Walking, Normal and Pathological





Terminology





Gait 


¥	walking (feet overlap, so one foot lands before the other takes off)


¥	running (one foot takes off before the other lands - a flight phase)








Distance measures
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¥	Step Length = distance from one foot strike to the next (left to right or right to left) - about 0.75 m for normal adults


¥	Stride Length (one gait cycle) = two successive steps (by both left and right feet - about 1.5 m for normal adults)








Temporal measures





¥	Stance = period when the foot is in contact with the ground (62% of gait cycle in normal walking)


¥	Swing = period when the foot is off the ground (38% of gait cycle in normal walking)


¥	Double Support = period when both feet are on the ground = (Stance - Swing)/2 = 12% of gait cycle in normal walking





Velocity = distance moved in a certain time (about 1.5 m/s or 5 km/hr in normal adults)


Cadence = number of steps (left and right)  taken per minute (about 110 st/min for normal adults). Like a pendulum, lower-limb swings at a frequency (cadence) inversely proportional to it’s length, so shorter people have a higher cadence.








Velocity = stride length x cadence


	                     120





and therefore:








Stride length = 120 x velocity


	                  cadence





This provides a very easy way to calculate stride length in the clinic, using a stop watch to measure the velocity, while counting the number of steps taken to walk a measured distance.


�



Normal Development





Walking begins at about 12 - 15 months of age


Children have shorter legs, so cadence is increased (170 st/min at age 1 yr to 140 st/min at 7y)


Stride length is roughly the same as height (stature), so a child 0.5 m tall will have an expected stride length of about 0.5 m


Velocity is roughly 1 stature/s, so a child 0.5 m tall will have an expected walking velocity of about 0.5 m/s


Walking pattern more flexed than adult, especially at hip and knee, becomes adult  at 7 yrs, and gait parameters stabilise by 16 - 18 yrs (when long bones stop growing)


Elderly people gradually shorten stride length after about 65 yrs, but cadence remains relatively constant





Effect of Speed





Since 





Velocity = stride length x cadence


	                 	     120





there are two ways to increase speed: increase in stride length or increase in cadence. Normally, both increase at first, until stride length reaches a maximum of 1.6 m. 





Gait velocity is very sensitive to pathology and should be measured frequently during rehabilitation to chart progress. Patients tend to compensate for a short stride length by increasing cadence, so calculating the stride length is even more useful. 





8 Phases of the Gait Cycle (Perry)





Stance


¥	Initial Contact, IC (heel-strike)


¥	Loading Response, LR (first double support, till body CG over foot)


¥	Mid-stance, MSt (from contralateral Toe-off)


		¥     Terminal Stance, TSt (till contralateral contact)


¥	Pre-swing, PSw (push-off)


Swing


¥	Initial  swing, ISw (till maximum knee flexion)


¥	Mid-swing, MSw (till shank vertical)


¥	Terminal swing, TSw (till next contact)
























































Role of the muscles





The two basic functions to be performed are:





¥	Stance (body maintained upright by anti-gravity muscles)


¥	Swing leg advancement (leg swings forward ahead of the rest of the body)





Stance





The anti-gravity muscles are:





¥	Hip Extensors (gluteus maximus, hamstrings)


¥	Knee Extensors (quadriceps femoris)


¥	Ankle Plantarflexors (gastrocnemius/soleus = triceps femoris)





Of these, the triceps is the most important. Body weight passes in front of the ankle throughout most of stance, so the plantarflexors must be active the whole of this time. Moreover, by locking the ankle, they also stabilise the knee when body weight passes in front of the knee joint. This is called the plantarflexor-knee extensor couple, and is very important in both normal and pathological gait.
















































































Swing leg advancement





The leg is made to swing forward at the end of stance by two mechanisms: push-off and pull-off. The ankle plantarflexors push the leg forwards, while the hip flexors (ilio-psoas) pull it forward. Once these events occur, the rest of swing takes place without any muscular assistance - in fact in terminal swing the hamstrings are activated to slow down the leg ready for landing. The amount of clearance by which the foot clears the floor during mid-swing is very small (about 13 mm in normal walking).








Energetics





The whole purpose of gait is to move the body forward. Any movement of the centre of gravity (CG, which in normal walking is situated just in front of the S2 vertebra) from side-to-side or especially up and down (against gravity) will waste energy. Most movement therefore takes place in the sagittal plane (plane of progression). Some movement is required in the frontal planes for balance, and in the transverse plane to improve energy efficiency.





The methods by which the deviations of the body centre of gravity are kept to a minimum are called the determinants of gait, described by the orthopaedic surgeon, Inman





¥	pelvic rotation


¥	pelvic list


¥	stance phase knee flexion


¥	ankle rockers


¥	segment rotations 


		¥     genu valgum





Common Gait Pathologies


	


In most gait pathologies, the patient will attempt to compensate. Deciding what is a primary abnormality and what is a secondary compensation can often be quite difficult. Here’s a few of the most common ones:





Problem�
Causes�
Compensations�
�
Inadequate Clearance�
Leg-length inequality, inability to flex knee in swing, ankle equinus deformity, excess (>2¡) pelvic list (Trendelenberg)�
Circumduction


Vaulting (opposite foot on tip-toe)


Hip-hiking (pelvis lifted)�
�
Short step length�
Weak push-off/pull-off, overactive hamstrings in terminal swing


Pain (antalgic gait)�
Hyperactive hip extensors in early stance, Forward trunk lean


Shortened stance phase, Forward trunk lean�
�
Balance problem (dysequilibrium)�
Cerebellar Ataxia, vestibular problem�
Wide base of support (normal = 50-100 mm)�
�






References





	Inman VT (1994) in Rose J & Gamble JG, Human Walking, 2nd. ed., Williams & Wilkins.





	Perry J (1992) Gait Analysis: Normal & Pathological Function, Slack Inc.





	Winter DA (1991) The Biomechanics & Motor Control of Human Gait, 2nd. ed., Univ. of Waterloo Press.





	Normal Walking: an overview based on gait analysis (video) AVM QP 310.W3 N657.





Clinical Gait Analysis home-page: http://www.polyu.edu.hk/cga








Dr. 
