
 

 

Table 1. Peak joint moments (Nm kg-1) of the contralateral limb no ROM restrictions (free) and with knee flexion set to zero (locked) 
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Summary 

A brace limiting knee flexion was used to isolate the 

contributions of stiff-knee gait on contralateral limb loading 

during walking. Our results suggest that a fixed knee condition 

during stiff-knee gait does not increase contralateral lower 

limb joint loading, supported by observations of reduced peak 

hip flexion, hip abduction and ankle plantarflexion moments. 

Introduction 

Post-stroke gait is characterized by reduced paretic propulsion 

(due, in part, to reduced ankle plantarflexion moments), and 

reduced paretic knee flexion, or stiff-knee gait [1]. These 

altered characteristics limit walking performance and are 

associated with changes in joint loading and secondary 

musculoskeletal disorders including osteoarthritis [2]. 

However, the specific influence of reduced ankle pushoff and 

knee flexion on joint loading are difficult to determine given 

that ankle plantarflexion contributes to knee flexion during the 

swing phase of gait [3]. To isolate the specific contributions of 

stiff-knee gait on contralateral limb loading, this pilot study 

was conducted on healthy individuals using a knee brace to 

limit knee flexion only, while allowing unrestricted ankle 

plantarflexion. We hypothesized that restricting knee flexion 

during walking will increase peak moments at the hip, knee, 

and ankle joints of the contralateral limb.  

Methods 

An eight-camera motion analysis system was used to record 

the 3D positions of 40 reflective markers placed on the pelvis 

and lower limbs. One healthy subject (F) was recruited to walk 

on a fully instrumented split-belt treadmill at 1.25 ms-1. A 

Donjoy knee immobilizer was worn unilaterally for two 

walking conditions: (1) without limits on knee range of motion 

(ROM) (free) and (2) with ROM limited to zero degrees of 

flexion or extension (locked). Modeling and simulation were 

performed in Opensim using a full-body model adapted to 

represent the lower limb and scaled to match the participant’s 

anthropometry [4]. Inverse kinematics and inverse dynamics 

were used to compute joint angles and moments, respectively; 

joint moments were calculated as an average of 10 consecutive 

strides. Peak joint moments were determined for the locked 

and free conditions; paired t-tests (p<0.05) compared the peak 

joint moments at the hip, knee, and ankle for both conditions.  

Results and Discussion 

Contralateral transverse plane peak hip rotation moment 

increased significantly in the locked condition when compared 

to the free condition (Table 1, Figure 1). This peak moment 

occurs early in single-support and appears to compensate for 

impaired swing limb progression of the braced limb. However, 

there were significant reductions in peak hip flexion, hip 

abduction, and ankle plantarflexion on the contralateral limb 

in the locked condition when compared to the free condition, 

suggesting reduced knee flexion does not increase peak 

contralateral lower limb moments at all joints (Table 1).  

Figure 1: Average contralateral hip rotational moment with the brace 

restricting knee flexion (locked) and without restriction (free)  

Conclusions 

Reduced peak hip flexion, hip abduction, and ankle 

plantarflexion moments in the fixed condition suggest that 

reduced knee flexion did not increase contralateral limb 

loading at all joints in this participant. A detailed analysis of 

joint reaction forces will be conducted with additional subjects 

to determine how muscle activations impact joint loading; 

ongoing analyses applies computed muscle control 

constrained by experimentally collected EMG. Future work 

will isolate the impact of reduced plantarflexion on joint 

loading by locking the ankle and leaving the knee free. 
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 Hip Flexion Hip Abduction Hip Rotation  Knee  Ankle 

Free 0.712 1.060 0.204 0.750 1.560 

Locked 0.577 0.808 0.251 0.727 1.476 

P-Value (paired t-test)  0.024* 0.001* 0.009* 0.399 0.012* 
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