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Handcycling

how to optimize performance

Sonja de Groot
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1655 - first handcycle was invented by
watchmaker Stephan Farffler (1633-1689)
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1875 - Velociman

A New Self-acting Invalid Carriage.

For invalids afflicted with paralysis or some other
ailment which prevents them from walking, a hapdy
little carriage has been invented by Mr. George King,
of Madras Place, Holloway Road, London. It can be

[AMES TR'CYCLE 00- a2 STEVENS CHAIR €O, PITISBURG, PA.

f the
Tatent Aekigns of Tricycies for the erip: STEVENS’ INVALIDS’

pled 0 Tricycles iyor those who would

TRICYCLES

RIS Z
he pleasures of ¢ d de
ride the bicycle. Wheel chairs for inval-
ids, and Hospital Appliances. Send for
illustrated catalogue.

EAMES TRICYCLE CO. 210G Market st-

1898, first chain-
driven wheelchair
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s  “ROTARY"
*2 HAND TRICYCLE
_ IS THE STANDARD OF
e\ QUALITY, UTILITY, AND VALUE.
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A LIGHT RUNNING INVALID TRICYCLY

S:y,

FITTED WITH FIRST CLASS PNEUMATIC TIRES

1950 1983 - first attachable

handcycle for a wheelchair.

GET CRANKING

Top End "Predator” the first hand crank that

really cranks. Speeds obtainable upto30

mph. It's Safe, and corners like a dream.

Great Exercise and Fun. Faster, more

o an anything on the
market Get the "Predator”

| The Crank that Cranks.

TE&PEND=

6551 44th Street North, #5002

T Preday Pinellas Park, FL 33565
kot i 9 sz 1993
1986 sport version — Lt d b o

feet forward 1991

1999 - kneeling
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HAND-PEDALED TRICYCLE

from Freedom Specialties, Inc.

* 3-speed

* cruise up to
20 mph

* coaster brake,
toggle-type
parking brakes

* rack under seat
wheelchair hitch,
if desired

* adult and
children’s models

* 4130 chrome-moly
tube frame/
12 colors

* 5-year warranty
on frame,
manufacturer’s
warranty on bike
parts and seat

¢ delivery 2-4 weeks

Freedom Specialties' hand-pedaled cycles provide enjoyable aerobic exercise
and access to the great outdoors, let physically challenged individuals join the
rest of the bikers . . . all this, and a wheelchair can follow along for errands,
daily work transportation, and greater freedom. For information, call or write:

Freedom Speciames Box 83  Cleghorn, IA 51014

1989

* $895 + shipping
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Arm Power Arm Trunk Power
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Compared to wheelchair propulsion: 14
* Physiologically more efficient (vaimeieretal, 200

—
no

@ 35 W:
- Lower VO2, HR and RPE,
- Higher gross ME

Gross efficiency (%)
o

00}

25 Watt 35 Watt
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. . b‘ s
Compared to wheelchair propulsion: 4, | Handbike | | Wheelchair

1400 |

* Lower shoulder loads

S @
= =
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(Arnet et al., 2012)

Glenohumeral Contact Force [N

Recovery Phase
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User Interface Handbike
Fitness level Gears Mass
Skill (A)Synchronuous Size
Crank & hand grip Wheel characteristics

Seat position

Task dependent => mobility, recreation, sport
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User
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* Structured handcycle training — last 8 weeks of inpatient rehab (vooijenetal, 2015)
* 3x/week 45-60 min interval training, Borg score 4-7 (N=45)

91% completed handcycle training; no adverse events

Training intensity: mean Borg score 6.2 +1.4

Training frequency: 1.8 + 0.5x/week

POpeak (36%) and VO2peak (10%) improved significantly
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To promote handcycling after rehabilitation -> HandbikeBattle

’ *  Kaunertalergletscherstrasse in Austria; 20 km, 900m
‘ *  Teams: 4-6 former patients from 12 Dutch rehabilitation centers
A
® * Goal: Encourage wheelchair-users to initiate or keep training
after the rehabilitation period
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Handcycling — HandbikeBattle
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HandbikeBattle started in 2013:
-> testing and training people in a handcycle for such a challenging event

* Best protocol for testing?

* Best training program?
*  What is the effect of participating in the HandbikeBattle (training & event)

on physical and mental fitness?

START T1 T2 13 T4

May/June

Jan Nov June

.

D,

MediC.aI HandbikeBattle
screening

Reade
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* @Graded exercise test: arm ergometry
*  What protocol to select? (pe Groot et al., 2019)
* 30 s Wingate test & GXT

N=93 SCI (35 TP, 58 PP) — 80% (model) vs. 20% (validation) Srp
S 1507
Theoretical model POpeak/kg E s,
o
= 125
(+) POmean Wingate (W) 3 N .
= /
(') Age (years) g 1007} A
(-) Sex (M/F) -.E 75 '
o -
. e / A
(-) Body mass index (kg/m?) : o .
(-) Time since injury (years) - o i
N 25
(+) Lesion level (TP vs PP) 3
2 8 ]
o p
R*76% I 5 % % & &5 &
ICC 0 89 (exce"ent) POpeakGXT measured (W)
Figure 1. Scatter plots of the measured vs. predicted POpeakGXT and line of identity
(solid line) and 20% deviation boundaries (dashed lines).
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Training for the HandbikeBattle: (Hoekstra etal., 2017)

16% T POpeak
7% 17 VO2peak

POpeak T2 (W)

What kind of training regime led to these improvements?

* Dose-response?

*Which methods can be used to assess training load

in handcycling?

Reade
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Association internal vs. external training load measures
moderate (r=0.3-0.5); large (r=0.5-0.7);
very large (r=0.7-0.9); nearly perfect (r>0.9)

TRIMP e
Subject no. Class vs. TS
N
1 H3 15
2 H3 5
3 H3 45
4 H3 42
5 H3 14
6 H4 47
7 H4 20
8 H4 26
9 H4 31
10 H5 28
r within subjects 260 De Groot et al., 2018
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Ingrid Kouwijzer — PhD student HandbikeBattle

*  What kind of training regime led to these improvements?
* Dose-response?

* Effects on QoL and its relationship with fitness arch phys Med Rehab submitted
-> presentation on Friday 6 September —9.30-9.45h.

* Predictive modeling pisabil Rehabil, 2019
* Test protocols — ramp vs. 1-min vs. 3-Min EurJ Appl Physiol, Accepted 2019

* Interrater & intrarater reliability ventilatory thresholds in SCI spinal cord, 2019
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From rehab to HandbikeBattle to Paralympics:
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Fair competition with respect to
level of impairment => Classification

Mean Sprint Power Output

11%
700 | |
Effects of push-off ability (closed-chain) . .
Kouwijzer et al., 2018 . I I
3
i
§-I1m —
o g H —
- Interaction user - equipment e |
100 —

. Peak Sprint Power Output

Fig. 2. Two-feet support (top), 1-foot support (middle), no foot support
(bottom). White arrow indicates the metal frame of the footrests.
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2018 PARA-CYCLING ROAD
] MANIAGO =
WC™< 9 CHAMPIONSHIP  JiVARY =

Rafael Muchaxo

- Is the average race speed different between current classes? (Poster Friday 6 Sept 16.00-18.00h)
- Influence of trunk strength on handcycling performance (Oral Saturday 7 Sept 11.30-11.45h)
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Handbike Interface
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Measuring the handcycles of the HandbikeBattle participants

251 147 201
Mean =13912
10 Std. Dev. = 2,833
20— Mean = 18,20 N =51 Mean = 1,22
Std. Dev. = 2 405 Std. Dev. = 286
N=104 157 N=101
Pa— = =
§ 15 § c
] 5 g
o o
H o 4
R = B
[T [Ty [T
107
o
-
15 20 25 15 20 25 100 150 200 250

Ratio crank width / shoulder width

Mass handbike (kg) Crank length (e¢m)

But what is good?? => Evidence?
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B

Handbike
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Factor (Rolling) Resistance

Mass handcycle T ™

De Groot et al., 2014

Tyre pressure | ™
Wheel size |, T
Camber angle T ?
Toe in/toe out T ™

T

Maintenance

Frontal surface T T
Mannion et al., 2019; Perret Vista 2013

Claudio Perret — Vista 2013
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Handcycling - handbike
Thesis Paul Mannion - 2019

Impact of following factors on the drag of Paralympic hand-cyclists:
Arm-crank pOSitiOﬂ: 9 o’clock position yielded the lowest drag area for all yaw angles

Disk vs. spoked wheels & the relationship with cross winds

2
)
>
2\%
%\ @ Drag
< 7 %
® lforce
Z. )
2
2N
%\
S

Lateral force

(b) 3 o'clock
A=0269m?

(d) 9 o'clock
A=0.246 m?

(c) 6 o'clock

1) All Zipp

Sub9
A=0247m?
£

sponding to each arm-positiyzaﬁmluded for comparison.

Best

Figure 1. Four arm-crank positiéns of interest, denoted as (a) 12, (b) 9, (c) 6, and (d) 3 o’chck. The projected frontal areas corre-

11) Al Zipp 404 (free-
spoked)

I1l) Front Zipp 404

\v

What they normally do

(free-spoked) &
rear Zipp Sub9

IV) Front Zipp Sub9 &

rear Zipp 404 (free-
Fis

ig. 1. (a) Three wheel geometrie:
riants of wheel combin.

s under study: Zipp Sub9 disk, free-spoked Zipp 404 and Zipp 404 with spokes included. (b) Depiction of hand-cycle geometry with fou
ions.
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Interface
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Handcycling - interface

Factor

Synchronuous vs Asynch

Dallmeijer et al., 2004; Woude et al., 2008;
Bafghi et al., 2008

Gears
Woude et al., 2001; Faupin et al., 2008

Crank position

Faupin et al. 2008; Arnet et al., 2014;
Vegter et al., 2019

Crank length
Kramer et al., 2009; Goosey-Tolfrey et al., 2008

Hand grip angles
Kramer et al., 2009; Abel et al., 2015

Seating position

Faupin et al, 2008; Arnet et al., 2012 & 2014,
Verellen et al., 2012; Kouwijzer et al., 2018

Physiology

Sync:
ME ™ HR {
POpeak T VO2peak ™

Higher gear ratio (heavier):
VO2 1 HRT MEJ

Fore-aft:
ME =

Longer: PO T
ME J,
Width: PO =
+30° optimal PO generation
HRpeak, VO2peak =
Vertical grip: lactate T
Kneeling:

POpeak T
VO2peak ™ ME |

NB Different test protocols, handbike set-ups, participants, etc.

Biomechanics

Sync:
2D total force T
FEF

Higher gear ratio :
trunk flexion/ext

Not above shoulder
Elbow angle 15°:
contact force |

Fore-aft closest to trunk

Ben Stone
PhD thesis:

Handbike

Back seat more upright: ~ configuration

Shoulder load
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Optimization of handcycling performance (physiological & biomechanical) is
important from Rehabilitation to Paralympics

Optimization of:

°* The user

*  The handbike

* The interface

All individually adjusted in the context of the task (mobility, recreation, sport)
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Thank you for your attention!

Email: s.d.groot@reade.nl




