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a b s t r a c t 

To terminate gait, the mechanical work-done by the lower-limbs is likely to be predominantly negative 

but how such work is produced/completed has not previously been investigated. The aim of this study 

was to determine the amount of negative mechanical (external) work-done by the lower-limbs, along 

with the associated joints (muscle) work, to terminate gait and how these work contributions were af- 

fected by a change in surface angle. 

Eight males completed terminations on the level floor and a declined ramp. Negative mechanical 

limb-work (limbW ( −ve) ) was computed (each orthogonal direction) as the dot-product of the ground- 

reaction-force and centre-of-mass (CoM) velocity. Inverse dynamics was used to calculate ankle, knee 

and hip negative joints (muscle) work (Wj ( −ve) ). Measures were determined for each limb for the two- 

locomotor steps of gait termination. 

The trailing-limb did 67% ( −0.386 J/kg) of the overall limbW ( −ve) to terminate gait on the level; 

and this increased to 74% ( −0.451 J/kg) for ramp trials. Wj ( −ve) was greater for the trailing- (ankle 

−0.315; knee −0.357; hip −0.054 J/kg) compared to terminating- limb (ankle, −0.063; knee −0.051; hip 

−0.014 J/kg), with the increases in ankle Wj ( −ve) being temporally associated with increases in perpen- 

dicular limbW ( −ve) . Wj ( −ve) increased on both limbs for declined compared to level surface, particularly 

at the knee (declined −0.357, level −0.096 J/kg), with such increases being temporally associated with in- 

creases in parallel limbW ( −ve) . These findings provide new perspectives on how the limbs do work on the 

CoM to terminate gait, and may be helpful in designing prosthetic limbs to facilitate walking on ramps. 

© 2019 IPEM. Published by Elsevier Ltd. All rights reserved. 
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. Introduction 

Ramped walkways are used as access ways to almost every

ublic building and provide an option to avoid steps and stairs.

loped surfaces can be considered as environmental hazards that

hallenge locomotor behavior [1] , and walking down ramps in par-

icular is known to increase the risk of falling compared to that for

alking on level surfaces [2] . Research undertaken to determine

ow gait is altered when walking down a 5 ° ramp, has shown

hat peak normal ground reaction forces (GRF) increase by 11% and

eak horizontal GRF by 66% compared to walking on a level sur-

ace [3] . Ultimately, the GRF generated reflect the mechanical work

one on the whole-body centre of mass (CoM) by the lower-limbs

so called external mechanical work), and is computed as the dot

roduct of the GRF and the instantaneous velocity of the CoM [4] . 
∗ Corresponding author. 
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When walking on a level horizontal surface the limb initially

erforms negative external mechanical work on the CoM follow-

ng foot contact to arrest the downward trajectory of the CoM and

edirect it upwards [4] . The contralateral (trailing) limb concur-

ently performs positive mechanical work in order to help transfer

he CoM on to the leading limb [4] . In comparison to level walk-

ng, more negative mechanical work (power absorption) is done by

he limbs when walking down ramps [5] , and surprisingly even

uring the double support phase when the CoM is being trans-

erred from the trailing to the terminating-limb, the trailing-limb

erforms predominantly negative mechanical work [6] . There are

o previous studies that have investigated the external mechani-

al work required to terminate gait and if and how such work is

ltered when terminating gait on a declined surface. 

When terminating gait, the mechanical work done is likely

o be predominantly negative in order to fully arrest (halt) CoM

elocity. When descending a ramp, arresting CoM velocity must

e undertaken whilst also lowering it down the ramp, and thus

topping on a declined surface will likely require even greater

https://doi.org/10.1016/j.medengphy.2019.02.013
http://www.ScienceDirect.com
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negative mechanical work compared to that when terminating gait

on a level surface. The present study explores these suppositions.

The specific aims were to determine the amount of negative exter-

nal mechanical work performed by each of the lower-limbs to ter-

minate gait and determine how such work is affected by a change

in surface angle from level to declined. In satisfying this aim we

compute the negative external mechanical work done by each limb

in both the parallel, perpendicular and mediolateral directions,

along with the overall negative work done by each limb. Previ-

ous research has shown that terminating gait is accomplished over

two walking steps [7–10] . Based the research mentioned above, we

hypothesised that during the two steps of gait termination, the

limb that initiates the final step (terminating limb) will perform

more negative work (power absorption) compared to that done by

the contralateral trailing-limb, and that this increased work will

be mostly done in the parallel direction due to having to arrest

CoM forward velocity. We also hypothesised that the negative work

done by the terminating-limb will increase further when terminat-

ing gait on a declined surface, and this additional increase in work

will be mostly done in the perpendicular direction due to having to

lower the CoM down the ramp whilst also arresting CoM forwards

velocity. 

To provide insight into how the lower-limbs generate the exter-

nal mechanical work done in halting gait, a secondary aim of the

present study was to determine the negative joints (muscle) work

contributions for both the trailing- and terminating-limbs when

terminating gait and determine how such joint work is affected by

a change in surface angle from level to declined. 

2. Methods 

2.1. Participants 

Eight healthy males (mean (SD), age27.5 (6.93) years, height

1.77(0.067) m, mass 73.54 (10.74) kg) with no self-reported balance

or gait abnormalities participated in the study, all giving written

informed consent. The tenets of the Declaration of Helsinki were

observed, and ethical approval was obtained from the institutional

ethics committee. 

2.2. The ramp 

The inclined walkway was modular in design and consisted of

one level section, and three angled sections that where ‘bolted’ to-

gether to provide a 4 m long by 1 m wide 5 ° declined walkway

with a 1 m long level surface at its top end. The two sections at

the lower end of the inclined walkway contained two solid (chip-

board) sloped blocks which were (bolted) onto two adjacent force

platforms. There was a 3-mm gap between each side of the sloped

blocks and the surrounding ramp, and the block surfaces were

flush with the surface of the surrounding ramp. 

2.3. Experimental protocol 

Participants completed gait terminations in two blocks: with

block order counterbalanced across participants. In one block, gait

terminations were performed on the declined ramp and in the

other they were completed over the laboratory floor. Each block

included 10 repetitions. Starting either on the level section at the

top end of the ramp or on the level floor, participants were asked

to walk (down the ramp, over level floor) at their self-selected cus-

tomary speed, and to terminate gait on the limb they indicated

was their preferred (i.e., the limb they would use to kick a ball),

which for all participants was their right limb. Gait terminations

occurred 5 to 6 walking steps from the starting location, which
as adjusted for each participant so that gait terminations oc-

urred with the final two steps landing consecutively within the

ounds of the two adjacent force-platforms or the sloped blocks

bove the platforms, i.e., left foot landing within bounds of plat-

orm 2, right foot landing within bounds of platform 1. 

.4. Data acquisition and processing 

Segmental kinematics and GRF data were collected (200 Hz) us-

ng a 10-camera motion capture system (Vicon MX, Oxford, UK)

ncorporating two strain-gauge force plates (508 ∗464 mm, AMTI,

atertown, MA, USA). Retro-reflective markers were placed on

he following locations ( Fig. 1 ): bilaterally on iliac crest (vertically

bove each trochanter when standing), greater trochanter, medial

nd lateral femoral condyles, medial and lateral malleoli, posterior

spect of calcaneus, superior aspects of first and fifth metatarsal

eads, distal end of second toe, and pragmatically on the lateral

nd medial aspects of the proximal and distal mid-foot. In addi-

ion, 4-marker clusters (semi-rigid plates with four non-collinear

arkers) were placed on the lateral aspect of thighs and shanks,

nd over the sacrum. For the upper body, markers were placed

n acromion processes, sternal notch, xiphoid process, and verte-

rae C7 and T8. A headband was used to mount 4 head markers

left/right temples, left/right back of the head). Following collec-

ion of a standing calibration trial and trials in which the limbs

ere ‘waggled’ in order to determine functional joint centres (see

elow), the markers on the medial femoral condyles, medial malle-

li and the acromion processes were removed. Labelling and gap

lling were done using Vicon Nexus 1.8.5 software. Data were sub-

equently exported in C3D format to Visual3D software (Version

.02.27 C-Motion, Germantown, MD, USA) where all further pro-

essing took place. 

A six degrees of freedom nine segment model [11] was created

or each participant. Joint centres were determined using a func-

ional joint centre approach using data from the limb ‘waggling’

rials [12] . The location of the whole-body centre of mass (CoM)

as determined as the weighted average of the nine tracked seg-

ents [13] . Data were filtered using a fourth order, zero-lag But-

erworth filter with 6 Hz and 20 Hz cut-off for marker coordinate

nd GRF data respectively. For ramp trials, a force structure rep-

esenting the dimensions and location of each sloped surface was

reated above each force platform. This allowed the centre of pres-

ure coordinates to be transformed (within Visual 3D) from each

latform surface to the top surfaces of each ‘force structure’. 

.5. Data analysis 

Foot contact (trailing/left limb, terminating/right limb) and toe-

ff (trailing-limb only) events were defined as the instants the ver-

ical GRF force first went above or below 50 N respectively. In-

tant of final bipedal standing (on platform 1) was defined as the

nstant the CoP medial velocity under the terminating-limb first

ent above 0.2 m/s following toe-off of trailing-limb (from plat-

orm 2): pilot work indicated that this coincided with the begin-

ing of limb-loading/contact of the trailing limb on platform 1 (i.e.,

s the trailing limb is loaded the CoP rapidly moves medially from

he terminating-limb towards the trailing-limb). 

The following parameters were determined: 

Walking speed: CoM forwards (antero-posterior) velocity at in-

stant of trailing-limb foot contact (on platform 2). 

Braking-phase (Brk T ) duration: time period from foot contact of

each limb up to contralateral-limb foot contact. 

Limb directional-power: dot product of GRF under each

limb and instantaneous velocity of the CoM; determined



Z.M. Abdulhasan and J.G. Buckley / Medical Engineering and Physics 66 (2019) 75–83 77 

Fig. 1. The 6DoF marker set (front and back view) used to determine body segment motion. Red and green dots – indicate markers used for dynamic tracking (green markers 

mounted on clusters); blue dots – indicate calibration markers (removed during dynamic tracking). 
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separately for the directions parallel, perpendicular and

mediolateral to the walking surface [4,6] : 

P perp = F z .V Co M perp (1) 

P par = F y .V Co M par (2) 
P ML = F x .V Co M ML (3) 

here F x , F y , and F z are the GRF (normalised to body mass) un-

er each limb in the side-to-side, parallel (A-P direction), and per-

endicular directions respectively, and VCoM ( ML/perp/par ) are the
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CoM instantaneous velocities in the side-to-side (M-L), perpendic-

ular (perp) and parallel (par) directions, respectively. 

Limb total power: summation of parallel, perpendicular and

mediolateral power: 

P tot = P perp + P par + P ML (4)

Limb negative directional-work: time integral of negative power

in each orthogonal direction, restricted to braking phase of each

limb: 

Limb W perp ( −v e ) = BrkT 

∫ 
P perp dt (5)

Limb W par ( −v e ) = BrkT 

∫ 
P par dt (6)

Limb W ML ( −v e ) = BrkT 

∫ 
P ML dt (7)

Limb negative total work: time integral of negative total power,

restricted to braking phase of each limb: 

Limb W tot ( −v e ) = BrkT 

∫ 
P tot dt (8)

Joint [muscle] power: dot product of joint sagittal moment ( M ,

normalized to body mass) and angular velocity of joint ( ω) [14] : 

P j = M.ω (9)

Joint negative work: integral of negative joint power, restricted

to braking phase for each limb: 

 j ( −v e ) = BrkT 

∫ 
P j dt (10)

Outcomes variables were determined for each limb for each

trial and then averaged across trials to give mean values for each

surface condition (level, ramp) per participant. 

3. Statistical analysis 

Limb directional- and limb total- negative work were compared

using repeated measures analysis of variance (ANOVA) with sur-

face condition (level, ramp) and limb (trailing, terminating) as re-

peated factors. Joint negative work was compared using repeated

measures ANOVA with surface condition (level, ramp), limb (trail-

ing, terminating), and joint (ankle, knee, hip) as repeated factors.

Post-hoc analyses were undertaken using Tukey HSD tests. Statis-

tical analyses were performed using Statistica (StatSoft, Inc., Tulsa,

OK, USA). The alpha level was set at 0.05. 

As highlighted above, our analysis focussed on comparing mean

outcome variables (calculated across the 10 repetitions) between

surface conditions and between limbs. To confirm that we were

justified in assessing mean outcome variables (rather than for ex-

ample, comparing the minimum or maximum), we used prelim-

inary statistical analysis to assess if there were any differences

across repetitions (e.g., learning and/or trial/fatigue effects). For

this analysis we included repetition as a repeated measures factor

within the ANOVA model. Although this analysis indicated there

was a main effect of repetition for the amount of negative limb

work done ( p > 0.03) post-hoc analysis indicated there were no

significant differences between repetitions ( p > 0.23). In addition,

there were no repetition by limb or repetition by surface interac-

tion effects ( p > 0.53). 

4. Results 

Group ensemble average directional- and total- power profiles

for each limb for ramp and level trials are presented in Fig. 2 .

Group mean ( ±SD) directional- and total- negative work values for
ach limb for ramp and level trials are depicted in Fig. 3 . Group

nsemble average joint (muscle) power profiles for the ankle, knee

nd hip for each limb for ramp and level trials are presented in

ig. 4. Group mean negative joint (muscle) work for the ankle, knee

nd hip for each limb are presented in Fig. 5 . 

Group average walking speed was 1.14 (0.16) and 1.08 (0.27) m/s

or level and declined surface respectively ( p = 0.69). 

Limb directional negative work in all three orthogonal direc-

ions was significantly affected by limb ( p < 0.03). More negative

ork was done by the trailing- compared to terminating-limb in

he perpendicular and parallel-AP directions but in the ML direc-

ion less work was done by the trailing- compared to terminating-

imb. Limb perpendicular negative work was also significantly af-

ected by surface ( p = 0.0 0 04) and by a limb by surface interaction

 p = 0.025): but there were no differences between surface condi-

ions or limb by surface interactions in the other two directions

 P > 0.37). More limb perpendicular negative work was done for de-

lined compared to level surface, and the limb-by-surface interac-

ion indicated this increase was mainly due to more work being

one on the declined surface by the trailing-limb ( p = 0.006) with

ittle difference between surface conditions for the terminating-

imb ( p = 0.77). 

Limb negative total work was significantly affected by limb

 p < 0.001) but not by surface ( p = 0.34): the interaction between

erms approached significance ( p = 0.055). Limb negative total

ork was greater for the trailing-limb ( −0.386, −0.451 W for level

nd decline surface respectively) compared to terminating-limb

 −0.193, −0.160 W for level and decline surface, respectively). The

rend interaction between limb and surface indicated that trailing-

imb negative work slightly increased on declined surface whilst

he contribution of the terminating-limb decreased slightly; how-

ver post-hoc analyses indicated differences were non-significant. 

Joint negative work was significantly affected by limb, by sur-

ace and by joint ( p < 0.001). There was also limb by surface, limb

y joint and surface by joint ( p < 0.001) interactions, and a sig-

ificant three-way interaction ( p < 0.001). Joint negative work was

reater for the trailing- compared to terminating-limb, and in-

reased on both limbs for declined compared to level surface but

ost-hoc analyses of the limb-by-surface interaction indicated only

ncreases for the trailing-limb were significant ( p < 0.001). More

ork was done at the ankle compared to knee which in turn was

reater than work done at the hip; however, post-hoc analyses of

he limb-by-joint interaction indicated differences between joints

ere only significant for the trailing-limb ( p < 0.001). The surface-

y-joint interaction indicated the increased negative joint work

one on declined surface was mainly due to increased knee work

 p < 0.001) with negligible increases at the ankle or hip ( p > 0.46).

ost-hoc analysis of the three-way interaction did not reveal any-

hing different to what the three 2-way interactions (detailed

bove) indicated. 

. Discussion 

The present study determined the amount of external nega-

ive mechanical work done by each limb to terminate gait and

ow such work was affected by a change in surface angle from

evel to declined. Counter to what was hypothesised, results indi-

ate that the mechanical work done to halt gait was done mainly

y the trailing-limb irrespective of surface angle. Specifically, the

railing-limb did 67% of the overall negative work undertaken by

oth limbs to terminate gait on the level; and this increased to

4% in ramp trials. This means the limb that gait was terminated

n only did 33% and 26% of the overall negative work in level

nd ramp trials respectively. The greater negative mechanical work

one by the trailing-limb, was due to higher magnitude negative

imb power in the parallel direction throughout the braking phase,
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Fig. 2. Group ensemble mean( ±SD band) limb directional- and total- power profiles (W/kg) for the trailing- and terminating- limbs. Data are plotted for stance phase of 

each limb with end of braking-phase indicated by vertical line. Bold line = declined surface; dashed line = level surface. 
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t  
nd to a period of negative limb power in the perpendicular di-

ection during the latter part of the braking phase ( Figs. 2 and

 ). The higher magnitude negative limb power in the parallel di-

ection throughout the braking phase reflects the increased nega-

ive mechanical work done by the trailing-limb to arrest the CoM

elocity. The increased negative limb power in the perpendicular

irection for ramp compared to level trials would have been a
esult of the increased lowering of the CoM in such trails. There

as no negative limb power in the perpendicular direction evi-

ent for the terminating-limb, apart from a very brief period im-

ediately following foot contact. This would be expected as the

oM was halted on this limb rather than being lowered/transferred

o the next step. The mechanical limb total power profile for

he trailing-limb for terminations on both level and decline is
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Fig. 3. Group mean (SD) (a) negative mechanical (external) limb work (J/kg) in all three orthogonal planes (ML, Parallel and Perpendicular) and (b) total limb work for the 

trailing- and terminating- limbs. Hashed bars = declined surface; solid bars = level surface. The data used to produce this figure has been made available (see supplementary 

material). 
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similar (in shape and magnitude) to that reported for constant

speed walking on a decline [6] . 

Previous research has shown that the terminating-limb con-

tributes considerably more of the braking (A/P GRF) force com-

pared to the trailing-limb when terminating gait on the level

[10,15] . In the present study A/P GRFs were likewise greater for the

terminating compared to trailing-limb for terminations on both the

level and decline. During planned/predicted stopping there is ad-

vanced information available regarding the distance and conditions

of the future stopping location which can be used to determine

the most efficient stopping strategy [9–10,16] . In such ‘predicted’

gait terminations the CoM velocity undergoes preparatory braking

during the first step when it losses around 10% of forward speed
efore it undergoes rapid braking during the final step [8] . As cal-

ulation of the external limb work takes in to account not only

he magnitude of the GRFs but also the magnitude of the instan-

aneous CoM velocity, a rapidly reducing CoM velocity during the

nal step would result in considerably reduced external limb work.

his explains why in the present study the limb work done by the

erminating-limb (‘last step’) was considerably less than that done

y the trailing-limb (‘second-last step’) even though the braking

orces were greater for the terminating- compared to trailing-limb.

The greater negative mechanical work done by the trailing-

ompared to terminating-limb was associated with greater

mounts of negative joints work on the trailing-limb, particu-

arly at the ankle during the latter part of the braking phase
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Fig. 4. Group ensemble mean ( ±SD band) joint (muscle) power profiles for the hip, knee and ankle joints (W/kg) of the trailing- and terminating- limbs. Data are plotted 

for stance phase of each limb with end of braking-phase indicated by vertical line. Bold line = declined surface; dashed line = level surface. 
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s  
 Figs. 4 and 5 ). Negative ankle joint work done in the latter part

f the braking phase reflects the control exerted on the shank to

overn how quickly it rotated forwards over the planted foot dur-

ng single-limb support, which in turn governed how quickly the

oM progressed over the planted foot. At the onset of trailing-limb

ingle-support the CoM would be forward of the ankle and thus

ould begin to ‘fall’ (inverted pendulum). As highlighted above,

egative limb power for the trailing-limb in the perpendicular di-

ection also increased during the latter part of single-limb support

 Fig. 2 ). This suggests that the limb negative power in the perpen-

icular direction and the negative ankle joint power were tempo-

ally associated, and thus negative ankle work (power absorption)

cts to control the lowering of the CoM during single-limb support

i.e., acts to control inverted pendulum). 

For gait terminations on the declined surface, knee negative

oint work markedly increased ( p = 0.0 0 05), particularly on the

railing-limb. This suggests that kinetic adaptations at the knee
re important in controlling the increased CoM lowering required

or ramp descent. This finding is in agreement with studies show-

ng that during downslope walking, peak power absorption in-

reases markedly at the knee joint compared to that for when

alking on the level [17,5] . In the present study, it is worth not-

ng that the increase in trailing-limb negative knee joint work for

amp compared to level trials was due to increased knee nega-

ive power during both the initial and final part of stance ( Fig. 4 ).

he increase in knee negative joint power during initial stance cor-

esponds (temporally associated) with a period of negative limb

ower in the parallel direction ( Fig. 2 ). This suggests that nega-

ive knee joint work is predominant in reducing CoM forwards ve-

ocity during limb loading (weight acceptance period), particularly

o for gait terminations on a ramp; as evidenced by the increased

egative knee joint power during this period compared to level tri-

ls. The period of increased knee negative joint power during late

tance ‘peaked’ in magnitude after contralateral limb contact, and
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Fig. 5. Group mean(SD) negative joint (muscle) work for ankle, knee and hip (A, K, and H respectively) for the trailing- and terminating- limbs (J/kg). Hashed bars = declined 

surface; solid bars = level surface. 
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appeared not to be temporally associated with any directional

component of limb power. This suggests that the knee was flexing

compliantly (no effect on the CoM) during late stance. Such com-

pliant flexion may have occurred to ensure there was a minimal

increase in CoM height, as it was transferred from the trailing- to

the terminating-limb. 

Previous research has shown that during level walking the to-

tal limb power (combined parallel, perpendicular and mediolateral)

has a negative followed by positive phase [4] , and when walking

downslope, the total limb positive work reduces, and the nega-

tive work increases (and during upslope walking the total limb

positive work increases while the negative work reduces) [6] . In

the present study, although the total limb power for both limbs

was predominantly negative, there was a period of positive total

limb power on both limbs (though such was negligible for the

terminating-limb in levels trials) during the early-to-mid part of

the braking phase. Previous research has indicated that positive

limb power during this period in stance (i.e., double-support pe-

riod) is due to the ‘push’ from the contralateral limb, i.e., transi-

tion from one inverted pendulum (limb) to the next [4] . As ev-

ident in the present study this ‘push’ was a result of positive

limb power in the perpendicular direction (i.e., upwards ‘push’,

Fig. 2 ). The amount of positive limb work done in the perpen-

dicular direction was reduced for the terminating- compared to

trailing-limb, which indicates the transfer of bodyweight onto the

terminating-limb occurred with a reduced upwards ‘push’ from

the contralateral (trailing) limb. For the trailing-limb, there was

also a short period in late stance (following contralateral limb

foot contact) when limb power in the parallel direction became

positive. This period of positive limb power likely acted to help

transfer the body CoM forwards onto the terminating-limb. No

such positive parallel power was evident for the terminating-limb,

which would be expected because the CoM was halted on this

limb rather than being transferred forwards onto the contralateral

limb. There was also positive limb power evident in the medi-

olateral direction on the trailing-limb during the latter part of

the braking phase. This positive power would have occurred be-

cause as the CoM was being transferred forward onto the con-

tralateral limb it would have also moved slightly sideways (right-

wards) from the trailing (left) limb towards the terminating (right)

limb. 
The current study has certain limitations. The study only inves-

igated gait terminations that were predictable in terms of where

nd when they occurred. We chose to focus on such gait ter-

inations because most daily locomotor activity involves volition

ver where and when to stop, and thus it is important to under-

tand how such terminations are achieved. Future work could de-

ermine the mechanical limb work involved in abrupt/unplanned

ait terminations and determine whether the contributions from

ach limb are different to that for predictable/planned gait termi-

ations. The study was also limited by having relatively low par-

icipant numbers ( n = 8) and by focussing on just the two final

ocomotive-steps involved in terminating gait. Having a participant

roup of eight is not uncommon for exploratory type studies of

uman movement/locomotion, and we do not believe that the con-

lusions made would be any different had we had a bigger group.

e focussed on the two final locomotive-steps prior to terminating

ait because previous research has shown that terminating gait is

ccomplished over two walking steps [7–10] . However, we cannot

ule out the possibility that because the study involved planned

ait terminations rather than abrupt terminations, participants did

ot begin to slow their forwards velocity during the step preced-

ng the penultimate step (i.e., the step preceding the two steps

nalysed in the current study). Future work comparing the me-

hanical limb work involved in abrupt versus planned gait termi-

ations could perhaps explore whether any apparent differences

etween the two types of gait termination are related to changes

ccurring in the step preceding the penultimate step. The results

resented provide an understanding of the mechanical (external)

imb work in all three orthogonal directions as well as the over-

ll limb work, and an understanding of the joints (muscle) work

one in achieving such mechanical limb work. However, because

nly sagittal plane joint work was computed, this may have under-

stimated the total joint work done. We investigated only sagittal

lane joints work because we reasoned that since the task of ter-

inating gait predominantly involves arresting CoM forward ve-

ocity, this would mainly be achieved via joint power absorption in

he sagittal plane [18] . The relatively small magnitude of mechani-

al limb power evident in the mediolateral direction indicates that

his was indeed the case. Furthermore, frontal and transverse plane

oint powers are known to be highly variable [19] and thus their

nterpretation would likely be problematic. Another limitation was
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hat the two force platforms used to collect GRF data were located

ext to each other with minimum spacing between them, and thus

his may have affected certain participant’s stopping strategy more

han others, e.g., taller participants may have had to ‘chop’ their

ntended foot placements to ensure they were within the bounds

f the platforms. However, none of the eight participants were ob-

erved to have such difficulties, and all appeared to carry out the

topping task in an apparently natural manner. 

In conclusion, this study indicates that during the two locomo-

or steps of gait termination, the limb that gait is terminated on

nly does 33% and 26% of the overall negative mechanical work

one by both limbs on the CoM to terminate gait on the level and

eclined surface respectively. In other words the trailing-limb does

he majority of mechanical work in arresting CoM forwards veloc-

ty. Negative joints work was also greater for the trailing- com-

ared to terminating-limb, with negative ankle work in late stance

eing the foremost contributor. The increased trailing-limb nega-

ive ankle work was associated with an increase in negative limb

ork in the perpendicular direction, highlighting the ankle’s role

n slowing rotation of the limb (and thus CoM) over the planted

oot (i.e., controlling inverted pendulum). Negative joints work in-

reased on both limbs for declined compared to level surface, par-

icularly so at the knee; indicating kinetic adaptations at the knee

re important in controlling the increased CoM lowering required

or ramp descent. A peak in negative knee joint power in early

tance was associated with a peak in negative limb power in the

erpendicular direction, highlighting the knee’s role in slowing

oM forwards velocity during weight acceptance onto the limb.

hese findings may be helpful in designing prosthetic limbs to fa-

ilitate walking on ramps. 
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