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An Electromyographical,Anglysis of the FrotonicsrM
Exercise:system

Gene G, Jgmeson, B.S.
Glenn S. :Fleisig, .ph.D.

NigelZhe4g, ph.D.

INTRODUGTION

some believe,that pain occuls whgn thg vastus medialis oblique (vMo)and the vastus lateralis 1vQ ap 
1ot syncliioni="J-oione is overpowering theother. (Miller, J.P., sedory; D-, a groce,,ruv. 19g7), when tnis occurs tnepatella transrates gng.t. edges of:its,g1o9ve, 

"auring 
p"in. 

- vvvvrv

The Proton i gsru' 
!.1erqGe svgt"ti'1e-iotonilli'i" o"s igned to resist kneeflexion or extensio.n:and.h?s oeentslixrr,,"="*"L-incr""* in muscfe activityas the brace resistance is'increased,loia;.G.v.,nvereti]-ijJi:,'I'6"bilro"rg,

G.L. 1997) . Fgr patients with ppS' oniytnbXon rlsiitance,is of interest. Thethe.ory is that if ProlQniclpsiqts fleiioiicontioiieo-u/ ec"entric quadriceps
activity the hamstrin$ wjlt colgnf1,q|$,lo,nelp,piooulu the,needed knee ftexionand to help stqbilize,thg knee joint, ,this in 1ilil ril ;il;6;;;i il" tensionof the quadriceps ailowing the pateila to bb better aiigned.

with this in mind our:hypotheges tor.the qunent analysis were:
1) Muscular activity of the quadricep-s- musdes of 

" 
F'ps p"Iu"nt *"uring theprotonics device wirt more 

"t'or"r1gp-*d;; the muscutar aciivity otheatthy controt subjects than the pps patienrs ;;i;;!}i11;l1.,Eiuui"..
2) More hamstring activity will be plgduced by a ppS patient wearing the bracethan when not weaiing the brace.
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3) The amount of k199 frexion empioypdyby Ffs p.qtients i4 compretin-q.the
experimentalta-skswilibe'uhtfi aing6oareiiliroiiudjJ;-;iiilJd-riti"i*device."':)

4) The quadriceps to
will be less for
they are not wearing brace;

EXPERIMENTAI. PROCEDURES:

Table 1. of'the criterid to be

flexion
sqen when

of age were used
of the

P?tients

subjeict"s" iq

in order forPFS participants to be

The

Once'the
markers ahd

placed superior to :the knie and

No prior experience rrvith ihe pi-olor-iics device.

Have rrot haci knee surg€lyi i1.1i,"1u,ng rrre niseciorrry

Have itot hacl ACL sirrgerli ulill1'-, the past 12 rnreel<s

lvlust haire beeir experiericrng ar ieasi iirree (3) of ths. foilc,.vir_ro s\irrDtorls
at the iinie of tesiirrg
a Pain/crepiti:s diii'irig ascericiiig or cie scendir.rg siarrsb. Pai./c'epirus rrviren rising irorria seateci positi.c Pain/creprtus durrng sqr_raiiirrg nroi.reinents
d. S'u,relirng arcuirrcJ ihe pareilar iat pads after actiriitve Pain distat to the ;:atella

epicondyl€s; The two shank
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approxt

medial

Table 2. LisI of

Table 3. Means 'Standard

Data Coliection

elicited

luberosity and the
joint q'nd centered

other
between the

,grder for goptrof pqrticipants to be

(rirean and

maximum
activity
with the

tibial

Hai.re nevel itlld l<iree surgcrv

No knc\,,.,n iledrcal 1:roblenls inai ntair afieci ilreii..pai.ticioatioi-.r ir.t iite Cerr-1_s1..1isiLrdy rr-.crudilig i<nee pa,l

Be betr,veeri the agss of .i/ arrC C5

i' 1.Oa-t + .9
6 1.66 + 5.3 76.11 + 12.11

1.65 + 0.07 69.6 + 13.82

Group
Coniroi

PPS

Tota!

Age (Years) Height (M) Mass (Kg)

knee at 70o
and the



foot 10s

rrgure 1.
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Figure 2. seated isometric leg extension exercise used tb obtain
MVlc for the quadrfteps. - - -

Figure 3.
,Se3!Sa.isomelriq leg curl used to estabtish MVIC
for the hamStrings.
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Ascendinq Stairs,

would be used to elevAte the
were collected then averaged

up
was

Descending Stairs:
The instructions for descending were,simirar to thg ohes given forascending. The differencb was thatrtfie fficipbnistarteo wiil Xli;"ffectedles.and then stopp"g 9n the same:step wittr tnirirla.n"lte*iii1j, 'iiiJ*"" 

doneso that eccentric activity of the quadrjaeps flor in" .ri"iieb r:io"'#;rioLiii"Tthe descent of the lead teg on to the jowei.rtrn A-i.Uuring,;s";hOing, data forthree to four steps was collected and 
"u"r"g"b 

n.reo-on ftnlJi"ii'Jfi';;L:"'
Squattinq

The squatting task was similar to squatting and wall squatting exercisesused in rehabilitation settings. The participant piaolo n"r nanoe on"n?iip-?ocompleted two squats. she was insiructed to d'esceno as;;;;;;; courdwithout experiencing pain. The data:from the two .qu"G-*iLi"Jru, each trialwere averaged based on knee flexion angle.

Level Walkins:--- F"iiFilevel walking portion of the testipg the supject was'instructed iosimpty walk across the,ftoor. Eaih was lolC to to'b*lSti#[t-Lf,'Ju-d'a"ni to wattwithout c.naLgilo their stride. ro111c!:tri"iE-bpt"*iraTiv tiJ;i## steps ofthe affected rimb were cortected ttien'averaged based ;;'k;;; n;;i"i a"gr_.

Lunging: i

The lunge, alqo a rehabilitation typl.exercise, was done with the subjectlunging ohto a step that was 1e cm high. pesYuie"t *"s *i;dil runge untith e r k n e e wa s f r exe 
{ : 

a p F rox i m ate r y sp-e : 
. 
s bve ra i 

:p ra 
"d 

;;-i ri 
" 
ffi ;;# m p r er e dso the subject could become famitiarized ritn:ir,i.'i+;;; biln""}"-i"". onelunge was completed'fcir each trial. rre'\r\

. .Qncg aJl of the exercises were completed successfully without the
P roton i cs d evi ce ; ea * plll" rtjcipani w# ;itl;-' ;iriltl,.j;"il;. "tL 

ri n g t n "brace fitting process the PPS suffiperforreJ uiri"rs 
"*"tai"e",Tr.rlluoingstair climbing and deqoendino ano teggl w.?.gl!; r" iil"1" Functionat Resistance

!9ttinO. (ff.S).cgu!d;berestabtisfreO;,'f-fre fRS,iq u ilrnOe,l corregponding to theamount of reeistance that the brace prwides.,,G*billiy,.rnor";J!iiiJi". i"needed for activitigs,lgnlisting of ra;g"i a*;ilG'oikne, flrxion (i.e. ,qlr"ui"r,lunges.and stair c{!1bjng) ancilgssrlg:neegeo ioi-ariiilrl"rion: inJ- p-"r]ionnerfitting the brace took c..gre _ensuring'tne suo;eliwus-i*mt"rtabre and was
a s s i g n ed r h e p ro p e r FRs, for r h e a;r iviii 

" 
J'[ 

" 
rrtir ; j. +i;'J ;" ij 

"To 
Jni i,r 

=allowed as much time as needed to,bgcome,fariii"i*iil-t .ilJ;;;"i.r"o to the
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qomfqrtPbie with,the brace, testino
mpletion of all the exercises listeJ

instructions.

D.ATA ANALYSIS

RESULTS

The resuttl will.be,,teported fol ead!,e{e19ise gompteted, Graphsillustrating 
S.ll,of the resulls ior gaoh'exe@ie toltoutne,writtgn results for eachexercise. To afiow gleater ease in.riiar.ing';onip"iiion. between the:tdst

sroups mlslle aqtivjtv,levdfs durinsilh" eier"ii"s inLi'*JJfH; ih* it* r,rrcwere considered [o be row muscre'EctiVity;,,it:{iiiii,';[;;t" ji*i,i,u, 46 to65% MVrc; high activiry; and grea(ei tnan'eJy" rvrVr'di very high activity.
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Table 4.

I
*

I0

qf
(

7;30o

7i.2o"

'88.11"

1.29s

7,63"

73,75"

65.13"

5.65"
(-o..O,Q:-*,,. 52.00"

46,35"

6.24"
87;29"

81.06"

Hxercise / Group

Ascending

Miriimuni Knee /\ngle
Maximurn Knee Angle

l"otai Knee Motion

e q-itrol PP$.NB PFS-B
Grou Grou Grou

DescendirrE
Minimum Knee Angle

IMaximunr l(rree /\ngie
Total Knee Motion

$quat
Mirrimurn Knee Angie
Maximuni Knee Angle

Tota! Knee Motion

Walk
Minimurn Knee Angle
Maximum l(nee /\ngle

l-otai Knee fl/lotiolr
Lunge
Minirnuln ${nee /\ngle
Maximurn [(nee Arrgle

Total Knee Motion
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'Figqig +: PPS subiebt shqqn during stair. ascending



EMG Aclivity During Ascending
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EMG Activity During: Descending l4

tn
t00

80

8B

ol0
Eao
EEo
Eroq

f,0

20

l0

B

lt0

100

80

80

670
5ao
Em
3mu

i0
20

l0

0

6B

/t6

40

3E

$coE25
9zn
ct
fitE

t0

6

0

.E

0 t0 20 30 ito 60 s0 70 E0 80 80 [0

Femoris

0 t0 zn a0 {[ E0 E0 70 80 go a0 ,ito 70 !0 60 iI[ a0 ?0 t0 0

- -l=''Control' G-r'oup

---- PFS-B,Group
----- - FPS-NB Group

xl 20 30 40 8080n 6U E0 ito 80

Fll

4E

:.E

0

t0

&E

l0

-16
o'zo
E

IF

t0

116

OB

0 t0 20 t0 /!s 6s E0 7n 80 B0 80 80 ro nu Eo 4[.30 20 m 0 0 Z0 ,s0 ,i0 60 t'0

Knee turgle (Degiee! of Fodon)

.E

ri
:ff|

I

.2

i
B

-t

0

Figure 7: angle.



1s

similar

were than the.
extenSion

Biceps femoris higher

VMO:VL or Quadriceps: Hamstri

,FPSsttbjest,4)9.q9.. blr.ating:lhe.sreqtti,.ng exercise.'



EMG Activi(y Durihg Sqgatting

0 m 20 30 40 80.60 ru q,80 s0 lq 7S,00 Et 40 !0 20:.m 0 ,uiomaom

l6
t[l
m0

80

80

o70
Eoo
EEo
9aou

30

m

m

0

tlll

{10

BO

00

o70
lus
5Eu
9roq

30

m

m

0

ar

.E

5u

/tE

40

36

9m
E2E
5ro
c,f;r

l0

6

0

d

ut .20 t0 at to a0

20 t0.0

807000E0i!0c010n 0

j::-l 'G,ontro!,Group
---f r,pllSiB-Gr6u[

ppS-NB Group

Ell

4i
a0

3E

30
.1.

2E

$
m
'I
t'

40

0.8

f,.0

-26
A'zir
E

IE

It6

o m ztl co 4o Eo so ru Etl sp.so itl

0 t0203840 EO

E

.E

ll0

Figure 9:



t7

Walkihq

grogpS
levels of

showed similar
groups.
ratio or the

knee

group

Flgule 10i



18

r0
rut

!0
EO

dlt

3ti

ilo

ru
80

80

G 7ll

Eao
Em
9ro

g0

10

m

u

il0

100

00

Ell

om5*
Ero
Eat

30

20

l0

0

EO

45

gE

:30

n
n

:0
.E

Etl

{5

40

36

$mE26
$mFn

t0

E

0

.E

iL0

&E

r.0

-26
b'zri
E

IE

r.it

IIE

lt0

0 l0 20 s0 /ut E0 t0 70 t0 g0 go m m

Rectus

o m zo ro 4o Eo so 7o 80 so m lo zo iu

0 t020304060 60 70'80'

otordsD/ulE[

0s t0 ,70 m,ao an 00 !0.t0 c0 20 m 0

Control:Group
i + ppS-g Group

PPS-NB,Group

',/to: lo 20 p :o 0 tB .20 30 d0 Ht t0 [08q4[N020t0 0

I

0

Figure 11



l9

Lunqinq
: Duriiig

muscle-

groups
Fewer.

PPS-B

visible

iectus

I

I

cohtrol

I

I

I

I

I

I

I

exefGise,



I

I

EMG Activity,D gllunQing
20

mt

n0

80

80

ol0
Esr
EEo
Eao
U

30

n
ut

0

fl0

m0

80

80

om
Eso
Em
9aoq

30

20

l0

0

I

I

I

I

I

I

m

tr
I

FO

45

4B

AE

e30sE2ts
;20Er

l0

E

0

.E

0 t0 20 30 ,40 E0 [0'm to rt .ao,Bo zo gn uo ao ro zo- m b

0 t0 20 30 40 ff E0 70 80,80 80 80 zt loEo{iaoztl0 tl

. 
- 

Control,Group
" - ,FiPSlts Group
-..; PPS-NB Group

l0 80 80

0t0203040E00070

' 80 .80

rn*eneLiJiSriGor

m io 30'20 ru,20 g0 l0 ul.'s0 go m zn,ili [o rdo i0'20 t0 0

{0

3.6

&0

zb

2lt

l5

t0

ltE

0lt

n
I
[l
I
,t

J

o
=

Figure i3:

l0 e0;



I

I

21

prscusqtqN

that
redu
brace.

The
mixed but th€
quite low.
increase

harhstring

ls

g

using the

's introduction were
s,waE,generally

seemed to

rflexion,
the entire



22

uring stair

iatio,-qeemed to

of the
ificance is

:']
a19d With wearin

stafiStical

effects of

symptoms,
is,removed is

F
the brace
PQ
or
essenti
device.

eto prescribe the



I

I

I

I

I

I

I

I

I

I

I

I

I

I

study:

.'-: - i :

:.''. .
l: ',.-. 1:

. .i :

. .1.i j'-.1 ! . r' :

,' ;t.f:-. :

'... I ;... ' ',......':
:.': - '',.. j



I

I

I

I

I

I

I

I

I

I

24

Ficat, R,F.,.g p1ong.grford, 
Q-s,1(tpz7) .,Disord€il ofBaltimore,'MD: Wiiiarms ano'Wilki;i.

,:' . -
t f t 9;' p.ate I I g -f9 ni o ra l j o i n t.

Fox, T.A. (197S): pyspla-sia of
North, Ameica ; 55,.i99.t26.

theiquadfioeps megha riism.,Si,r4gr@ ! Clinics of

REFERENCES

F
ln

,Williams

Garrick, J:G (1989).,
75-84.

Miller, J.C.,'
vastus
syndroihe.

hio,anafysis

alnd,

and

icl(EMG)

Goodfellowi J,,rF,ung-ertord,D.s,i &,wgod:, c. (1.976); patello-femoratjoint
mechanics'and pf*rology: Ghondromalaciapitlir."l'yo timal,of:Bone ahd JointSurgery, 50, Zg1;2.g9. --

Malek,'M;M., & Mangine, R,E. (1ggll.), Fatellofemorqlipain syh{rome: acomprehe-nsive and:Eol^se.rygtiv ilo ",;n,.toii"-i'"76i;;;in"aiiiasporfsPhysicalTherapy, 2, 10g.116. "I

I

I

I

'RrV, (:l

.j

S

Thomee, R.,iRens1rgm,,p,, KarfsSol,.l:r 
{Grimby, G*, (1ggo. patellofemoralpain sydrome- ih young womgn'lI;innuscie tunJti",ii"='b"'tients anJliei.l11vco ntro ts. s c a n d i n a v i a h J oi q m a t a4- nn:e a ic l ne. ih JS jia#; ;;"##;,, 11 llr u ,t .


