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Abstract Recovery of walking after stroke requires an under-
standing of howmotor control deficits lead to gait impairment.
Traditional therapy focuses on removing specific observable
gait behaviors that deviate from unimpaired walking; howev-
er, those behaviors may be effective compensations for under-
lying problematic motor control deficits rather than direct ef-
fects of the stroke. Neurological deficits caused by stroke are
not well understood, and thus, efficient interventions for gait
rehabilitation likely remain unrealized. Our laboratory has
previously characterized a post-stroke control deficit that
yields a specific difference in direction of the ground reaction
force (F, limb endpoint force) exerted with the hemiplegic
limb of study participants pushing on both stationary and
moving pedals while seated. That task was not dependent on
F to retain upright posture, and thus, the task did not constrain
F direction. Rather, the F direction was the product of neural
preference. It is not known if this specific muscle coordination
deficit causes the observed walking deviations, but if present
during walking, the deficit would prevent upright posture un-
less counteracted by compensatory behaviors. Compensations
are presented that mechanically counteract the F misdirection
to allow upright posture. Those compensations are similar to
behaviors observed in stroke patients. Based on that alignment
between predictions of this theory and clinical observations, we
theorize that post-stroke gait results from the attempt to compen-
sate for the underlying F misdirection deficit. Limb endpoint
force direction has been shown to be trainable in the paretic

upper limb, making it a feasible goal in the lower limb. If this
F misdirection theory is valid, these ideas have tremendous
promise for advancing the field of post-stroke gait rehabilitation.
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Introduction

For humans with post-stroke hemiparesis, the ability to walk
promotes independent living and is held as an important goal
[1–4]. The neurological consequences of a stroke, however,
lead to walking difficulty [1, 5–7]. Fortunately, recent ad-
vances in understanding neuroplasticity have established the
potential for restorative therapy as an improvement over tra-
ditional therapy techniques which consist primarily of at-
tempts to alter compensatory behaviors [8]. The mechanisms
by which the neurological insult disrupts gait are poorly un-
derstood [9, 10], however, as evidenced by the inconclusive
pool of studies surrounding theoretically promising therapeu-
tic approaches [11–18]. Such lack of understanding is not
surprising given that even non-disabled locomotion is poorly
understood at the neural control level [6, 19–21]. Develop-
ment of more effective rehabilitation must be facilitated by
understanding the mechanisms by which stroke disrupts gait.

This paper aims to inform new research and clinical direc-
tions by investigating the theoretical implications of how a
particular motor control deficit observed in post-stroke indi-
viduals contributes to walking deviations. The preferred con-
trol of ground reaction force (F) direction has been shown to
be altered post-stroke [22]. In that study, participants per-
formed a seated pushing task that involved isometric legs
pushing on a fixed pedal while in a fixed seat. The pedal
measured F magnitude and direction. Because F direction
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was unspecified, the F direction produced reflected central
nervous system priority. Non-disabled participants and the
non-paretic leg of post-stroke participants preferred to direct
F near the center-of-mass (CM), independent of leg posture
(Fig. 1a) [22, 23]. Post-stroke participants, however, showed a
preference for directing F anterior to the CMwith their paretic
limb. Both ischemic and hemorrhagic stroke participants ex-
hibited this behavioral preference in chronic and acute phases.
That miscoordination would disrupt upright posture by
pitching the person backward if used in a situation where F
is the only force available to control whole-body angular mo-
mentum (WBAM), such as during hand-free walking
(Fig. 1b).

Study of non-impaired walking suggests that this typically
CM-directed control of F is a component of walking [24]. The
anteriorly misdirected F has not been directly observed during
walking, because it is impossible to remain upright when
using that deviation in isolation. With F control altered in
the manner described post-stroke, successful walking would
require behaviors that compensate for the mechanical effects
of the disrupted motor control. Those compensations would
obscure the underlying F misdirection deficit, preventing di-
rect measurement of a misdirected force during walking.
Thus, to assess the plausibility that this disrupted motor con-
trol affects walking, this work proposes behaviors that are
mechanically sufficient to counteract a misdirected F and
compares them with behaviors observed in post-stroke gait.
Similarity between the proposed compensatory behaviors and
the behaviors observed in post-stroke gait supports this theory
of misdirected F direction as a major deficit causing walking
problems. Therapy that addresses the motor deficit of F mis-
direction could be highly effective by eliminating the need for
compensatory behaviors. The expectation is that rehabilitative
strategies developed to target this specific motor control def-
icit rather than target behaviors that compensate for that deficit
should result in more effective gait restoration.

Significance of the Ground Reaction Force (F)
in Motor Control of Gait

Walking has specific mechanical requirements. The primary
mechanical requirement is to retain upright posture so as to
prevent a fall. Anteriorly misdirected F after stroke would
disrupt gait by interfering with the way people typically meet
that requirement. From this, compensatory behaviors can be
predicted.

In mechanical terms, upright posture requires supporting
the body against gravity and controlling rotation of the whole
body. This means WBAM (Fig. 1b) must be controlled by an
external force on the body. The ground reaction force (F) is the
only means available to provide that support by producing a
torque about the CM to alter WBAM. F results from the net

common output of numerous neural motor signals, and be-
cause stroke alters those signals, the effect of the neurological
insult is embedded in F. Therefore, this work will focus on F
to provide insight into both the stroke-induced neural deficit
and the resulting impact on walking.

The contributions of F to walking can be understood by ex-
pressing F as a magnitude and direction. F magnitude is largely
responsible for supporting body weight. F direction is largely
responsible for variations in torque about the CM, which deter-
mines body orientation. Both Fmagnitude and direction deficits
are potential mechanisms of stroke gait disruption.

Sufficient F magnitude is necessary to support the body
against gravity. F magnitude capacity is often reduced in the
paretic limb after stroke [10, 25–29]. Insufficient Fmagnitude
would adversely affect gait, because without producing suffi-
cient F magnitude to oppose gravity, a person will fall down.
F magnitude capacity could be improved by strengthening
exercises, in which case those exercises would be expected
to improve gait. Such strengthening exercises, however, do
not provide the consistent and functionally significant im-
provements to gait that should result if F magnitude were
the primary deficit [30–34].

F magnitude deficiency is not the only potential problem
disrupting post-stroke gait; F direction also needs to be con-
sidered. Due to the large effect of small changes in F direction
on WBAM, the consequences of a deficit in F direction are
expected to cause a person to fall over and not down as was
the case for F magnitude deficit.

The direction of F during walking has been studied
in various populations with and without walking diffi-
culties [35–42]. The F direction produced by the paretic
limb during walking following a stroke has been iden-
tified as atypical [38, 43] and has been used as a target
metric for therapy [37]. That therapeutic intervention
had promising results showing that the direction of F

Fig. 1 Seated pushing efforts show F directed toward the CM except
when affected by stroke, where F is biased anteriorly (a) [22]. Anteriorly
biased F would produce a posterior pitching acceleration (counter-
clockwise change in WBAM) disrupting upright posture (b)
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correlated with functional ability, which supports the
targeting of F direction deviations [37]. Those studies
of F direction during walking, as well as others exam-
ining atypical muscle activation synergies and timing
[44, 45], support the theory of miscoordination as a
neural mechanism for impairment following stroke.
They do not, however, precisely characterize that
miscoordination. It remains unclear which of the atypi-
cal behaviors previously described were due to
neuromotor dysfunction and which were compensatory
strategies [46]. Our objective is to examine the plausi-
bility of a specific miscoordination in the hemiparetic
limb during walking that has not been addressed by
these previous studies to inform understanding of stroke
and develop more effective therapy.

Post-Stroke Gait Behavior

Post-stroke gait behavior consists of direct effects of the neural
injury and compensations for those direct effects [46]. Stroke
alters nervous system motor control, producing direct effects
such as reduced muscle activation overall or differentially
across muscles. If the direct effects have significant impact
on attaining behavioral goals, they are likely to elicit compen-
sations. Compensations may also cause other disruptions to
gait, inducing further compensations [47]. Compensations
that reduce the effect of F on WBAM will be called primary
compensations. Those induced by primary compensations
will be called secondary compensations.

Primary compensations can reduce the undesired effects of
F on WBAM in four ways. F alters WBAM via magnitude
and direction of torque about the CM, as torque is the product
of force magnitude and the moment arm (r) (Fig. 1b). The four
ways to reduce the effect of F onWBAM are to (1) decrease F
magnitude in the paretic limb (and increaseFmagnitude in the
non-paretic limb to maintain sufficient average vertical force),
(2) decrease the duration of time that paretic leg F acts, (3)
reduce the moment arm of F by redirecting F, or (4) reduce the
moment arm of F by repositioning the body. Primary compen-
sations for F misdirection must address one or more of these
as presented in separate sections below.

Primary Compensation: 1) Decrease F Magnitude

Reducing the magnitude of the misdirected F decreases
the torque about the CM and thus reduces the postural
disruption. However, that magnitude reduction interferes
with the walking requirement of average net force of the
ground acting on the feet having a sufficient vertical com-
ponent to counter the force of gravity. Thus, decreasing
the magnitude of the paretic leg F necessitates the

secondary compensation of increased non-paretic leg F
magnitude (Fig. 2).

A common feature of hemiparetic gait is decreased magni-
tude of paretic leg F, often referred to as lateral weight-bearing
asymmetry [10, 25–28, 48]. The common rationale is that
weak paretic leg muscles prevent the generation of sufficient
force magnitude. Or, if able to generate sufficient force, the
weakened muscles operate closer to their peak force capacity
which increases fatigue and motivates the person to produce
less paretic leg force. An alternate explanation for reduced
paretic leg F magnitude is that it reduces the postural imbal-
ance induced by the misdirected F. The magnitude of the
paretic leg contribution to the F required for body support
can be reduced by positioning the CM laterally off the midline
and biased toward the non-paretic leg (Fig. 2). The weakness
explanation is discredited by the failure of strength increases
to reduce the asymmetry as discussed above [30–34].

Primary Compensation: 2) Decrease F Duration

Reducing the duration of the misdirected F decreases the al-
teration of WBAM (Fig. 1b). With shortened paretic F dura-
tion, the requirement to counter the force of gravity requires an
increase in non-paretic leg Fmagnitude and/or duration. Thus,
asymmetric stance/swing timing is predicted from F
misdirection.

Post-s t roke gai t is character ized by specif ic
asymmetries. As the non-paretic leg swing requires the
paretic limb to solely support body weight, a shortened

Fig. 2 Positioning the CM laterally closer to the non-paretic foot reduces
the F magnitude required of the paretic foot
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non-paretic swing time facilitates decreased duration of
the paretic limb F. This makes it more difficult for the
non-paretic foot to advance forward a normal distance,
resulting in short non-paretic step length. By decreasing
the amount of time supported by the paretic limb, the
non-paretic stance phase is relatively prolonged. Walk-
ing after stroke commonly exhibits those features
[48–57].

Primary Compensation: 3) Redirect F

F may be generated in a more favorable direction by
utilizing passive joint torques instead of those produced
by the post-stroke neural activation. The direction of F
with respect to the leg, for a given leg posture, is a
function of the relative hip, knee, and ankle torques
[58]. Modulating the relative magnitudes of those joint
torques alters F direction. Hip, knee, and ankle torques
can be generated by neural activation of muscle or by
passive mechanisms such as the ligament and bone
forces that engage near the end of a joint range of mo-
tion [53]. Stroke appears to reduce the ability of the
neural system to select among various coordination strat-
egies [59, 60]. Thus, passive joint torques may become
an attractive option with which to control F following
stroke.

To support the body against the force of gravity, knee
buckling (uncontrolled flexion) must be prevented.
Hyperextending the knee joint (extension beyond hip-
knee-ankle co-linearity) engages ligament and bone forces
that produce a knee flexion torque that resists further knee
extension (Fig. 3a, b). Thus, knee hyperextension allows
the leg to produce F without the use of muscles crossing
the knee. No hip torque is required, so F will have a line
of action that passes near the hip joint (neglecting leg
weight and limb acceleration). That orientation for the F
line of action is likely to be closer to the CM than the
misdirected F produced by the stroke-induced preferred
muscle coordination [22]. Thus, upright posture would be
more readily maintained by adopting a preference for a
hyperextended knee angle to passively produce the knee
torque necessary to support body weight.

Knee hyperextension is a common post-stroke behavior
[25, 53, 61]. Other investigators have proposed that knee hy-
perextension is caused by excessive ankle plantar-flexor
torque (plantar-flexor spasticity [53, 62]), impaired knee pro-
prioception, spastic quadriceps, or weak knee extensors [63].
While those certainly can contribute to knee hyperextension,
the present theory that knee hyperextension is an effective
compensation for Fmisdirection also predicts secondary com-
pensations of excessive plantar-flexion torque and spastic
quadriceps to maintain knee hyperextension (see BSecondary
Compensations: Preservation of Knee Hyperextension^

section). These primary and secondary compensations are
likely to develop because of the stability benefits of directing
F closer to the CM.

Primary Compensation: 4) Align CM with Force

Instead of redirecting F to align with the CM, a body posture
adjustment can position the CM closer to the F line of action.
The direction of F depends on the relative torques at the hip,
knee, and ankle. Thus, for a given set of joint torques, the
force line of action has a specific direction relative to the
leg, regardless of how the leg is oriented in space. Flexing
the body at the hip joint shifts the whole-body CM anteriorly
relative to the leg and simultaneously reorients the leg poste-
riorly, pivoting about the ankle. This maneuver brings the F
line of action closer to the CM, thus reducing the posterior
pitching torque (Fig. 3a, c).

Humans with hemiplegia frequently have a body posture
that is characterized by an excessive hip flexion angle during
walking [63–65]. That body posture can effectively eliminate
or reduce the postural imbalance caused by the abnormal force
control by aligning the CM with the force line of action (Fig.
3c). The compensation is only necessary on the paretic side, so
in many individuals the flexion of the hip is present only on
the paretic side (sometimes designated Bpelvic retraction^)
[28, 50, 66].

Fig. 3 F direction can be reoriented from the neurally miscoordinated
direction which is anterior to CM (a) to the appropriately directed
orientation near the CM (b) by relying on passive knee joint torque
generated with knee hyperextension. Alternatively, leg rotation
posteriorly (c) redirects F, and rotation of the torso anteriorly keeps the
CM over the feet, resulting in a hip flexed posture that prevents the
posterior pitching torque (a) because the F line of action now passes
through the CM
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Secondary Compensations: Preservation of Knee
Hyperextension

The preservation of the hyperextended knee posture (primary
compensation 3 above) may be enhanced by activation of
selected muscles. Depending on the laxity of the knee joint,
the knee may be able to hyperextend far enough that it will
remain stable in the hyperextended position. However, tight
knee ligaments may limit hyperextension to only a few de-
grees, such that minor disturbances could begin to flex the
knee. A flexed knee will begin to collapse, possibly triggering
the preferred muscle coordination that produces the
misdirected F. To avoid that, hip extension torque and/or ankle
plantar-flexion torque can assist inmaintaining knee extension
[62]. Those specific joint torques have been observed post-
stroke [67–69]. Of the various joint torque patterns that can
serve to keep the knee extended [70–72], individuals may
choose among those patterns. That latitude may result in the
variability in joint torque patterns observed [26, 73]. Co-
contraction of knee muscles stiffens the joint and can also be
used to stabilize the hyperextended knee posture as is ob-
served post-stroke [29, 53, 72, 74].

The improvement in balance provided by a hyperextended
knee posture during stance could motivate other behaviors to
sustain that knee posture. Keeping the knee hyperextended
during swing phase could serve to ensure that the knee can
passively bear weight during initial heel contact. An abnor-
mally extended knee joint during swing phase is commonly
observed after stroke [53, 61, 73, 75, 76]. Knee extended
posture during swing could be attained by abnormal activation
of knee extensor muscles around the time of swing initiation,
as is observed after stroke [76].

During stance phase, knee extension can be facilitated by
an ankle plantar-flexor torque [68, 69]. Plantar-flexor muscles
generate a torque at the ankle joint that attempts to increase the
distance between the toes and the knee. With plantar-flexor
muscles active, the floor prevents the toes frommoving down.
Thus, the knee is forced backward, helping to keep the knee
extended. The plantar-flexor torque shifts the center of pres-
sure forward under the foot and, if excessive, may even lift the
heel off the ground. The center of pressure under the
hemiparetic foot is often anterior compared to that of non-
disabled subjects [25, 77], and frequently the heel does not
touch the ground (pes equinus) [25, 63]. An anterior center of
pressure also rotates F direction posteriorly in mechanical
linked segment interactions [78] which also aids in aligning
the F line of action with the CM.

Initial foot-ground contact under the forefoot, rather than
the heel, can also be used to promote knee extension. In non-
disabled adult walking, ankle dorsi-flexor muscles are active
at initial foot-ground contact to keep the force of the ground
on the heel from causing the foot to approach the floor too
rapidly [69]. However, that dorsi-flexor muscle torque

also tends to flex the knee [68, 69]. Normally, knee extensor
muscles counteract knee flexion, limiting it to 10–20 degrees
[79]. If a person with hemiparesis is avoiding the use of mus-
cles to prevent knee collapse (see above), ankle dorsi-flexion
torque should be avoided because of the knee flexing effect.
The simplest way to avoid ankle dorsi-flexion torque is to not
activate those muscles. If the foot is in a standard posture at
initial contact (heel touchdown first) and the pretibial muscles
are not activated, the foot will quickly plantar-flex until it is
arrested by the floor. This is called drop-foot and often is
accompanied by a slapping sound as the foot sole hits the floor
[79–81]. An alternate approach is to hold the foot in a plantar-
flexed posture so that initial ground contact is made with the
forefoot. No dorsi-flexion torque is needed and the foot will
not slap onto the ground. A plantar-flexor torque can be
employed and will assist in keeping the knee extended. To
summarize, the commonly observed plantar-flexor actions
(torque and posture) support the primary compensation of a
knee extended posture.

Additional Secondary Compensations

Additional compensations may be required to relieve negative
consequences of the behaviors that support knee hyperexten-
sion (presented above). Both the plantar-flexor torque and the
plantar-flexed foot posture, in combination with the extended
knee, may be carried over to the swing phase to ensure that the
advantages are present during stance phase without having to
repeatedly activate and deactivate those features on every cy-
cle. Without some knee flexing and ankle dorsi-flexing, the
leg will be too long for the foot to clear the ground when
advancing the foot. A readily available solution is to raise
the hip joint during swing phase (Bhip-hiking^) and/or swing
the leg laterally (Bcircumduction^). These are common behav-
iors observed in post-stroke gait [25, 51, 53, 82].

A continuous demand for plantar-flexion action could lead
to spasticity and contracture of the posterior tibial muscles and
flaccidity of the pretibial muscles. The ability of the triceps
surae muscles to supply the required plantar-flexion action can
be enhanced by increasing the gain of the stretch reflex of
those muscles. The knee has inherent passive stability when
forced into hyperextension. Thus, there is little risk of exces-
sive plantar-flexor torque causing too much knee hyperexten-
sion. Thus, strong and possibly even excessive reflex gain in
the triceps surae to support the plantar-flexion actions could be
expected. If excessive, this could manifest as spasticity. The
plantar-flexed posture leads to chronic use of the posterior
tibial muscles at a shortened length, leading to contracture.
Disuse and possible antagonist inhibition could lead to flac-
cidity of the pretibial muscles. These are observed post-stroke
[25, 63].

The sense of instability induced by the misdirected force
may also induce co-contraction of multiple leg muscles.
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Co-contraction is a commonmeans to control an unstable load
[83–85]. The critical joint that enables the leg to bear weight is
the knee, thus co-contraction is primarily expected in muscles
that cross the knee. This is observed post-stroke [29, 53, 72,
74].

Discussion

Rehabilitation of post-stroke gait should be guided by an un-
derstanding of the mechanisms by which stroke disrupts gait.
It is theorized here that a contributing mechanism to post-
stoke gait disruption is a specific miscoordination of leg mus-
cles that is characterized by F that is anteriorly misdirected.
This theory predicts specific gait behaviors that are well suited
to compensate for the postural instability caused by that
miscoordination. Those specific behaviors are commonly ob-
served in post-stroke gait, supporting this theory. The avail-
ability of various compensations allows individual patients to
present with differing behaviors [44], all emerging as solu-
tions to a common underlying miscoordination.

Post-stroke gait therapy should be based on the most prox-
imal cause for which there exists adequate understanding and
potential means to induce positive change. The theory here
aims to extend understanding to a more proximal factor in
the causal chain between the ischemic event and gait difficul-
ties. It is proposed that the motor control deficit characterized
by F misdirection is responsible for a range of behaviors and
may be a more proximal cause than those presented in the
literature. The ability to therapeutically correct the Fmisdirec-
tion has not yet been established in the post-stroke lower limb
but has been in the upper limb. Practice reaching in a robot-
induced force field induces specific changes in post-stroke
reaching kinematics that require the limb end point to be pro-
ducing force against the handle in a new direction [86–88].
This success in retraining end point force direction in the
paretic upper limb suggests that post-stroke individuals are
capable of learning appropriate force direction in the lower
limb [89, 90] if provided with the necessary training
environment.

Therapies that are able to correct the F misdirecting motor
control deficit are expected to also eliminate the gait devia-
tions that are compensations for that deficit. On the contrary,
therapies that attempt to eliminate those compensations with-
out first retraining F direction are expected to be less effective
in restoring functional gait. Without retraining, F direction
compensations are still needed. Therapy that eliminates some
compensations will just necessitate the adoption of other com-
pensations that are likely to be less optimal thoughmay be less
apparent to therapists or researchers.

Relationships among the existing literature explanations
for post-stroke gait deviations and the F misdirection theory
need to be explored. This theorized mechanism is consistent

with and extends existing explanations for post-stroke gait
behaviors. For example, stiff-legged gait has been attributed
to inappropriate joint torques that result in a leg posture with
excessive knee extension [25, 53, 61]. Those torques vary
across individuals and include excess knee extension and an-
kle plantar-flexion [53, 63]. While it is possible that stroke
causes a variety of joint torque deficits, an alternate hypothesis
is that knee hyperextension is an effective compensation for F
misdirection. Individuals then adopt diverse joint torque strat-
egies to achieve that limb posture [25].

Another example of how the force misdirection theory ex-
plains current therapeutic experiences is its predictions of ap-
parent progress during therapy [91–94] as well as minimal
transfer to overground walking [12–14, 95–97] for body
weight supported treadmill training (BWSTT). The BWSTT
environment places external forces on the walker via the har-
ness that can counteract the postural disturbance caused by F
misdirection (posterior pitching). The harness can apply
forces to the torso that do not pass through the CM and thus
can exert a torque to oppose the torque produced when F is
misdirected. In this way the BWSTT environment acts similar
to the behavioral compensations discussed above, muting the
effect of the F misdirection. By reducing or eliminating the
need for the walker to use the compensatory behaviors that
were adopted to stabilize upright posture during overground
walking, the BWSTTenvironment allows the walker to utilize
the misdirected F without experiencing postural disturbance.
Thus, no compensatory behaviors are employed and the walk-
ing kinematics appear closer to normal [91–94]. However, the
BWSTT environment is unlikely to induce change in the mo-
tor control deficit producing the F misdirection, and thus, the
same compensatory behaviors are necessary once overground
walking is resumed [12–14, 95–97].

Limitations

There is an inherent limitation in the ability to observe direct
empirical evidence that post-stroke F misdirection disrupts
gait. Physics constrain F direction in order to remain upright
while walking in a steady state. Namely, the average torque
about the CM must be zero. The presence of an F in some
other direction would preclude walking by producing a non-
zero average torque. Thus, F misdirection cannot be directly
observed during walking. Rather, a task other than walking
must be used to observe this motor control deficit. That task
must not be dependent on F for balance. Seated pushing pro-
vided that environment and allowed the observation that post-
stroke individuals have anFmisdirectingmotor control deficit
[22]. The use of a non-walking task to discover the F misdi-
rection is not unlike the use of non-walking strength tests to
postulate that post-stroke walking is degraded by reduced F
magnitude capacity [10].

Transl. Stroke Res.



It is also recognized that the explanation for gait deviations
discussed here is not the only plausible one. Strong supporting
evidence for the force misdirection theory, however, is that the
single motor deficit of F misdirection can specifically predict
a broad range of observed behaviors and the response of pa-
tients to therapy (e.g., BWSTT).

The evidence on compensatory behaviors presented here
provides indirect support for the theory. Direct evidence of
measuring F misdirection during post-stroke gait may be pos-
sible in a mechanical environment that specifically counter-
acts the postural disturbance of the F misdirection, allowing
the person to produce the misdirected Fwithout compensatory
behaviors. Current clinical body weight support harness sys-
tems may provide that mechanical environment.

Conclusion

The foot force misdirection observed post-stroke [22] is evi-
dence of a motor control deviation that should be considered
as a possible explanation for the gait abnormalities typically
present in that population. Anteriorly biased F direction in
post-stroke individuals would disrupt posture and prevent up-
right locomotion if used during walking with no other changes
in balance strategy. Compensatory behaviors, however, could
preserve upright posture during walking despite the presence
of that F direction bias. Compensations are proposed here for
their ability to accommodate an anteriorly biased F direction
during walking. Those compensations are similar to observed
post-stroke behavior. This similarity supports the theory that
deviation in F direction may be an underlying explanation for
gait abnormalities in stroke patients and is therefore an appro-
priate target for therapy.
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