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Effectiveness of Elastic Resistance
INn Rehablilitation of Patients \With

Patellofemoral Pain Syndrome:
What Is the Evidence?

Phil Page, PhD, PT, ATC, CSCS, FACSM*

Context: Patellofemoral pain syndrome (PFPS) is associated with muscle imbalance at the knee and hip. Therapeutic exer-
cise is effective at reducing pain associated with PFPS.

Objective: To identify and analyze clinical trials of elastic resistance in patients with PFPS to determine its efficacy.

Data Sources: PubMed, CINAHL, and PEDro databases were searched for terms relevant to PFPS rehabilitation in patients
aged 12 to 40 years.

Study Selection: Only peer-reviewed clinical trials lasting at least 4 weeks and specifying the use of elastic resistance in
their protocols were included.

Data Extraction: Eight eligible studies were analyzed for design, sample, intervention, outcomes, and clinical application.

Results: The studies included in this review lacked high-quality design, often using exercise as a “quasi-control” condition.
Most studies did not provide specific exercise prescription or progression. Although participants in each study reported sig-

nificant improvements in pain, deficiencies in scientific design limit the conclusion.

Conclusion: Elastic resistance exercise may reduce pain and improve function and strength in patients with PFPS.

Keywords: patellofemoral pain; elastic resistance; therapeutic exercise

Datellofemoral pain syndrome (PFPS) is characterized by
retropatellar or peripatellar pain with walking, running,

ascending or descending stairs, squatting, or prolonged
sitting. The cause of PFPS remains unclear, although it is
typically associated with muscle imbalances. Females are twice
as likely as males to develop PFPS.!

Traditionally, PFPS was thought to result from weakness of the
vastus medialis muscle, theoretically creating a more laterally
tracking patella. The flexibility of the hamstrings, quadriceps,
and gastroc/soleus complex has been associated with
PFPS.18242 Researchers have suggested that PFPS is related to
muscular weakness at the hip, causing lateral patellar tracking
caused by poor eccentric strength and control of hip abductors
and external rotators.'** Females appear to be predisposed to
proximal influences more so than males.”

From the Department of Kinesiology, Louisiana State University, Baton Rouge, Louisiana

Elastic resistance exercises are commonly prescribed for
rehabilitation'” in osteoarthritis,'*? total knee replacement,?
anterior cruciate ligament reconstruction,’ and as part of a
multimodal approach to PFPS.? Despite the widespread clinical
application of elastic resistance exercise, few studies have
investigated its efficacy in treating PFPS. The purpose of this
systematic review is to analyze clinical trials of elastic resistance
in PFPS.

METHODS
Data Sources and Extraction

An online search of 3 databases (PubMed, CINAHL, and
PEDro) was performed in August 2010 for studies published
since 1970. Search terms included patellofemoral, rebabilitation,

*Address correspondence to Phil Page, Louisiana State University, Department of Kinesiology, Attn: Athletic Training, 112 Huey P. Long Fieldhouse, Baton Rouge, LA 70803

(e-mail: ppage1@Isu.edu).

One or more of the authors has declared a potential conflict of interest: Dr Page is employed by the Hygenic Corporation, which manufactures Thera-Band elastic

resistance.
DOI: 10.1177/1941738111398595
© 2011 The Author(s)



SPORTS HEALTH

vol. 3eno. 2

(panunuoa)

)oeqpasjoiq pue Buide) Jejjajed

UM PaUIqLIOD 8S1019Xa UaUM Japaq Jaljel

wis}-poys ‘wisy buoj Jano uoiouny Huinoldw

pue ured Buionpal 1e 8A13089 8S1019X8
99UB)SISal 21Se|a Bulpn|oul 8s1919%a aWIOH

Luow | e AdeJay) [enuew pue asidiexe
UBU} 9AI}98)J8 8J0W Yoeqpasjolq pue Buide]
sypuow g1 ye sdnob |fe,, ‘uonouny |
syjuow g | ye sdnolb |e,, ‘8100s [e2IUID |
syjuow g | ye sdnolb |e,, ‘ured ¢

$8S1019X3 21}Sed Jo uoissaifbold

10 uonduasald 913199ds ou {8s191axa uononppe
diy Buigny asn 0y paysabbins sdnolb ||y
)oeqpasjolq pue Buide) + as1049x3 g dnoly
Adelay) [enuew + 8s1218x7 ;g dnouy
weJboid as1019%8 SWOH :| dnoiy
sdnoJb ¢ ‘yiuow |

Sd4d ‘€11
= U ‘9A9adsoud ‘|0u03 Isenb ‘paziwopury

+[B 19 UOSILIBH

J1a1ealb Apueanubis s uonanpal au} ‘soOYLo

UNM PaUIquIoD S| 89UB)SISal DSBS UM

'Sd4d yum sajewsy BunoA ui ured pasealoap
Apueonubis aoue)sisal onse|a Buipnjoul as104ex3

uawanosdwi
alow Apueayiubis = saOYUO + 8S19J9X3
sdnoib yjoq , ured 1

$951919X3 21}Se[d J0 uoissalboid
10 uondiosald 213199ds ou ‘sspjue punole
padoo| 91se|o 4o sjybiam yum as101oxa
asiel o) ybrens 01 passalbold sdnolb yiog
SIN0YLI0 + 8s19J8X7 g dnouy
8s1049%7 : | dnoty
sdnoJb g ‘syaam g

SojuByI3WOIq
100} J00d pue Sd4d ‘sejews} BunoA gz =
U ‘aA39adso.d ‘|joiu09 Isenb ‘paziwopuey

o2 10 Bu3

ubisap Jo asnedaq paysi|qelsa aq J0uued

10848 pue asned ‘syuaned Sd4d 10 %P8 ul

ured pajeulwi|a oue}sIsal a1sela Buipnjoul
weibold Adesayy [eaisAyd pazienpiaipu

aalj-ured %pg

$8S1019X8 21}Sed Jo uoissaifbold

10 uondiasaid a1193ds O "UOISUB)XS/UOIX3)}

aauy| ‘Bupjiem pajsisal ‘sdip ajgnop pue ajbuis
‘ssaud Ba| pajeas papnjoul sasialaxa buigny
pazipJepue)s jou ‘pazifenpiaipul
1uaWIBaI] Yoam-g :Bay

awolpuAs uoissaldwon Jejsjed
[eJ8]e| ‘g2 = U ‘aA}0adsolial 1s8)isod/salald

,81009 pue a8aNoQ

Jyauaq [euonippe

ou SapiAold uoneNWAS [BIL19919 Y1buanS

Buisealoul 1noyyum uonauny Buirosdwi

pue ured Buonpal 1e 8A11981J8 90UR]SISAl
anse|a Buipnjoul Adessyy jeaishyd pasialadng

sdno.f usamiaq sauasayIp uedLIUbIS ON
sdnoub y1oq ‘aouaiayip uealyubis ou ‘yibusng
sdnolb uoq, ‘8100s [euonound |

sdnoJb yroq, ‘ured

uoissalboid pue
Ayisusjul aoue)sIsal ansels paioads ‘buigny
UM SYI1Y uonaallp ¥ pawopad sdnolb yiog
uoleINWIS [e91199]9
+ AdeJay) [eaisAyd pasiniadng :z dnotg
(j090104d
z99woy ) Adesayy [eaisAyd pasiaiadng :| dnoty
sdnolb z ‘syjuow ¢

Sddd [eJ8eliq
‘g€ = U ‘aAjoadsoud ‘joa3u09 Isenb ‘paziwopury

suonealjdwy

sawong

$3S1243X3 J11Se|3/ uoljuaniajul

Je1Aig

ajdwes pue ubisaqg :Apnis

»"90UR)SISAl 211SB|3 BUISN (Sd4d) aLoIpuAs ured [eiowajo|jaied Joj SjeL) 8s1919Xa [ealulj) | 8|qeL

191



Mar e Apr 2011

Page

JuedIUBIS A|[ONSIES,

papnjoul sem dno.b |0J3u09 OU 8sSNeJaq
‘pauysI|ge)ISa aq JouuBd J0ay9 pue asnes
‘19AaMOY ‘Sd4d UnMm Sajeway ul Lbuans
panoidwi pue ued paanpal aaue)sISal JNse|s

sdnoub woq,, ‘Wbuang |
sdnouf yloq, ‘ured ¢

uoissalboid pue Ajsualui aoue)sISal
anse|a paiyoads 'sbs| y10q Uo Sy91Y pueq

211SB[8 UoN9alIp- pawloyad dnolb o1jawos)
8510198 211JUd9297 :Z dnouy
(on1sea) 8s191axa o}BWOS] : | dnoiy

Sd4d ‘salewsa}

Buipnjour 8S1918xa 91}8WOSI PUe 9113U3399 Yjog syuedioiped |[e ssooe alj-ured %G8 SY98Mm Z | Ob = U :]0J3u09 Ou ‘aA}9adso.d ‘paziwopuey
z99woy |
|lews sem az|s ajdwes sdnoib 90UB)SISal 211SeId Yum sabun| pue
‘lonamoy ‘yibuasis diy uj 8seaIoul Ue oYM 10q ‘aouaiaylp uediubis ou ‘ybuans diH ‘uofieziiqess yunJy ‘uorelod diy papnjoul g dnoig
‘auole 8s1919xa 9auy Yym paseduwod Sd4d ul sdnoub 8so1exa Yloq., ‘yibusns ssuy | $9s1948xa diy + penp :z dnoiy
ured Buionpal Je aA}08)Ja a10W 8B 3IUB)SISAI ¢ dnoub, ‘uoneAnoe sjosnj |, $9S10J9X8 pen :| dnoiy Sd4d ‘v1

oanse|a Buipnjour $as1a1axa diy [euomppy

¢ dnoub, ‘ured 1

weibold as1o1axa awoy ‘sdnoib g ‘syaem 9

= U ‘9A)}93dsoid ‘j01u09 Isenb ‘paziwopury

s1/8 10 eMebeyeN

buans

pue uonouny anoidwi pue ured asesloap

89Ue)sISal 913se|a Buipnjoul sasioiaxa Adelayy
[eaishyd pasialadns pue as1019xa awoy yiog

dnoib as1019%a awoy
0} pasedwod dnoifi Adelayy [eaisAyd ur, ured
sdnoib
8810188 100 , ‘81098 [euonOUN; pue, Yibusns |
sdnoJb asioiexa Lyog , ‘uted 1

(papinoid ale suopnadal
Ajuo) sjana| Ausuajul 9aue}SISal I1ISED JO
uoissaifoid Jo uonduasaid ai19ads ou ‘spnd
99Uy 2nse|a pawiopad sdnolb asialaxa yjog
10qu09 :¢ dnouy
9512193 91Ul Adessyy [eaishyd :z dnoty
welboid 8s19J9%a 8WOH : | dnoiy
sdnolb ¢ ‘syeam g

Sd4d ‘6¢ = U ‘anoadsold
‘pajjo.u09 ‘1sansod salald ‘paziwopuel 1Isenp

[ 10 UOPNOT]

auoje welboid

851019X8 8WOY B Y)m pasedwod S)sod aJed

Uyeay sasealoul Ajjueaiubis pue jyausq

[euonippe ou sapiaoid A1abins aidoasolyue

‘Sd4d U1 sawoano Buirosdwi pue ured

Buionpal 1e aAn98Ya SI 8S1919Xa 9IUR]SISAI
anses Buipnjoul weiboid asidiexs aWoH

dnoib [ealbins, 1809 |,
sdnoJb joq , ‘8109s [euonouNg |,
sdnoib yioq . ‘ured

(papinoad ale
1odas A|uo) sjans| Alisusiul aoue)sIsal
a11se|9 Jo uoissalbold Jo uonduosaid oijioads
OU UOISUBIXa 93Uy [eulws) pue ‘s|nd Bs|
‘S)01y pueq dnsels pawopad sdnoib ylog
K1abuns
91doasoiype + weiboid asi01exe awWoH :g dnoty
welboid 8s1919%a 8WOH : | dnoiy
sdnolb z ‘syaam g

Sddd duolyd
‘9G = U ‘9A}98ds04d |0J3u09 Isenb ‘paziwopuey

suonedidw)

sawooyng

$3S1949X3 Jl}se|3/ uoljuaniadjul

,.[ 18 UsuNy8Y|

a|dweg pue ubisaq :Apn)S

(panunuoo) ‘| alqeL

192



vol. 3eno. 2

SPORTS HEALTH

Table 2. PEDro scores from clinical trials using elastic resistance to treat patellofemoral pain syndrome.

Doucette
Bily and Eng Harrison Kettunen Loudon Nakagawa

PEDro Attribute et al® Goble’ et al® et al® et al" etal® et al'® Thomee?

Random allocation ° ° o o o

Concealed ° ° °
allocation

Baseline ° o o o o °
comparability

Blind subjects

Eligibility criteriaa ° o o

Blind therapist

Blind assessor ° °

Adequate ° ° °
follow-up

Intention-to-treat o o °
analysis

Between-group o ° ° . ° .
comparison

Point estimates ° ° ° ° ° °
and variability

Total PEDro score 5 NA 3 5 7 2 7 5

Not factored into total score.
exercise, knee pain, Thera-hand, and elastic in a variety of Sample

combinations. Studies of knee osteoarthritis, Osgood-Schlatter
disease, patella tendonitis/tendinosis, patella dislocation, plica,
and meniscus were excluded. Clinical trials greater than 4
weeks in length were scanned for the use of elastic resistance
in the protocol. The study design, sample, intervention,
outcomes, and clinical implications were reviewed (Table 1).
In addition, PEDro scores (http://www.pedro.org.au), where
available, were determined (Table 2).

RESULTS

Eight clinical studies met the criteria for this review.

Study Design

Seven studies were randomized prospective studies; 1 was
retrospective” Only 1 study" used a nonexercising control
group. Most studies used a “quasi-control” design: The exercise
group was the control limiting the conclusions (Table 2). Two
studies received PEDro scores of 7 (out of 10),"* generally
limited by blinding of raters and subjects.

All but 1 study® had 20 or more participants. Adequate power
was found in 3 studies > The analyzed studies had similar
inclusion and exclusion criteria. One study’ investigated
patients with “lateral patellar compression syndrome,” with
diagnostic criteria similar to PFPS. Most samples included both
males and females, although all studies had a greater number
of females, representative of the PFPS population.

Intervention

All interventions lasted 4 to 12 weeks, with most lasting 8
weeks. Only 2 studies specified the intensity and volume of
the elastic resistance exercise progression.**” Overall, well-
defined protocols with elastic resistance exercises were lacking,
limiting the replication or clinical application of the study and
threatening external validity. Most studies combined multiple
modes of exercise within groups, such as stretching, balance,
and cardiovascular exercise, precluding analysis of exercise
mode effectiveness. Elastic exercise was separately evaluated in
2 studies.>® Thomee® found no difference between the elastic
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and isotonic groups. Nakagawa® noted some additional benefit
to adding specific elastic resistance exercises for the hip.

Two studies on healthy participants showed that elastic
resistance exercises are as effective as isotonic resistance
exercises for muscle activation and improving strength ¢
Adding elastic resistance to terminal knee extension exercise
significantly increases vastus medialis obliquis and vastus
lateralis activity.” Hopkins et al' analyzed leg pulls with surface
electromyogram, noting higher levels of vastus medialis activity."

Outcomes

All studies reported significant reduction in pain regardless

of the exercise intervention. Electrical stimulation, orthotics,
patellar taping, biofeedback, and arthroscopic surgery had
little to no additional benefit. Four studies assessed functional
outcomes, > reporting significant improvements over time
without between-group differences. Three studies'* found
significant improvements in strength, whereas 1 study did not.?
One study® found improvements in quadriceps strength but
not at the hip.

DISCUSSION

Elastic resistance exercise appears to be as effective as other
modes of resistance for PFPS. Electromyogram studies have
confirmed that elastic resistance is comparable to isotonic
exercise.1®

The overall lack of blinding and suitable control groups
reduces the ability to detect differences based on elastic
resistance alone. Unfortunately, none of the reviewed studies
used isolated elastic resistance exercise as an independent
variable in PFPS interventions.

The cause of PFPS is not well established; patients may
exhibit different impairments (ie, hip weakness versus knee
weakness). Stratification by impairment may help improve
clinical decision making for therapeutic exercise prescription. A
systematic review of females with PFPS showed hip weakness,
indicating strong evidence for decreased strength in hip
external rotation, abduction, and extension compared with
controls.” Eccentric hip abduction and adduction are weaker in
females with PFPS, whereas rotation strength appears normal."

CONCLUSION

In summary, exercise interventions including elastic resistance
in patients with PFPS are effective at reducing pain and
improving function and strength.
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