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Current situation in lower limb orthotics 



Gait after stroke 

 Flaccid paralysis 

Swing : Foot drop  

Stance : Knee collapse 

 Spastic paralysis 

Eequinovarus 

Genu recurvatum 

 

When to consider orthosis  

 Different needs according to the phase 

 Early orthotic intervention is required in some cases 

 Close monitor the change of muscle tone, development of spasticity  

 DO NOT HURRY 





Assessment 

 MMT 
 

 Spasticity, tone, reflex 
 

 ROM (active and passive)  

     *Gastrocnemius shortening 

- ankle dorsiflexor passive ROM : knee extension < knee flexion  

- dorsiflexion angle of orthosis : dictated by GCM length 

- inappropriate dorsiflexion setting (greater than actual GCM length)  

   midfoot collapse, gait deviations 
 

 Gait analysis 



Lower limb orthosis after stroke 

 Review (2021) 

 14 trials, 282 patients 

 

 Increase of ankle dorsiflexion angle during walking 

 Improved walking speed 

 

 No effect on fall frequency, QOL, ADL 



Lower limb orthosis after stroke 

 Review (2021) 

 19 studies, 434 patients 

 

 AFO improved gait speed, cadence, step length, and  

   stride length  

 Improve in sagittal plane angle of the ankle, knee,  

    and hip  

 ankle dorsiflexor weakness or hyper plantarflexion                                                 

    problems can benefit 

 



Selection of orthosis according to clinical features 

foot drop 

knee collapse 

equinovarus + genu recurvatum 



Foot drop 

 Ankle dorsiflexsor weakness 

 

 Foot drop in swing 

 Initial contact with forefoot 

 Foot-flat as foot dorsiflexed by weight 

 

 Compensatory strategies : hip hike, vaulting, circumduction, steppage gait 



one-piece AFO 

 Posterior leaf spring AFO 

 Traditional  

 

 (Dynamic) AFO  

 DynaAnkle® : control rotation 

 AFO Dynamic®, WalkOn® : carbon 

 

 Material : Carbon 

 strong, lightweight, energy-storing 

 

 Shape : medial or lateral strut / anterior shell 

 less visible in shoe, fit inside any shoe 

 



 TurboMed® 

 

 

 

 

 Foot-up® 

 Foot-wrap 



articulated AFO with double adjustable ankle joint  

 Plantarflexion resisting spring or stop/block at appropriate angle (typically 90°) 



FES (functional electrical stimulation) 

 Worn around calf, stimulate peroneal nerve 

 Controll : instrunmented foot plate, accelerometer, or microprocessor 

 Advantages : greater option for shoe wear, cosmesis, improve muscle strength  

 but. Control only swing phase 

 



 FES vs AFO 

 Review (2018) 

 8 papers 

 FES = AFO  

     : walking speed after 4-6 weeks’ use 

 



Implanted FES (ActiGait®) 

 Cuff electrode : 4-channel stimulation for the peroneal nerve 

 External control unit with antenna : on/off, stimulation intensity 

 Heel switch : control the timing of the stimulation 

 

 

 

 One-year follow up 

 increased dorsiflexion angle at initial contact without stimulation 

 no improvement in gait speed  



Knee collapse 

 At stance phase 

 

 Ankle plantarflexor weakness  

 Quadriceps weakness 

 or Both 

 

 

 

 

    Orthosis to block dorsiflexion (block tibial progression)  

 

 



AFO 

Articulated AFO with dorsiflexion stop 

 double-adjustable ankle joint : allow fine tuning of ankle alignment 

 

Rigid plastic AFO 

 thickness, stiff plastic, corrugation, carbon composite inserts or carbon laminate 

 

Hinged AFO  

 lock hinge  unlock with plantarflexor motor recovery  

 

Ground reaction AFO 

 block dorsiflexion-GRF in front of knee center-create extension moment-prevent knee collapse 

 original ground reaction AFO : designed in plantarflexion. difficulty with tibial progression 

 modern ground reaction AFO : 5° dorsiflexion to help tibial progression 

 



KAFO 

 Improve postural alignment and enable better weight bearing in early stage of rehab 

 KAFO  AFO : by removing knee upright 

 Article 

 participants - mean post-stroke interval 26.8day 

                         - unstable knee and ankle joint 

                         - insufficient with AFO 

 

 stand as long as possible in various condition  

      (step base width, tandem stance, eye open/close) 

 within one week after providing KAFO  

       (spring assisted extension knee joint & Klenzak ankle joint) 

 

  improved static standing balance 

 



KAFO 

 Locking knee  

 maximum stability 

 

 Extension assist knee 

 assist knee extension during swing phase 

 not prevent knee flexion 

 

 SPEX® knee 

 GX-knee® 

 Levitation® knee brace 

 



KAFO 

 Stance control mechanism 

 Ankle activated  

 terminal swing full extension-lock the knee for stance 

 terminal stance ankle dorsiflexion-unlock the knee for swing 

 

 Weight activated  

 instrumented footplate 

 

 Gait activated  

 pendulum, accelerometer, inclinometer 

 SP2 system®, FreeWalk® 

 E-mag®, C-brace® : with microprocessor 



Hypertonic ankle plantarflexor + Knee hyperextension 

 a.k.a. Spastic gait pattern 

 Common gait pattern in choric phase of stroke 

 Increased plantarflexor tone  

 difficulties on both swing and stance phase  

 foot remain plantarflexed during stance  

      – full contact only at persistent knee extension, hyperextension or midfoot collapse 

 

 

 



Knee hyperextension 

 Direct control (X) 

 Knee orthosis  

 KAFO  

 

 Indirect control (O) 

 Prevent plantarflexion with AFO – control knee hyperextension 

 Angle of dorsiflexion : 5~10° 

 Angle of dorsiflexion < Angle of inclination of the tibia  

 

 Rigid plastic AFO 

 Articulated AFO with plantarflexion stop 

 



Rigid plastic AFO 

To overcome high plantarflexion moment  

 Adequate stiffness  

 stiff plastic (such as polypropylene)  

 anterior trim lines 

 corrugation  

 reinforcements of cabon composite material 

 

 Ankle strap : required to maintain foot position  

 

 Extending foot plate to end of toes : in presence of  tonic toe flexion reflex 

 

 If AFO must be made in plantarflexion (contracture, sustained ankle clonus) 

: angle of tibial inclination can be achieved by varying heel height or heel wedge 

: heel lift on the contralateral shoe 



Articulated AFO with plantarflexion stop 

 Allow dorsiflexion  

 Benefit only with adequate dorsiflexion range (GCM length) 

 Dorsiflexion with short GCM :  knee go early and excessive stance phase flexion 

 To stretch GCM 

 GCM cannot be lengthened with dorsiflexion allowing AFO 

 use extension of knee in late stance - orthosis should be designed to block dorsiflexion 

 



 Review (2018) 

 Articulated vs Non-articulated 

 Total 27 article 

 20 - chronic phase of stroke patient (> 6 months) 

 5 - subacute phase (3~6 months) 

 2 - acute phase (< 3 months) 

 

 All types of AFOs : positive effects on ankle kinematic 

in loading response and swing phases, but not on 

knee in swing phase 

 Articulated AFO : better effects on preventing ankle 

plantarflexion by providing dorsiflexion assisting force 

 

 Assessed immediate or short-term effects only 



 More choices 

 Advances in manufacturing technology 

 New materials and shapes 

 High technology such as microprocessor 

  

 The more you know, the better you can choose 


