull-ups.

The standard pull-up (SPU) is an effective upper body resistance
exercise used throughout the fitness community to build muscular
strength

o _ Table 1. Differences between SPU and KPU kinematic variables. *Indicates significant difference between SPU and KPU (p<.05),
* Some athletes prefer activities that engage a wide range of muscles and **|ndicates significant difference between SPU and KPU (p<.001). Negative value indicates KPU>SPU

in a group setting such as CrossFit which has become widely popular

CONCLUSION

since the ea r|y 215t centu ry [4] Kinematic Variable SPU-KPU p-value
Max Hip Angle -48.81 = 6.80 <<.001**
- CrossFit introduced the kipping pull-up (KPU) which combines the SPU Max Knee Angle 56.52 4 11.26 001 * There were significant increases in muscle activation in the hip flexor and abdominal muscles, which generated a
with a common move in gymnastics known as the “glide kip” [5][10][17] Range Hip,.,. .. 2418 4 3.54 — 001 significant anterior/posterior swing. The significant reduction in upper body muscle activation was likely due to

this added motion. A KPU may be a better overall workout because it incorporates more muscles. Additionally,

Range Kneeam,pOst -8.22 +=4.75 114 . . . . L. . .
* Purpose: Compare overall EMG muscle activation and kinematics Mean Hip Angular Velooity e 81 4 o 5s ooy reduced upper body muscle activation could theoretically allow an individual to complete more repetitions with
between a SPU and a KPU. A KPU combines the movement of a SPU less fatigue.
Mean Knee Angular Velocity -127.23 = 35.06 .005%*

with the swinging motion of a gymnastic “glide kip” to lift themselves
over the bar. Different from the SPU, the KPU uses not only their upper
body muscles, but also their lower body muscles (hip flexors) and
abdominal muscles.

* Hip and knee angles were greater in a KPU when compared to a SPU (Figures 4 and 5). Subject 1 REFERENCES
demonstrated this general trend and was representative of the findings for all subjects 1. Berryman J. Exercise is Medicine. Current Sports Medicine Reports 2010;9(4):195-201.

2. Boettcher C, Ginn K, Cathers I. Standard maximum isometric voluntary contraction tests for normalizing shoulder muscle EMG. Journal of Orthopaedic Research 2008;26(12):1591-1597.

* Hypothesis: Additional momentum generated by the overall kipping

3. Booth FW, Gordon SE, Carlson CJ, et al. Waging war on modern chronic diseases: primary prevention through exercise biology. J. App. Physiol.

motion of the KPU, would significantly (p<.05) reduce the total average _ _ | 50 - = HORIG N
muscle activation in the upper body muscles associated with the SPU, - 25 - 4. Cohen E, Ejsmond-Frey R, Knight N, Dunbar R. Rowers' high: behavioural synchrony is correlated with elevated pain thresholds. Biology Letters 2009;6(1):106-108.
while increasing activation of hip-flexor and abdominal muscles Figure 1: Muscle electrode 5. Glassman G. The Kipping Pull-up. CrossFit Journal Articles 2005;(32):1-3
PSS B o 6. Haahr M. RANDOM.ORG - List Randomizer [Internet]. Random.org 2016;[cited 2016 Dec 2 ] Available from: https://www.random.org/lists/
= 35 7 / — = 7. Hislop, HJ and Montgomery, J. Muscle Testing: techniques of Manual Examination. St. Louis, MO: Saunders, 2007.
M ET H O DS é" 30 - =—SPU g" 10 1 —SPU 8. Jiroumaru T, Kurihara T, Isaka T. Establishment of a recording method for surface electromyography in the iliopsoas muscle. Journal of Electromyography and Kinesiology 2014;24(4):445-451.
§° 55 | - é" - — KPU 9. Jiroumaru T, Kurihara T, Isaka T. Measurement of muscle length-related electromyography activity of the hip flexor muscles to determine individual muscle contributions to the hip flexion torque.SpringerPlus
» Subject/Design: Within subject, randomized, counterbalanced design of male subjects (n=11) who . g 2014;3(1):624.
participated in CrossFit for a minimum of three months. ;'8 2 5 T ':g °1 T . » 10. Montoya K. Kipping Pull Up. 2015.[cited 2016 Sep 9 ] Available from: https://www.youtube.com/watch?v=EevMYz_FYQw
* Anthropometrics: (Mean % SE): age of 30 £ 3.5 yrs, height of 178.8 £ 1.6 cm, =z - 11. Oglesby B. An electromyographic study of the rectus abdominis muscle during selected gymnastics stunts. AAHPERD Publications 2016;[cited 2016 Dec 1]
weight of 85.0+ 3.1 kg, and body fat percentage of 12.5+2.0% . . 12. Pate R, Burgess M, Woods J, Ross J, Baumgartner T. Validity of Field Tests of Upper Body Muscular Strength. Research Quarterly for Exercise and Sport 1993;64(1):17-24.
* Procedure/Materials: Participants came for a total of two sessions (T1 & T2) \] 13. U.S Department of Health and Human Services. Health, United States, 2015: With Specific Feature on Racial and Ethnic Disparities. Washington, DC: Centers for Disease Control and Prevention; 2015.
* Tl EvaluatEd KPU and SPU form’ anthropomEtrics measured’ and familiarization Of procedure for T2 5_ = 14. US Naval Special Warfare/Navy Special Operations Physical Training Guide. (June 5, 2005). Available at: http://www.navy.com/ m/pdf/eod/PST_TrainingGuideJUNO7.pdf Retrieved April 19, 2010, from America's
e T2: Electrode and Marker placement, and max voluntary isometric contraction (MVIC) completed [7]. s » : e : > : v . et Navy.
Subjects completed two trials of pull-ups: 5 SPU’s and 5 KPU’s Time (s) 15. Vanderburgh, PM and Edmonds, T. The effect of experimental alterations in excess mass on pull-up performance in fit young men. J Strength Cond Res 11: 230-233, 1997.
16. What is CrossFit - CrossFit: Forging Elite Fitness [Internet]. Crossfit.com 2016;[cited 2016 Sep 15]
Figure 4. Knee Angle vs. Time during a single SPU and KPU for Figure 5. Hip Angle vs. Time during a single SPU and KPU for
Subject 1. Subject 1. 17. Yamasaki T, Gotoh K, Xin X. Optimality of a kip performance on the high bar: An example of skilled goal-directed whole-body movement. Human Movement Science 2010;29(3):464-482.

18. Youdas J, Amundson C, Cicero K, Hahn J, Harezlak D, Hollman J. Surface Electromyographic Activation Patterns and Elbow Joint Motion During a Pull-Up, Chin-Up, or Perfect-Pullup™ Rotational Exercise. Journal o
Strength and Conditioning Research 2010;24(12):3404-3414.

www.PosterPresentations.com




