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INTRODUCTION 

Investigations of muscular synergy patterns in 
locomotion have had a variety of purposes, anti 
the results have been presented in different 
degrees of detail. Some stuciies focused on mus- 
cles acting on a particular joint, whereas others 
collsidered selected muscle groups of the lower 
extremity Partial summaries appear in the major 
literature on the kinesiology of gait. Included are 
the works of Eberhart et  al. (lo), Basmajian (31, 
Perry (23), and Inman e t  al. (16). The book by 
Inman e t  al. (16) contains an excellent pictorial 
represen1;ation of general muscle function, differ- 
entiating eccentric and concentric action. An 
example of the classic results is shown in Fig- 
ure 1. 

Population variabilities in electromyopaphic 
(EMG) patterns have been noted, and more 
recently, attention has been directed toward this 
fact (1,  19, 31, 36). Paul (21) has compiled the 
results of several reported investigations and 
indicated some significant inconsistencies on the 
phasings of particular muscles or groups. These 
apparent disagreements may be attributed either 
to differences in investigatory protocoi or  to 
actual inte~indlvidual dynamic variations (22). 
For instance, it is known that EMG patterns can 
change Miitin walking speed (19, 34). The prefer- 
ence of the investigator or the size and depth of 
the muscles or groups also influenced whether 
surface or intramuscular electrodes were used to 
record EMG activity, The investigatory para- 

special artkcle 

digms, as well as the results presented in terms 
of the action of either groups or specific muscles, 
differed generally. Some investigators stated that 
rnuseles in a group had patterns similar enough to 
average their patterns, whereas others statecl the 
opposite. For instance, compare the statements 
regarding EMG patterns of thigh musculature 
made by Battye and Joseph (4) with those made 
by Grieve and Cavanagh (14). At the other 
extreme, noted investigators suehas  Basmajian 
(3) and Inman (16) state that difkrellt regions in 
some muscles procluce different EMG patterns. 
The principal differences in experimental pro- 
tocol are whether 1 )  subjects walked freely or in 
cadence with a metronome; 2) subjects walked at 
their free speed or other speed; 3) subjects wore 
shoes or were barefooted; 4) subjects walked on a 
floor, metal plate, or treadmill; or, 5) EMG 
activity was recorded with surface, wire, or 
needle electrodes. 

Another -factor that complicates the assimila- 
tion of the results of all the investigations is the 
different methods used to analyze and represent 
EMG activity. This also hinders the creation of a 
common database for all investigators. A recent 
stancfards report contains a plea for standardiza- 
tion of research results (42). This report and 
recent publications cogently argue that the best 
method is the ensemble average of the time- 
normalized linear envelope (5, 32, 43). Another 
significant question is the type of amplitude 
normalization to reduce inter-subject variability. 
Again, recent publications show that normaliza- 
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FIGURE 1 
Electromyographic (EMG) envelopes of major muscle gl.oiil)>. 1 i.'i.oi-il i.:t)i.i*t~;it*t cht ;il i 10)  ] 

tion by the stride average reduces variability tlic TER3f.11NOXAO(;Y - 

most (35, 44). 
'The slanilard riescriptive terminology is pre- 

Besides the linear envelope. irtvestigatcirs iri ;;emcri by Perry (4-1). Each stride (gait cycle) is 
the past have used a variety d 1-eprrsenlatjons compiist"~~ two steps and is divided irlto two 
that include: 1 )  1-a\%- data (ij). 2) 011-off patterns major 11 $he sta,lce which is the 
(231, and f~ l l l -WX~ rectifird and integatei! tilllr p e r ~ o ~  when any part of the ipsilateral foot 
values in 5 percent stride s e p e l l t s  (14). i s  in contact with the walking surface; and 2)  the 

The s i~ i f i cance  of the results is also influenced 
by the number of subjects in any particular 
investigation. In most investigations less than 14 
subjects were studied. The various investigatory 
features are summarized in Table 1; note that often 
not all experimental conditions are mentioned. 
Because of these differences, this review at- 
tempts to coalesce all of the known results into an 
informational base on locomotor EMG in adults. 
I t  is not intended to be a kinesiology review, 
although some of the current concepts are men- 
tioned to provide a more relevant understanding. 
Before the synergy patterns are reviewed, gait 
terminology and stride parameters are briefly 
summaAzed. 

slcirrg pZrlrsi., which is the time period when that 
footis not in contact. The times of occurrence of 
all the events are normalized to percentages of 
the stride. Figure 2 depicts a typical normal 
timing sequence. 

The stance phase consists of several periods: 1)  
loadit~g,  which is the initial period of clouble-leg 
support (DLS) extending from foot-strike to the 
toe-off of the contralateral foot, 2) ?-izidsta~zee, 
which is a period of single-leg support (SLS) 
extending from the end of DLS to the time %.hen 
the body is positioned over the supporting Leg (at 
approximately 24 percent of the stricle); 3)  terrwi- 
nal  starzce, which is the remainder of SLS: and 
4) unloading or preswing, which i s  the siic.oni1 
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1 1. Electromyographic measurement of gait 

lit*! - ,Y Age Electrode' E'oot~vear' Timing Speed, (rills) Surface' EMG Mode1 Notes& Foot Contact" 

1 17 21-40 S SH SS on-off 
'CV SH SS F F raw 

t 14 1448 S SH M F on-off threshold = 15% video 
of peak 

S SPJ 1.1,l.g T SIC 
i3 20 K-72 S SH M-SS ==1.1 F ENV NBM FS 

- 

lib 10 S M ST=1.2 ENV FS 
I1 20 students W SH SS F F raw FS 
12 14 18-31 VV SN 1.22 T ram FS 
17 11 25-34 W SS 1.3-2.1 F INT NBM FS 
18 12 15-25 W SH SS F M raw FS 
19 6 aciult W SEI pace 0.67-2.28 M ENV NBM F S  
2l 14 S SH SS 1.4-2.1 on-off 
26 10 20-25 S INT 

- 

ST- 1.56 
27 10 20-33 N M-ss i%=110crn R raw graded, 0-5 video 
28 10 S SW M ST=2.0 E' raw FS 
29 10 S + N  SH M ST-2.0 F raw E' S 
31 25 20-40 S BF SS 0.25-1.68 M on-off FS 
36 8 12-36 W SH SS F on-off F S  
39 6 W SI-I SS F F ENV NBM cine 
40 9 2%35 S BF SS T raw F S  
41 10 young W SEI 1.22,1.47 T on-off FS 

Blank blocks indicate no data given in publication. A; = number of subjects. 
I S = surface, W = wire, n' = needle. 
" SH =shoes, BE' =barefoot, SR' = sneakers. 

SS = self-selected, M = mebronome. 
" F =free, ST = stride time (s), overbar = average. 
F = floor, T = treadmill, M = metal mat, R =rubber mat. 

I ENV = envelope, INT = integrated, SIC =spike integ~ator counts. 
i: NBM = normalized by maximum. 

FS = foot switchers. 

period of DLS extending from contralateral foot- 
strike to ipsilateral toe-ofi: The swing phase is 
divided into three stages eorrespondlng approxi- 
mately to the initial (i.e., early), middle, and 
terminal (i. e., late) time periods. Additiolial 
terms are used to accoulit for the fact that 
muscles are active through most of the two time 
periods within the transitions between stance 
and swing phases. Stanee-swiqty t~-a?lsition pe- 
riod comprises unloading and initial swing pe- 
riods; swing-stance transition pe.riod comprises 
terminal swing and loading periods. 

PARAMETERS 

of these essential parameters. The unanimous 
eonelusion is that humans are capable of an 
eightfold variation in walking speed by varying 
both stride frequency and length. The speed of 
propession is made faster by increases in both. 
At the faster walking speeds, a maximum limit on 
stride length is reached; the fastest speeds are 
achievable by increasing only stride frequency. 
Nominal values of self-selected speeds in the 
laboratory for slow, free, and fast uralking speeds 
are O.E8, 0.98, and 1.39 meters per second, 
respectively (31). As Drillis (8) has remarked: "a 
laboratory se t t i~ lg  can induee shorter step 
lengths, thus causing slower speeds." 

The stride parameters, such as speed, stride MUSCULAR SYNERGY I"A'I"1'ERNS 
lenglh, arid stride frequency are important. Dean 
( T ) ,  Grieve (13), and Nilner and Quanbury (20), This review discusses EMG patterns modular- 
among others, have eontributed to the knowledge 135 according to anatomic regions. Discussions are 
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TYPICAL NORMAL WAM CYCLE 

FIGURE 2 
Representation of typical stride states for free speed walking. [From Sutherlai~d (%).I 

started with a presentation either of the results 
of a partieulal; usually often-quoted, investigator 
or of a consensus of consistent results. The 
figures in this review are primarily selected or 
adapted from publications that focus on many 
individual muscles in a particular functional 
group, e.g., adduetors. The other investigators 
who have contributed to the knowledge of their 
function are inclicated in the figure legends and 
references. The adapted figures are general esti- 
mates of consistent results from the referenced 
publications. Because of the varieties of repre- 
sentation mentioned previously, no attempt was 
made to quantitatively average any patterns. 
However, all of the pattern variations are  
discussed. 

tween 10 and 20. 
These muscles are primarily aetive during 

terminal stance and unloading periods. In per- 
sons with pronated (flat) feet, the activity of the 
abductor hallucis, flexor hallueis, and flexor 
digitorum brevis muscles began earlier in the 
stride, sometimes a t  foot-strike. The only incon- 
sistent result is that the extensor digitorum 
brevis can be active throughout the stride in 
some individuals (29). This may be due to the 
surface electrode measurement or the slow speed 
of walking; a stride time of 2.0 seconds was used. 

It is concluded that  the intrinsic muscles 
stabilize the foot and enable it to aet as a 
hnetional unit. 

Ankle Dorsif lexors 
Intrinsic Muscles of the Foot 

The intrinsic muscles of the foot have been 
studied by several investigators. Mann and In- 
man (It?), who studied six simultaneously, have 
sluciied the most; their results are shown in 

, and all of their subjects 

Figure 4 presents a synopsis of the activity and 
function of the pretibial muscles, especially the 
tibialis anterior, which have been documented. 
Only Sheffield e t  al. (28), Rozin e t  al. (27), and 
the University of California group (39) have 
studied all three simultaneously Iliterestingly, 
they used intramuscular electrodes and 10 or 
fewer subjects. 

In general, the pretibial muscles are active 
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A N K L E  Ti-iceps Surae 

FIGURE 4 
On-off patterns of EMG activity of ankle plantar flexors ( K )  
and dorsiflexors (C). A normal ankle-joint angle trajectory 
depicting dorsiflexion (DF) and plantarflexion (PF) i s  also 
shown (A). Reference sources for data on dorsiflexors: 
tibiaiis anterior (-3, 9, 11, 19, 27, 29, 31, 39); extensor dip- 
itorum longus (29, 39); extensor hallucis longus (27, 29, 39); 
group (10). /From Perry (23). I 

All the plantarflexor muscles, with the excep- 
tion of the gastrocnemius, are single-joint mus- 
cles. They are mainly stance-phase muscles and 
all contract eccentrically until terminal stance (40 
percent of gait cycle), when they have a switch in 
function. The triceps surae are mainly concerned 
with control of formlard momentum. During mid- 
stance they decelerate tibial-talar rotation and 
allow forward momentum to extend the knee 
joint. At the end of midstance the concentric 
contraction phase begins and they impart for- 
ward momentum (i. e., push-off) (36). Activity 
usually ceases during the unloading period [see 
Eberhardt et  al. (10); Basrnajian (3); and Paul 
(2111. 

The more recent investigations show that the 
triceps surae, more often the soleus, are some- 
times active during the swing-stance transition 
period (9, 27) especially a t  faster walking speeds 

Siancc Phase 

10-19-2 3-26-2-39 5 0 6 3 %  

v o r t v r  Medial,, 

P e g o n c u r  Longut 

K n e e  

A n k l e  

2 0 30 40 50 

Swing Phase 
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16, 19, 34). The aetivity is still monophasic. The located in the anterior thigh (26). The quadriceps, 
caccentric contraction of the gastrocnemius during except for the vastus intermedius, have un- 
the deceleration stage a t  faster speeds contrib- dergone intense investigation. The others have 
utes to the deceleration of the tibia. Figure 6 not, probably because of either their relative 
shows the change in timing of the gastrocnemius unimportance for essential function or clifficulty 
as a function of walking speed; soleus changes are of measurement. There is much variation both 
similar (34). intra- and inter-i~idividually. 

Tbe Flexors Qz~adriceps 

The function of the long toe flexors seems to be 
primarily to stabilize the toes dul-ing the time of 
metatarsal contact, since their size would imply 
that there is little contribution to plantarflexor 
moment. Their timing has been investigated with 
intramuscular electrodes only a t  free speed and is 
consistent. 

Peronei alzd Rbialis Postel-iol- 

The peronei and tibialis posterior are antago- 
nists that primarily control inversion-eversion of 
the foot. During walking they control weight 
distribution on the lateral border of the foot 
during stance and orientation of the foot during 
swing (12, 40). The tibialis posterior is fairly 
consistent in its activity; whereas, the peronei, 
although usually synchronous, are definitely vari- 
able (29, 40). The peronei in many individuals are 
active during swing-phase and transition periods 
regardless of electrode type and walking speed. 

Anterior Thigh Musculature 

Figure 7' shows a typical estimate of the 
patterns of aetivity for free speed of the muscles 

The quadriceps are consistently active during 
the swing-stance transition period. There is much 
variability during the remaincler of the stride, 
and it does not matter which type of eleetrocies 
are used. The activity of the vastus interineclius 
is synchronized with the other vasti (1). The 
predominant variation is the activity ciuring the 
stance-sv\ilng transition period as clepictecl in 
Figure I. The collation of the results of many 
investigations show the following general trencls: 
1) a t  free speed, approximately 67 pereelit of the 
rectus femoris and 45 percent of the vasti pat- 
terns show activity during the stance-swing "cran- 
sition period; 2) the frequency of occurrence of 
the latter activity correlates with walking speecl: 
3) the major phase of activity of the quaclrieeps 
tends to elongate into midstance as wallii~ig 
speed increases in approximately 40 percent of 
the patterns. Interestingly, Brandell9s (6) results 
are the only ones showing the vastus meciiatis 
having predominantly midstance and termil~ai 
stance activity; his subjects ~valkeci on a 
treadmill. 

The first phase provides knee sdabiiilg for Iot.tri- 
bearing and ironically ceases activity i v l i t a x i  krrrbi- 
extension commences. The second phxsih of :ri*iir. 
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FIGURE 7 
Patterns of activity of anterior knee musculature. Reference 
sources of data for a: tensor fasciae latae and h: sartorius 
13, 26, 39); c: rectus femoris (21, 26, 31, 39); d: vastus me- 
dialis (1, 6, 26, 27, 39); e: vastus lateralis (1, 9, 19, 26, 27, 
31, 39); vastus intermedius (1, 39); group (3,  10). [From 
Rideau and Duvall(26).] 

ity oceurs primarily during the loading stage of 
the opposite extremity. It may help stabilize the 
knee and is associated with acceleration of the leg 
at the onset of swing. 

The sartorius can be biphasically active during 
loading and initial swing (26). Only Basmajian (3) 
does not report a loading period action. The 
initial swing activity elongates into the unloading 
period with faster walking speed (39). This lattler 
activity cont.ltnbutes to  hip flexion. 

Posterior Thigh Musculature 

The hamstrings comprise this group and have 
been studied under a variety of conditions: sepa- 
rately, as medial and lateral goups,  and with 
surface or wire electrodes, etc. Figure 8 is an 
adaptation from the indicated investigators and 
shows the most consistent activities. 

All heads of the hamstrings are active within 
the swing-stance transition period. However, the 
duration of the swing-phase portion at slower 
speeds of walking changes with walking speed. 
As speed increases from slow to fast, the swing- 
phase activity elongates from terminal swing 
period into the initial swing period (17, 31). An 
inconsistent second phase during the stanee- 
swing transition period (see Fig. 1) was found by 
the majority of investigators in approximately 40 

FIGURE 8 B iceps  Femoris, Long 
On-off patterns of consistent 
EMG activity of posterior knee B i c e p s  Fernoris, S h o r t  
musculature. Reference sources 
for data: biceps femoris brevis Sernimembranosis 
(3, 39); biceps femorus longus 
(3, 17, 39), semimemhranosis 
( 3 ,  9 ,  1 7 ,  1 9 ,  2 1 ,  3 1 ,  3 9 ) ;  Sernitentenosis 

s e m i t e n d e n o s i s  ( 3 ,  9 ,  19 ,  
21, 31, 39); group (4, 10). Z S t r i d e  

FIGURE 9 G l  uteus Maximus 
On-off patterns of consistent 
EMG activity of single-joint hip 
extensorlf lexors.  Reference Ilio~soa5 
sources for data: gluteus max- i 

imus (3, 4, 10, 17, 39); iliopsoas % S t r i d e  0 2 0 43 60 80 100 
(3, 4, 21, 39). 
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ptarcent of the subjects. A level of activity of the 
n~eclial hamstrings during most of midstance has 
also been reported by Paul (21), whose subjects 
walked only in the fast speed range: 1.4 to 2.1 
meters per second. However, Milner el; al. (19) 
did not find this activity at speeds of 2,228 meters 
per second. 

In the consistent phase these muscles undergo 
;a s ~ t c h  in function. The well-known deceleration 
of the lower extremity is accomplished in late 
swing with eccentric contraction. At heel-strike 
the muscles contract coneelztrically and hence 
cause hip extension during the loading and mid- 
stanee periods. The inconsistent second phase is 
also an eccentric contraction, occurring while the 
hip joint is flexing. This action serves to assist 
knee flexion and leg clearance. 

The activity of the popliteus has been reported 
by Perry (23). I t  is active during midstance and 
seems to contribute to deceleration of knee-joint 
extension. 

Hip Joint Musculature 

Hip Extensor 

The glutens maximus is the primary single- 
joint hip extensor. It is consistently active during 
the swing-stance transition period and contrib- 
utes initially to hip-joint stabilization and then to 

hip extension (Fig. 9). An inconsistent second 
phase of smaller magnitude during the stance- 
swing transition period also exists [(3, 4, 10); see 
Fig. I]. Given that hip flexion is occurring, this 
second phase would contribute to  pelvic 
stabilization. 

Hip Flexor 

The iliopsoas is the primary single-joint hip- 
flexor muscle. Its activity from terminal stance 
through midswing is a consistent finding. From a 
small study it seems that the duration is shorter 
in women (4). However, several investigators 
have elaimed that another phase of activity exists 
during the swing-stance- transition period. Since 
these latter investigators used surface electrodes 
in the femoral triangle, this second phase could 
be the result of crosstalk (4, 21). Figure 9 shows 
this summary 

The iliopsoas actually shows a switch in func- 
tion during its acknowledged range of activity 
During stance it is lengthening and must be 
assisting hip stabilization. During swing it is 
flexing the hip and becomes quiescent when the 
hip-joint angle becomes constant. If the question- 
able phase of activity is accurate, the exact 
function is difficult to discern because of the 
multitude of hip muscles that are active during 
that time. 

Abductor Group 

Figure 10 and Figure f show a consensus of 

Tensor Fasciae Latae FIGURE 10 
On-off patterns of consistent EMG activity 

Gluteus Medius of abductors. Reference sources for data: 
tensor fasciae latae (3, 17, 26, 39); gluteus 

Gluteus Minimus medius (3, 17, 39); gluteus minimus (3, 39); 

% Stride 0 20 40 60 80 100 
group (4, 10, 21,31). 

I I I I 1 I 

Graci l i s  

Adductor Longus 

Adductor Brevis 

Adductor Magnus 

FIGURE 11 
On-off patterns of consistent EMG activity 
of adductors. Reference sources for data: 
graeilis and adductor loagus (3, 39); 
adduetor brevis (3); adduetor magnus 
(3, 12, 21, 39); group (4, 10). 

% Stride 5 20 40 60 80 100 
I I I I 
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patterns for the abductor muscles. The results of 
those who stuclied the gluteus medius using 
surface electrodes are merged into the group 
pattern. 

The gluteus medius and minimus are active in 
everyone from loading through midstance and 
cease activity prior to loading of the opposite 
extremity. As walking speed increases, this 
phase for the gluteus medius extends into termi- 
nal swing in a greater percentage of people 
(17, 31). This activity stabilizes the pelvis in the 
frontal plane during stance. A second phase 
exists in approximately 40 percent of people 
during the stance-swing transition period (3, 31). 
This causes a slight abduction to promote leg 
clearmce. There have been few observations of 
isolated gluteus medius activity during midswing 
(4, 17). The gluteus minimus also has a second 
phase of activity, but it occurs during midswing 
(3). 

The tensor fasciae latae has been reported to 
show two distinct patterns of activity. One g o u p  

Acrtvicy an some subjects, but not all 

a 4 39 km hour 

5 29 km hour 

of investigators report a biphasic pattern as 
shown in Figure 10. The other group reports a 
monophasic pattern in midstance. Both pattern 
types were recorded with wire electrodes. Func- 
tionally, the tensor fasciae latae is generally an 
abductor and additionally may control the rota- 
tion of the femur (3). 

A few of the older articles report the activity of 
the adductor group, i-e., adductors and gracilis. 
A synopsis is presented in Figure 11. 

The three reports on the gracilis are perplex- 
ing although all used wire electrodes. Paul (21) 
shows it monophasically active through most of 
swing phase and loading priod, Basmajian (3) 
reports it more like the adductor longus pattern 
in the f i ~ r e ,  and the UC group (39) reported 
both types of activity. Presently there is no 
explanation for this duality. 

The adductors can be biphasically active near 

Right- 
heel contact 

Left-  
heel contact 

Right- 
heel contact 

I I 
I I I 

e i s  eis 
R iongirr~mus thorac~s 

R ~liocorcal~s lumborum 

R. mulr~fidus 

R. rotatores 

R quadrarus lumborum 

R. rectus abdomints 

R. obl~quus ext. abdom 

R. obliquur int. abdom. 

1 

0 50 100 
Walking cycle (";,) 

FIGURE 112 
EMG activity of trunk muscles. [From Waters and Morris (411.1 
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TIB ANT 
CV 4 3 . 1  X 

BIC FEN 
CV 96.9 % 

4 w  

VAS L A T  
CV 66.1 % 2681 

B 

REC FEFI 
CV 7 8 . 3  % 2gg 

B 

1 1  SUBJECTS % STRIDE 

FIGURE 13 
Ensemble average (middle  cz~rves)  and one standard deviation band (order crtrues) of EMG envelopes from 11 normal subjects 
walking at  free speed. [From Winter (43). 1 

to or during the transition periods. Both of these walking. Figure 12, from Waters and Morris (41), 
phases correspond to the times when the di- presents a summary of currently known EMG 
rection of transverse rotation of the pelvis is patterns. 
changing (10). The stance-swing transition phase 
is also thought to contribute to lateral rotation of Abdominal 
the femur. The adductor magnus is functionally 
two muscles. The upper portion is a true ad- 
ductor, whereas the lower portion funetions as a 
hamstring muscle (3). I t  essentially has the 
biphasic activity shown and reflects the group 
activity. The exception is the treadniill study by 
Green and Morris (12), whose results do not show 
any stance-swing transition activity Only Bas- 
majian (3) reports on the adductor brevis. Its 
pattern varies with the speed of walking, and at 
free speed it has a biphasic pattern. The varia- 
tions are not documented. 

There has been very little investigation into the 
activity of the trunk musculature during level 

The abdominal muscles (reetus abdominus, 
external oblique, internal oblique) are very vari- 
able in their activity (28, 41). The latter two are 
continuously active at free speed and have super- 
imposed phases at faster speed as shown. The 
rectus abdominus is active in only 50 percent of 
subjects at free speed (ST=1.2 s) and always 
phasically active at faster speeds (ST= 1.0 s). 
This seems to be consistent with Sheffield (28), 
who reports no activity; however, his subjects 
were walking slowly with a stance time equaling 
2 seconds. 

Paraspinal 

Even though the paradigms were diverse (floor 
and treadmill, wire and surface electrodes, etc.) 
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FIGURE 14 
Ensemble averages of EMG envelopes from tibialis anterior muscle for three speed ranges: slow i- -), free (- -1, 
fast (-). 

the results are similar (4, 10, 39, 41). The para- 
spinal muscles are active during the transition 
periods a t  free and fast speeds. The only inconsis- 
tency is that the erector spinae is not always 
active during the swing-stance transition a t  free 
speed (41). A major difference is that the wire 
electrode recordings showed two bursts of EMG 
during the stance-swing transition, whereas the 
surface recordings showed continuous activity. 
The stance times were equal for free speed. 

The transitional period activities coincide with 
the time when the pelvic and thoracic rotations 
are changing direction and the mieight support is 
being shifted. Note that the phases differ in 
timing by 50 percent; that is, the first phase of 
the ipsilateral extremity has the same timing as 
the second phase of the contrafateral extremity 
Since all of these muscles exist bilaterally, these 
muscles are contracting bilaterally, one concentn;- 
eally and the other eccentrically, performing a 
stable balancing of the torso and pelvis and 
elevating the pelvis in preparation for swing 
phase. 

compiled into a useful data base for comprehen- 
sively understanding the variations in EMG gait 
patterns and for providing a normative data base 
to evaluate locomotor deficits (15, 31). The quan- 
titative form of individual patterns in the data 
base must be the average envelope from several 
strides. Although there is a high intra-subject 
repeatability of patterns, some stride-to-stride 
variation exists (2). Recently, Winter (43) has 
shown the validiQ of using EMG profiles for 
normal versus pathologic comparisons. The pro- 
files are formed with the ensemble average and 
val-.lation curves of the linear envelopes of a 
sample from the normal population. Figure 13 
shows such profiles. Shiavi e t  al. (35) have 
advocated such an approach and have used it to 
evaluate pattern variations in childhood gait. 

Normalization, which is a general problem, still 
needs to be resolved before this concept can be 
effectively implemented. As mentioned prev- 
iously, amplitude normalization with the pattern 
average reduces the variation more than other 
amplitude normalization parameters. Howeveq 
further time-base normalization is required. Fig- 

CONCLUSION ure 14 shows the ensemble averages of the tibialis 
anterior muscle's EMG pattern for 25 normal 

All of this information needs to be effectively adults sorted by walking speed, which means 
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stride times are also different. If the stride is 
segmented such that the stance and swing phases 
have equal normalized durations, the pattern 
alignment would he better and hence the varia- 
tion would be recluced. This is a rational proce- 
dure since functional regions of gait become 
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