Kranking® – Biomechanics and Physiology
By Jim Karanas, M.S. (jimk@krankcycle.com)

Objectives

· Be able to explain the necessary anatomy and the vast array of movement and biomechanical principles that are part of Kranking®.
· Be able to explain the physiological benefits of using Kranking® in designing continuous training programs for upper-body muscle groups.
· Be able to explain how the unique design of the Krankcycle® produces surprisingly high heart rates, levels of oxygen consumption and caloric burn.
· Be able to discuss important historical data regarding upper-body rotational exercise as performed on a UBE and all current research being performed with the Krankcycle, as well as the differences between the two sets of research.

History of Upper-Body Rotational Exercise

· 1821 (England) Louis Gompertz’s hand-driven Hobby Horse
· Innovation never pursued
· 1935 (U.S.) James Begley 1st arm-crank patent
· “Exercise device adapted to be grasped and pushed or pulled”
Arm Cranking – Early Studies

· 1960 A.C. Bobbert: Journal of Applied Physiology
· “Physiological Comparison of Three Types of Ergometry”
· Arm cranking compared to cycling and walking
· 1974 Shaw et al: American Journal of Cardiology
· “Arm-Crank Ergometry: A New Method for the Evaluation of Coronary Artery Disease”
· 1974 Davies and Sargeant: Ergonomics
· “Physiological Responses to Standardised Arm Work”
Arm Cranking – Early Studies
· 1984 Pimental et al:  Medicine and Science in Sports and Exercise
· “Physiological responses to prolonged upper-body exercise”
· 60 minutes at a moderate intensity 
· Application in designing continuous training programs for upper-body muscle groups
· 1984-2004 plethora of research validating the efficacy of “arm cranking” 
· The Upper-Body Ergometer (UBE) became standard 
· Geared primarily towards rehabilitation and special markets 
· Never entered the mainstream.  
The UBE

· Widely used in physical therapy. 

· Targeted to individuals who cannot use their legs for physical activity.

· Crank arms are fixed (asynchronous)

· Operates in both forward and reverse directions.

· Removable seat.

· Crank-arm length ~ 250 mm. 

· Distance between crank arms ~ 250 mm.

· Emphasis on the arms and shoulders.
The Hand Cycle

· Used in athletic endeavors.

· Similarities to regular bicycle regarding fit.

· Crank arms fixed (usually synchronous but can be asynchronous)

· Internal rotations only.

· Crank-arm length 170-200 mm

· Distance between crank arms ~ 170 mm

· The prime movers are the Pectoral muscles, Rhomboids, Trapezius, Anterior/Posterior Deltoids, Rotator Cuff, Triceps, Biceps and Brachioradialis (Forearms).

The Krankcycle®

· Used by everybody.

· Independent crank arms.

· Independent R, L, synchronous and asynchronous.

· Internal and external rotations.

· Crank-arm length 169 mm.

· Distance between crank arms ~ 100 mm.

· Much higher cadences can be achieved.

· Muscles recruited depend on movement and cadence.

Muscle Recruitment - Historical

· H. Gollee, K. J. Hunt, S. Coupaud, A. N. McLean, M. H. Fraser
· 7th Annual Proceedings International Functional Electrical Stimulation Society (2002)
· “An Apparatus for FES-assisted Arm-Cranking Exercise in Tetraplegia”
· EMG study using surface electrodes and a table-top hand crank.
· Asynchronous only.
· Limited mobility. 
Independent Crank Arms

· Most important innovation of the Krankcycle®.  
· Each arm can drive the Krankcycle but one arm cannot assist the other.
· Benefits for lower-body cycling are well documented.
· Luttrell and Potteiger
· Journal of Strength and Conditioning Research (2003).
· “Effects of Short-Term Training Using Powercranks on Cardiovascular Fitness and Cycling Efficiency”
· Heart rate,VO2 max elevated and muscle activation greater (EMG).
· 6 weeks induced physiological adaptations that reduce energy expenditure during 1-hour sub-maximal efforts.
Independent Crank Arms

· Fully trains the trapezius, levator scapulae and rhomboids through shoulder girdle adduction and elevation equally with the antigravity muscles of the shoulder girdle. 

· Facilitates neuromuscular changes that improve both form and efficiency. 

· Balances the muscle capabilities and improves the coordination of upper extremities and core, which lowers the risk of injury. 

· Exercises many more muscles and improves coordination simultaneously.

· Results in increased VO2 max and increased basal metabolic rate for improved performance and weight loss.
The Arm-Crank Stroke

· The arm-crank stroke moves through a range of 360 degrees.

· Degree of recruitment progresses as you move from UBE to Hand Cycle to Krankcycle. 

· The muscular recruitment depends on the:

· Equipment

· Movement

· Cadence

The Shoulder Girdle

· Bones include Scapula and Clavicle with a link to Axial skeleton 
· Lack of posterior attachment to the axial skeleton allows for a wide ROM

· Functions to allow attachment areas for numerous muscles that move the shoulder and elbow

· Muscles include: (posterior) trapezius, levator scapula, rhomboids (major and minor); pectoralis major and minor, serratus anterior, subclavius.

· Movements include abduction (protraction), adduction (retraction), downward rotation, upward rotation, depression and elevation.

Predicted Recruitment on the Krankcycle 1
· Seated, independent, feet parallel, no girdle
· Primary Muscles:

· Elbow extension and flexion: biceps brachii, triceps brachii, brachialis, brachioradialis 
· Shoulder extension and flexion:  anterior and posterior deltoid, coracobrachialis, latissimus dorsi, teres major, pectoralis major (clavicular head)
· Stabilizers:

· Rotator cuff: supraspinitus, infraspinitus, teres minor, subscapularis
· Scapular stabilizers: serratus, lower trapezius, rhomboids
Predicted Recruitment on the Krankcycle 2
· Standing, independent, lunge, with girdle

· Primary Muscles:
· Elbow/shoulder extension and flexion.

· Shoulder girdle protraction, depression, upward and downward rotation: serratus, anterior, pectoralis major and minor, trapezius upper and lower, rhomboideus major and minor, latissimus dorsi levator scapulae. 

· Stabilizers:
· Rotator cuff
· Trunk rotators: internal and external obliques, erector spinae, deep trunk rotators, multifidi

Predicted Recruitment on the Krankcycle 3

· Standing, double, deep squat, hard climb, increased trunk flexion

· Primary Muscles:
· Elbow/shoulder extension and flexion.

· Shoulder girdle protraction, depression, upward and downward rotation:  rectus abdominus, internal and external obliques, hip flexors (all), latissimus dorsi, pectoralis major, trapezius (upper, middle and lower), deltoids (all)
· Groin and Hamstrings: glutes, sartorius, gracilis, adductor longus, magnus and brevis, pectinius, semi-membranosis, semi-tendonosis, biceps femoris, gracilis
· Stabilizers:
· Rotator cuff

· Trunk rotators
· Legs

Predicted Recruitment on the Krankcycle 4

· Standing, single leg L, independent R with shoulder girdle
· Primary Muscles:

· Elbow/shoulder extension and flexion.

· Shoulder girdle protraction, depression, upward and downward rotation.
· Trunk rotators

· Hip internal and external rotators, deep hip stabilizers, deep trunk stabilizers

· Stabilizers:
· Rotator cuff

· Trunk rotators
· Legs

Heart Rate and VO2 Max Response to Arm Cranking – Historical

· Pimental et al (1984) “Physiological responses to prolonged upper-body exercise.”  Med Sci Sports Exerc (training study)
· Mean peak VO2 – 34.9 ml/kg/min (arm cranking), 48.7 (leg cycling), 72% ratio
· Mean peak heart rate – 181 (arm cranking), 188 (leg cycling), 96% ratio
· Pendergast (1989) “Cardiovascular, respiratory, and metabolic responses to upper body exercise.”  Med Sci Sports Exerc (literature review).
· Max VO2 during arm work in untrained ~ 70% max VO2 leg work (46-88%).
· Highly arm trained subjects (kayakers) exhibit arm VO2 > leg VO2.
Standing vs. Sitting

· Nag (1984) “Circulo-respiratory responses to different muscular exercises” Eur J Appl Physiol
· No differences were found in the results obtained for arm work at any work level in either sitting or standing positions.
· 13% higher workload (power output)
· Advanced training sequences in the Kranking program offer a wide variety of standing positions, lower-body movement, and choreographed transitions between the seated and standing position. 
University of Wisconsin – LaCrosse 

· Predicted Energy Expenditure
· 30-minute training session

· Real-time heart-rate display for entire training session.
· Color-coded training system.
· Estimates Energy Expenditure through “interbeat interval variation.”
· Respiration rate estimates ventilation and oxygen consumption is approximated
Kranking and Caloric Burn
· Muscle hypertrophy

· Improved O2 consumption

· Increased O2 consumption during a single training session 

· Increased weekly O2 consumption

· Dynamic exercise protocols utilizing variable intensity 

VO2 Max Response to Kranking

· Performed at Club One using a New Leaf Gas Analyzer on a Krankcycle
· 5 trained subjects (6 months, three 30 min sessions/week)
· Standing double at 80 rpm
· Resistance added manually 10% RPE increments every 90 sec (heart rate stabilized) 
The Physiology of Kranking
· Physiological characteristics of elite upper-body athletes

· Muscle-fiber analysis of the upper body

· Energy demands of Kranking

· Cardiovascular adaptations from prolonged Kranking

· Historical data with the UBE

· Current Krankcycle VO2 Max measurements

· Training zone predictions

· Strength adaptations from prolonged Kranking

· Sitting vs. standing

· Complex movement patterns

· Training principles
Adelphi University

· J O’Brien, AB Stein, S Wright, C Whitebay, T Plusch, J Wygand, and RM Otto,  Adelphi University, Garden City, NY
· The Energy Cost and Hemodynamic Response to Arm Crank Exercise using Three Movement Patterns on an Independent Crank Cycle

· No significant difference in HR or VO2 between three movements
Adelphi University 2

· A Stein, RM Otto, J O’Brien, T Plusch, C Whitebay, S Wright and J Wygand

· The Cardiovascular and Metabolic Response to Arm Cranking at Three Cadences on an Upper Body Independent Crank Cycle.

· Arm cycle exercise can elicit substantial metabolic demand of 7.3 to 8.9 and 9.8 METS at cadence of 80 to 100 and 120 rpm, respectively
Upper Body versus Lower Body
· Trainability of arms vs. legs

· Competition for cardiac output
