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Abstract: Significant differences in surface electromyography (SEMG) have been reported between
persons with low back pain (LBP) and normal, healthy controls. This manuscript presents a systematic
meta-analytic review of studies examining SEMG differences between these groups. Forty-four
articles were identified using MEDLINE and a review of reference lists in articles. For static SEMG, the
largest effect size was observed for SEMG while standing, with subjects having LBP demonstrating
higher SEMG. The effect size for flexion/relaxation measures was found to be very high (d = —1.71).
Studies examining SEMG during isometric exercise or muscle recovery following exercise produced
inconsistent findings. Sensitivity and specificity of SEMG for dynamic SEMG measures averaged
88.8% and 81.3%. Most classification schemes were statistically determined and utilized a combina-
tion of measures. Only one published study prospectively validated a classification scheme. SEMG
measures of flexion-relaxation appear to distinguish LBP subjects from controls with good accuracy,
and the sensitivity and specificity of SEMG can be increased by using multiple measures. Further
research is needed to determine the combination of measures that are cost-effective, reliable, valid
and discriminate with a high degree of accuracy between healthy persons and those with LBP.

Perspective: SEMG is a simple and noninvasive measure of muscle activity. SEMG measures hold

promise as an objective marker of LBP.
© 2005 by the American Pain Society
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any persons with low back pain (LBP) lack objec-
M tive pathology. In addition, objective indicators

of pathology detected by tests such as magnetic
resonance imaging (MRI) are not specific to persons with
LBP, as these abnormalities are present in many asymp-
tomatic individuals.”-3>72 Although musculoskeletal dys-
functions have been identified as a cause of LBP,2%¢3
there is little evidence that these dysfunctions can be
assessed reliably.?® In addition, contemporary models of
chronic low back pain (CLBP) should also attend to psy-
chosocial factors that might influence the experience of
pain.22'23
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Models of CLBP have been proposed that focus on bio-
mechanical and musculoskeletal factors in the etiology
and maintenance of back pain.'%1> 182644495371 gt\,d4-
ies testing these models often employ surface electro-
myography (SEMG) to measure muscle action potentials.
A growing literature suggests that there are significant
differences in SEMG activity between persons with and
without LBP, and that SEMG measures can accurately
differentiate these persons. These findings suggest that
SEMG may serve as an objective marker of LBP.

Despite the fact that SEMG assessment is simple and
noninvasive, concerns have been raised about its use in
LBP populations. Two previous reviews suggested that
SEMG has little utility in diagnosing and treating back
pain, as the technique is deemed to be inferior to other
methods such as needle electromyography (EMG).?”->7 In
addition, SEMG is prone to measurement artifacts such
as impedance produced by the skin."® Some recommend
“normalizing” SEMG signals to a reference measurement
taken from the same individual to reduce these artifacts.
However, reference measurements in such studies often
involve assessing SEMG during maximal effort. Persons
with LBP often have difficulty putting forth maximal effort
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during such tasks, which likely biases the values ob-
tained.*?

Further complicating SEMG assessment is the infinite
number of conditions under which SEMG can be ob-
tained. SEMG can be collected during static postures or
dynamic movements, from different sites on the back,
and from each side of the back. Some authors suggest
that SEMG asymmetries in muscles on opposite sides of
the back are highly characteristic of LBP.” To date, there
has been little study of the types of SEMG measurements
or experimental conditions that maximize the differences
observed between subjects with LBP and healthy controls.
Further research is needed to determine whether there are
SEMG measurements and methods that consistently pro-
duce large differences between these groups.

The use of SEMG as an objective measure of back pain
has potential advantages. Given that the majority of sub-
jects with LBP lack measurable pathology (eg, neurologic
deficit) SEMG could serve as a method of objectively
measuring and monitoring the condition. Second, there
is some suggestion that SEMG is sensitive to spinal pa-
thology associated with LBP and changes that occur with
remediation of the problem. For example, Haig et al®®
observed an abnormal flexion-relaxation response in a
patient with an acute disk herniation, which resolved
over time as the patient’s pain resolved. Third, SEMG
measures have been shown to be influenced by psycho-
social factors believed to contribute to back pain, such as
fear of movement and reinjury and psychological
stress.'»212471 Thys, SEMG may be sensitive to both
physical and psychosocial influences, and reflect impor-
tant parameters that are consistent with a biopsychoso-
cial model of pain.®’

This manuscript presents a systematic review and
meta-analysis of the published literature on SEMG differ-
ences between persons with and without LBP. We
wished to determine the effect sizes associated with spe-
cific SEMG measures as well as their sensitivity and spec-
ificity. Based on the findings, we sought to provide rec-
ommendations regarding whether SEMG measures can
serve as objective measures of LBP.

Materials and Methods

Data Sources

Studies were identified utilizing MEDLINE. Reference
sections from identified studies were used as an addi-
tional source of studies.

Study Selection

Surface electromyography, SEMG, EMG, and back pain
were used as keywords in MEDLINE. Articles which exam-
ined SEMG only in LBP populations, or only in normals,
were excluded. Two articles that met the above criteria
were excluded as they did not study subjects with
LBP.2%%7 This search identified 44 articles on SEMG and
LBP.

Definitions of LBP vary greatly from study to study.
Most commonly, studies examined subjects with CLBP
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(duration greater than 3 or 6 months). Often, the etiol-
ogy of back pain was unspecified, and only a few studies
examined SEMG in specific diagnostic groups of persons
with LBP. CLBP was typically defined as long-lasting pain
with no evidence of metastatic disease, neurologic com-
promise, or other spinal abnormalities. Subjects in these
studies were often characterized as having CLBP due to
musculoskeletal or idiopathic causes.

Data Extraction

A qualitative review of studies is provided in the Re-
sults section. In addition, a meta-analysis was performed
to examine the effect sizes associated with various SEMG
measures. Reported sensitivity and specificity was also
analyzed. Effect sizes for each study (standardized mean
difference, d) were computed by subtracting the mean
of the normal group from the mean of the LBP group,
and dividing by the pooled standard deviation."® A pos-
itive effect size indicates that LBP subjects had higher
SEMG than normals, whereas a negative effect size de-
notes that normals had higher SEMG than LBP subjects.
Ten studies'®11.12:20.35.37.46.50.32.36 \yere excluded from
the calculation of effect sizes as these studies did not
report the necessary means and standard deviations.
Data from manuscripts reporting data graphically were
extrapolated. Sensitivities and specificities were ex-
tracted as reported. A summary of the studies reviewed
are presented in Tables 1 and 2. Table 1 presents the
studies included in the meta-analysis, while Table 2 pre-
sents the remaining studies.

Prior to computing effect sizes, data from some studies
were averaged. To maintain consistency, the means and
standard deviations from studies reporting SEMG sepa-
rately for each side of the back were averaged prior to
determining the effect size. The exception was for stud-
ies where the authors reported SEMG activity separately
for the active and inactive side of the back during unilat-
eral activity. In addition, some studies reported data sep-
arately for different levels of SEMG measurement (eg, L1
and L2), while others reported averages across levels.
Again, to maintain consistency, effect sizes for each level
of measurement were averaged. Studies reporting side-
to-side differences in SEMG, or differences based on the
area of assessment, will be outlined qualitatively in the
review.

Given that the methodologies and conditions for
studying SEMG varied greatly across studies, it was
deemed that the effect sizes from all studies could not be
summarized as a whole in a meaningful way. For presen-
tation, the effect sizes are grouped as follows: (1) SEMG
during a static position; (2) SEMG during a dynamic ac-
tivity, such as bending; (3) SEMG during an isometric
hold, contraction, or exertion; and (4) SEMG response to
an expected or unexpected increase in physical demand,
or following the release of a physical demand.

The effect sizes reported are not entirely independent.
If a study reported SEMG differences between diagnostic
groups, the comparison between each patient group and
the normal healthy control group were computed as sep-
arate effect sizes. However, the data for the control



713

ORIGINAL REPORT/Geisser et al

DINIS Wnwixen %€8/%98

ON

%08/|e13[23S0[Ndsnw
%9G 'SI9PIOSIp
JSIP %6719 -pauIquiod

1531 1B puUB UOIX3|}
40 s3|BUE [|e 18 DINIS J9MO] PRy dgTD

S|0J1u0d
Joy Aousnbauy ueipaw :jerul JsybiH

payoddns bunis

uaym DINIS Jaybiy s1elgns sspiosip
Jsip pue ‘buipuels usym DiNIS
J9MOJ S5j0Ju0) “bunssy (ured ybiy)

Z-11 DN3S parelbay

v11e
Aousnbaiy ueipaw eyl

uoIXa|4 4O s9|bue

JUDIBHIP 18 UoILDXD
JLIBWOS! [ewixew ‘Buiiis

ELE]

AJeun|on DA JO %09
1E UOI1DRIIUOD DLIIBWOS|

uled moj

pue ybiy buiney sjiym

pa1sa) alam s1aalgns

uted yoeg -suoud

pue ‘bunys psyuoddns

(sow 9<)

dg1D Lz 's|oluod 7|
(paydadsun
eLId)IID uoelnp)

dg1D 7 ‘|oquod ¢

(paiydadsun
13}l uoneinp)
[E13|3350|NJSNW

cE661 e 13 Isisse)

¢+9661 'UOSS|IN
pue oljbepeded

uonisod uted mo| pue ybiy ‘uoiyisod puodas buunp HiA3IS 1aybiy aney ‘buniis papoddnsun Gz 'slopJosip
yoes ul HIAT Aue Ul DINIS [ewldouqy 01 5103[gNs ||e Jof pudJ3 JUBdIHIUBISUON DINTS Jequini mey  ‘buisil ‘Buipuaq ‘buipuels 3SIP | Z 'S|0J1u0d 07 5L661 ‘e 18 eualy
SUOISSaS Bullsa}
om} bulnp suoud
S9dUdJa}Ip dnoub ou pue ‘buis payoddns (paiydadsun
pa[eands VAONY [[BISAO 'dd1D YHm ‘Buyis papoddnsun elis}Id uoneinp) 491
ON s123[gNs Ul Wi} JSA0 3|gelS SS9 DINIS DINIS lequni mey  ‘Buisu ‘Buipusq ‘Buipuels PaXIW 7 'S|0IU0D 07 <x0661 [e 18 BulY
%L €6/19Y10 %/'8
'paUIGUIOD %0
'|P13I9YSOINISNW 9% Z'G L
'SI9PIOSIP XSIP % /'€
‘snlypeojApuods %G| dd1D PUE JSpIOSIP XsIp
payoddns buiis ueyl DINIS 1amoy sidyreojApuods (pa1ynadsun
% | E6/19Y10 % | 6E ‘siuypeojhpuods 1dedxa e1I9}1Id uoneInp)
'PauUIqWIOd %G9/ DINIS 1aMOj sjo1uo?) :buipuag JBY10 7 ‘pauIquiod
'|eIS[SOINISNW %G Gty "DINIS Jamoy siuymeolApuods auoud /1 '[e13}33sojndsnwi
'SISPJOSIP XSIP %L 8 pue S|0J3U0d :BuIsky "DINTS pue ‘bunys pauoddns 99 ‘SI9pIOSIP JSIP
uonyisod ‘siiypeojApuods 9% 09 Jaybiy sisplosip ysip :psyoddns ‘Bunyis papoddnsun 76 'snypeojApuods
yses ul HINIS buipueis BURS ‘DINIS J9MO] S|0J1U0d Bulpuels DINIS Jequin| mey ‘buisi ‘Buipuaq ‘buipuels 61 'S|0Ju0d 67 ,6861 ‘e 19 eualy
0118 UOISUDIX3/UOIX3|} G1-11L woly (sow 9<)
ON 13ybiy “Buipuels ajiym 1aybiy 4g12 pabesane HINIS Mey  UOISUSIXS/UOIX3|} ‘Bulpuels dd1D 0€ S|0U0d 0E L0007 [e 13 ZoIquIy
€118 papJod3l DAN
40 %001 pue ‘%05
s9duaJap dnoib DINIS ou ‘syalgns '%0€ 4O SUORdRIIUOD Ananoe 497 (Yuow | >)
ON 491D ul apis |njuted uo HINIS JaYbIH  Bulnp DINIS patebau]  spPsNW dL1BWOos! ‘Bulpuels S1Nde Qf ‘S|0JIU0D Of L7661 ‘AaIXa|Y
uoIXal} S9JIpUI UOIRIO) pUB
ul [9A9] Ueaw UOISUIX3/UOIX3|} JaybIy pue ‘uonelol uo1e30.
'X3pul UOIX3|} PUE ‘UOISUIIXd ‘UOIX3|} Ul DINTS = 'UOISUDIX/UOIXI|4 (sow 9<)
‘uonow jo abuey %S'£8/%9¥8  19ybly sjo1uoD a3ualaIp ou buipuels pue y—£7 DINIS Mey ‘Butpuels dg1D O 's|0uod of 18861 [e 19 uldyy
aisn s31avIevA ALIDIHIDIAS/ALINLISNIS SONIGNIS DINFS 3dAL azunsvapy §1>3rans Aanis
ALIAILOY//NOILISOd

siskjeue-e}a\ ul paujwex3 saipnys jo Alewwng 'L ajqelr



Surface EMG and Low Back Pain

714

q1

Aianoda. 19| ‘z19dojs Y| ‘1]

A1anoda1 ybu ‘g7 =dojs 1ybu

‘71 adoys wbu ‘g7 Aianodas
ybl :uoNDeIUOD JBYE SUIW 7

g1 fousnbaiy ueipasw

[eriul Ya| ‘z1 adoys ybu ‘77

Alanodal 9| ‘g7 adojs ybu

‘71 9dojs Yol ‘g1 Aianodau
1yl :UOoMDeIUOD US)E UlW |

S9|qeleA HINIS
pue y1buails o uoleulquod)

uoneinp
X342 Ul S9dUIY4Ip dnoib
ON ‘sjuaned ul Jou Inqg ‘Buipuels
3|IYM S|0J1UOD Ul UoIeIDadXS

ON Aq pausnioys Aduaie| ssuodsay

LS—G1 pue
| 7-Z 1L wolj uoneinp
pue Aousie| 3|49y

BIAEN
ON auop uosiedwod [edNsiiels oN Jlequin| palelbalu
%08
/%001 :UONJeIIUOD Jalje Ulw 7
%001 G111 e swn

/%88 :UOIIDRIIUOD J9}e ulW | po10dal 10U S9DUISHIP DINIS  J9A0 Adusnbaiy ueipsin
syuaned 4g1d jo

S92SNW |eain|b pue saMs Jay1o
01 paJedwod Sjewlou Ul Jamojs
anbiey [eain|o Aousnbauy

ON UBIPaW [BI}IUI Ul 92UI3}4Ip ON

awi} Jano snain|b
pue “1S-G7 €7
1e fousnbauy ueipaiy

Z1pue §7
ON 18 DINIS 43461y dg1D Yum siuaned

S1pue
‘21011 1 DINIS Mmey
DA 0 %08

|7 01 pasedwod g7 3e Adousnbaly  3e suoidesuod buunp

%8L/%98 uelpaw [eul Jaybiy pey dg1d fousnbaly ueipsiy
1S9MO]| 3y} S|0J3U0D |9A3] Jequun|
'DINIS 1s9ybIy pake|dsip IO [EDIAISD JB SUl|9Seq
ON syalgns uled deq buljgesiqg

payoddnsun 0s10} yum

10} UoINdeuod >\_mwc3_0>

wouj abueyd DINIS  BUS S|IYm $SI3S [BIUSIN

(paydadsun
Buipuels pue eLId}Id uoneInp)
BUNYIS B|IYM SBIIWRIIXD 491D yum

Jaddn sy jo buipeo|  syuaied uoneiulsy
pa1adxaun pue paedx3  3SIp 07 ‘S|0JU0d G|
(pa1ynadsun
BLIS}D UoIIBIND)
dd1D [edlueydsw

Sp|oy D1113Wos! ‘Buold 8 'S|0Juod Q|

SpU0as O
(pa1ynadsun

PLIS1LD UoIeINp)

dg18 's|osuod /|

wnwixew JO %08
1e UOI1DRI1UOD DIIIBWOS|

uodeIuod Aleiun|on
wnuiixew Jo %09 (sow £<)
1P UOI}DBIIUOD DLIBWOS| 491D 0T ‘S|043U0d G|
(panyadsun
ZIEMID)
uoneinp) dg1
81| ‘uled buneipel
G| ‘uonelwsy
Buipueis  dsip QL ‘S|0Au0d | |

uoISUIXd (syruow 7| <)
3UnJ1 DLIBWOS! PR1eaS dg1D /G ‘S|0J1U0d GG
(paiydadsun
eLIR1LID uoleINp)
uted 28U Jo yeq
Mo| buljgesipuou
0l ‘uled
323U IO 32eq MO|
1uodyd buljgesip
0l 's|osu0d 7|

61002 '[B 12 uduouIa]

5cllz661 ‘e 10 997

»e81661 ‘e 19 udy

8661
‘e 19 eedueeuey

1e¥5661
‘le 19 eJeenojer

02€00€ '[e 33 Buiny3

417661 ‘e 19 poona(

aisn s31avIdvA

ALIDIAIDIAS/ALINLISNIS SONIGNIS DINIS FdAL

azansvapy
ALIALLOY//NOILISO4

$1>3rdNS

Aanis

“‘panuiluo) ‘L dlqel



715

ORIGINAL REPORT/Geisser et al

adojs Aouanbaiy samod uesy

ON

ON

ON

%001/%0v

ON

Ajuo syuaned
Ajisse|d 03 auop
sishjeue ueulwldSIg

ON

anbiey

1918216 pake|dsip s33[gns 491D
S|9A3| UoILRX® Jaybiy
1B SNUILIOPQE SN1daJ Ul AlADe
1amoy pey sjuaired ‘uoineiol
1ybu buung uonejol [eixe
1J3] BulNp snpiyiNw ul AjAide
Jamo| pue ‘sanbi|qo |eulalxa

ut syusiied ui Ayanoe JaybiH

S|0J3UOD pue
sjualed USaMIaQ SIDUDIBYIP ON

sjew.ou
0} paJedwod syusned buowe
(d>ueInpus JaMmo)) sadojs Jadasis

11| du1WwwAs

e buiwiopad 3jiym apis Y|

pue 1ybu sy usamiaq AuAide

DINIS paduejequn Ja1ealb
pue HiAIS Jaybiy pey syusned

dnoub ssedxa

woldwAs mo| pue sjoJiuod

01 aJedwod dnolub ssadxa
woldwAs ybiy ut 1aybiy DINIS

71 1e Aususp Jaddn

pue ‘| 1e Ausuap Jaddn pue

‘spnyjdwe punoibdeq ‘Aususp

punoJb3deq 1dadxa saunseaw
||le uo Jaybiy Apuediiubis sjosuod

£11e

Aousnbaiy jamod ueaiy

snpynw

‘wnioguin| si|eisodo
‘ISIOp SNWISSe|
‘sanbijqo jeussiul

pue |eulaIxs ‘siuiwopge
SN123J WO DINIS Mey

UOIX3} Ul HINIS

0} pazijewlou g—7 pue
7—€11e DINIS pajesbaju|

uoISSas
1SJ14 JO S[el} G ise| pue

1511 404 adojs Aouanbauy
Jamod ueaw |eniu|

uoibal Jequin|
J9AO PBP.IOIAI SHSeY

|e2u1WWAs bulnp apis
1ybu pue 33| ussmiaq

SUONEe[R1I0d pue

"3S€} [EDIBWWAS Bulnp

uoI15esiuod dJl1aWos|

wnuwixeuw JO 1usdlad

71-11 DINIS mey

71 pue /1 1e Aususp
Jaddn pue ‘spnydwe
saddn ‘Ayisusp
punoibxdeq ‘Aususp

‘apnyjdwe NS uesy

payoddnsun 0si0}
UMM PlOY DHISWOS| 'SUOId  dg1D 7| 'S|01IU0d 7|

110}49 4O S|9A3)
JUaJa44lp 1€ Bbulpuels

(sow £<)

(syruow 7| <)

3[lym UoneIol [eIxy  dg1d Z1 ‘S|oluod 7|

bunis

(stpuow 9<)

3AIDE ‘BUIpuRlS ‘BUnlS  dgT1d L ‘S|ouod ||

SUOISSSS |BlJ1-9AIINI3SU0D

-0l om] ‘pauoddnsun
0S40} Y} SPU0Ias G|

(pa1ydadsun
eLIB1LID UOIRINP)

10} p|oyY dLIBWOS! ‘BUOld  dd1D 01 'S|043U0d ||

UOI1L104 JUNJ1 INOYHM

pue yum syl buiwioyiad

'9DINSP JUIRI}SDI

(sow 9<)

|einisod ul buipuels  4g1D 0T ‘S|041U0d 07

(pa1ydadsun
eLI9YLID

UOoIRINP) SS90X
woldwAs mo| yum
syuaned 491D €€
'ss0xa WoydwiAs
ybiy yum syuaned

Bulpuels  d4g1D 81 ‘S|011U0d OF

payuoddnsun
0510} Y1 SpU0das

7 10} p|oy J133Wos! ‘auoid

(paydadsun

el uoleInp)

dg1D yum spalgns
79 'S|oluod | g

»sC00C ‘[e 18 Sxnseed

1c#2007 '[e 19 BN

vS861 BN

»6861 |2 19 JakeN

2, L00Z ‘B39 N

1000 [e 13 puejjo]

orb000T "BiSUIs

a3isn s31gvidvA

ALIDIAIDIAS/ALINILISNIS

SONIaGNIH

DNIS AL

azansvap
ALINLOY/[NOILISOd

§123rans

AaniLs

""panuiuo) ‘L 3|qel



glpue ‘1’11
12 DAIN JO %08 18
uoldeuod BuIMO||04
amnuiw | 3e Aouanbauy
uelpaw jo A1anodal
pue ‘adoys ‘Aousnbauy Anioe
uelpaw [eILUl  3PSNW DLIBWOS! ‘Bulpuels

L7 wouy
pap.Jodal 9dojs Y3|
pue ‘77 1e Aisnodal

9pIs 19| ‘g7 pue
17 1e Ajjesaie|iq A1anoday

uted oeq
INOYHM PUB YIM SIBMOJ USDIMIQ
pajeulwdsip Apuediiubis |

1e 9dojs pue sals G 1e A1anodal ‘||e1snQ

(pa1ydadsun

BLIS}ID UOeINp)

uled oeq Mo|
YUM 9 ‘SIamMOol €7

%€6/%001 590661 |2 19 Aoy

Surface EMG and Low Back Pain

716

SIS
Buipi0d2 JUBIRHIP
1e sanjea Aousnbauy

uelpaw [eniul pue

adojs jo uoneulquod

uoldeuod 1eadal
pue anbiey buunp
Aedap Adusnbauy
Jamod ueipsw pue
‘uordelIIuod 1eadal
Buunp Aouanbauy
Jamod uelipaw
[BIIUI “UOIDRIIUOD
Bulnp Aouanbauy
Jamod ueipaw |enul
‘Aousnbauy Jamod

uelipaw [eniul Ui abueyd

S3Us G

pue 77 3Y3 10} DAIN %08 1e sadojs
J9MO| pue ‘|7 1. S|9A3| 9]11DRIIUOD
||e Jo} syuaned ueyy Aduanbaiy

%¥8/% 16 :DAN %08 104
% L9/%SL DNN%Q9 104

%C6/%8 :DAN %0t 104
9N aAlysod

Aybiis pey da1d ajiym ‘aand anbiey
2do|s aAlzebaU peY S|0JIU0D) "ISIDI9XD

ON  buunp Auanoe spsnw Jsmoj pey dg1D

sappsnw siuobejue pue isiuobe ul

ON SSWi} uonDeal Jamols pake|dsip syuaied

SaPsNWI dnsiuobeiue

BunieAlde s|IyM SUOIFIRIIUOD BISNW
1siuobe paulelulew osje syusiied
‘s9psnwi 1siuobejue pue isiuobe ul

ON S3WI} UOIIdeaL JaMo[s pake|dsip siuanied

aulds 8y} JO S|9A3| Jamo|

1€ S|0J1U0> 0} pasedwod Aedap SS9

pue ‘suondeliuod buinbiey buunp

Aousnbaly Jamod ueipaw [eryul

%001/%8°€6

Jaybiy aney 0} papuay sp3lgns 4g1d

S

pue ‘711718 DAN
4O %08 pue ‘%09
"0 01 1B SUOIDRIIUOD
Buunp Aduanbauy
uelpaw jo adojs pue

uelpaw [eriul Jaybiy pey sjoiauod)  Adusnbaly uelpaw eyl

Ay
e SaANd anbiney
DINIS paiesbay]
SOUS 1UDIBHIP
71 1B 1591 9ses|al
32inb 03 asuodsal
ur swiy Aianodal spsnin

SIS JUBIBHIP
Z1 1e 1591 asesjal
3inb 03 asuodsal

ul awil Aisnodal 3PS

G1pue ‘g1 ‘el e

uo1deIu0d Ale3un|oA

wnwixew Jo

%09 1B SUOI}1DRIIUOD
JOSU3IX® 32BQ dLIBWOS|

Aunioe

32SNW dLIBWOS! ‘Buipuels

dduelsisal Anesy pue
14BI1| YyuM suoideuod

J1J1Usdd9 pue J1lusduod
aAladal ‘Bunus

puno.b ay} JJo 1994

yum papoddns ‘buipuels

punoib ayy 4o 1994

yum papoddns ‘buipuels

(sow 1<)
dg1D Tl 'sjouod 7|

(payydadsun

e1I91LD uoneinp)
dg1D 91 ‘sjojuod z|

(sow 9<)
dg1D 91 sjoJiuod |

(Sow 9<)
d€1D £1 'sjonuod /|

(sow 9<)

BulpueISILSS  dg1D LZ ‘S|0aU0d 8|

96861 |2 19 Aoy

09661
‘le 18 uosuigqoy

651007
‘le 13 plogapey

85s000¢
‘|e 19 pjogspey

553661

‘[IID2IN pue yoesd

a3isn s31gvidvA

ALIDIAID3AdS/ALIAILISNIS SONIANIH

DW3S 3dAL

azdansvam
ALIAILOY//NOILISOd

§153rans

Aanis

“‘panuiluo) ‘L dlqel



717

ORIGINAL REPORT/Geisser et al

"POPN|IUI SEM HOHD WNWIXeW 18 DIAFS AJUQ "S|9AS| HO4D JUIDHIP JO ISQUINU B 18 PIUILUEXD SeM DINISH
"papNpUIl 19Mm apniijdule Ueaw oy elep Ajuo ‘salpnis Jay1o o} ajqeseduwiod aq elep ay} aney o b

‘pasn alam e1ep DINIS AJUQ "DINIS pue AydeiboAw d1snode y1og paulwiexs Apnis siy ||

"pasN aJam SisAjeue JUBUILULDSIP JO SHNSal AjUQ "elep DINIS 10} pauasaid JoU SUOIIBIASP pIEpUR)S pUe SUBSINE
'G71e elep 1oy Ajuo pajuasaid SUONLIASD PJepuP)S pue SUBIN+

‘pazA|eue aiam sanjea A>uanbauy uelpaw [eniul Ajuo ‘aloa19y] ‘suonelrsp piepuels dnolb 1odas Jou pip Inqg ‘sadojs anbie) DIAFS paulwiexs osie Apnis iyt

‘sishjeue-e1aW ay} Ul pasn sem UOISSs 1511 Y} wody exep ayl Aluo "dnoib yoea ul DINIS Jo Aljigels [eiodwal 8yl dulWEXd O} SUOISSAS BUIISa) Z UO S|0J3u0d pue uted yoeq yum spalgns ul DINIS paulwexs Apnis siyl «

"UOI}DRIIUOD AIBIUNJOA WNWIXBW ‘DA (UOIRIARIGAY

Ssa}s buiplodal
Y10q 1e sonel

uolexe|al uoIxa|4 %SL/%E6
ON
ON
ON
ON
Halayh
uo S33Is € ||e
wou} Aduanbauy
uelpaw

‘17 wouy adoys

pue Aousnbaly %001/%88 ¢ 3|dwes

Ollel uonexe|al

-UOIX3|} JSMO| B pUB "UOISUS]1X3-3l
Buunp DINIS JaMO| ‘UOIX3YY [Ny Ul
DIN3S 12ybly ‘uoixal bulnp g7 1
DINIS 1amo) Ajpuediyiubis pey siusiied

s13[gns 441D Ul

G171 1e Aouanbaly ueipaw (iUl 1Mo

uoiow xdeq buunp

AyAnoe J9Mo)| pue ‘spslgns uled
3oeq buowe uoIxaj} Ul DINIS JaybiH

Ol}eJ UOIX3]}/UOISUDIXD JAMO]| B pue
‘syuaiied Ul UOIX3|} Ul 9SBa103p JaMOT]

Buipuels

03} UOIX34 ||} WO} HINIS J9MO| dd1D
‘UoIX3} BULINP DIAIS Ul 9dUBIBH4IP ON

7 9|dwes 0y paidde sem

U3Y} YDIYM ‘uonduny JUeUIWLIdSIp

9leald O] mw_>>Qme paJlalus

| 9|dwes wou} paus buiplodal 9

Emd
pue ¢—173e DINIS Mey

G~ pue z| | 1e adojs
pue Aousnbalj ueipa

G-t 18 DINIS pabelany
G1pUe #7118 DINIS
3de4Ns paljinoal

pue Jejndsnwieliu]
Buipueis ajiym
DINS 03 Auanoe

buunp HIAIS Jo oney

glpue ‘=71 11

1e papJodal DAIN O
%08 1e UOI1DeIIU0D
Huimol|oy A19A0d31
pue adojs ‘Adusnbauly

UOISU3}Xd pUe UOIX3|4

pauoddnsun 0sio}
YHM p|oY DL1BWOS! ‘Buo.d

UOISUSIXd pUB UOIX3|4

UOISU3}Xd pUB UOIX3|4

UOISus1xXa pue uoixs|4

Ayanoe

(sow 9<)

dg1D 0Z 's|o1u0d 0

(sow 9<)
dg1D Yum siajjob

7 's|01U0d 9|

foueubaud
910J3q 135U0 YHm
uted eq yim
uswom 1ueubaid
ZE pue uswom

jueubaid ‘Ayeay Lz

(pa1ynadsun
191D uoneInp)

dg1D £8 's|ouod G

(sow 9<)

dg1D 0¢ 's|ospuod g7

(pa1yadsun
PLIS1LD UoIeINp)
dg1D £§ 'sjonuod
9z 9|dwes

-dg91D 8¢ 'sjonuod

1,L661
‘|e 18 UOSIBAA

oL 100¢
‘Respur pue Jains

693661
‘| 18 UsuoAYIS

20l661
NERERVE\V]IN

105661
‘le 32 opeiIys

uelpa %98/%G8 ;| djdwes  wolj adojs pue Aouanbaly uelpaw (eIl uelpaw [eIlUl  9PSNW D113WOS! ‘Buipuels 7 ¢ 9|dwes 99G661 ‘1B 19 Aoy
aisn s31avIevA ALIDHIDIS/ALIAILISNIS SONIGNIS DINTS FdAL azdnsvapy s1>3rang Aanis
ALIAILOY//NOILISOd

“‘panuiluo) ‘L dlqel



Surface EMG and Low Back Pain

718

|eubis jeuiblio oy pasedwod
SWI} UOIDE3J S9INSeaw Ajalelndde

ON 2JOW UOI1BWIOJSURIY 19|9ARAN
(3p!s paunful syy
uo Jaybiy AjjeaidAy) syusied buowe

ON soduejequil Aouanbauy ueipsw JaybiH
SjuaWanowW
PJEMIOY [|BUIS Ul UOIIBAIIDE 3DSNW
JlIBWWASE ey 0} Aj91| alow pue
‘snuiopge snydaJ d1eAilde o3 Ay

ON SS9 Siuaied ‘syuswianow dn-ss01 U
JusWileal}
JO 1Ie1S 3y} 01 paJedwod JuaW1LRa}
JO pud 3y} 1e 3Jom pue anbiiey

ON DINIS SS9 PAILIISUOWSP SIuBlIed
syuaned ul
SOOURIRHIP H3-Iybu pue AlswwAse
Jequin|-0JeJIoy} J91eals) 's1algns

ON 497 Ul UOIeXE[J/UOIX3|} JO S5O

3PPSNW [e3S000|!
ul DINIS Jaybiy pue ‘snpiinw

ON Ul sapnyjdwe Jamo| pey sjualied
sjualed J0j JUSISHIP ING “S|0IU0D
10} S31IS JPSNUWI BUOWIE JUBIBHIP

ON 10U SUIdlied "palyuspl suaned aaly|

s2In1s0d aAILIaXS dJow BuLnp HINIS
ON Jaybi1y aney 01 S|0JIUOD 1O} pudl|

spa[gNs 447D pue sjeuwiou Uaamiaq

ON $yse} ssoude suidned DNIS waIayIa
UOI1eAI}De-0D
dPsnNW Ul sabueyd Jamaj pue ‘sysel

ON  2nes bulnp DN3S $s9| paanpoid 4912

S19]9ABM SNONUIUOD pue
199.08Ip 01Ul £7 18 DIAIFS pawLIojsueI ]

G171 'L 18 S|9AS] [PWiIXewqns
snouien 1e adojs pue Aouanbaiy ueipsiy

sna|pnuoJiseb pue ‘sijeiqi} JoLsiue

‘snuiwopge snioaJ ‘seulds 10103

1B UOI1BAIE 3PsNw Jo AlswiwiAse
pue ‘Aousnbauy ‘Bunily jo Aousie]

weiboud

9SIDIDXD X99M-8 UP JO UOoldUNy

e Se G— pue —¢7 1e abueyd
apniyjdwe pue Aduanbauy Jamod ues|y

AswwiAse Jequunj-odeioy}
'asuodsal UOI1eXe[4/UOIX3|}
‘€1pue 0L L 18 DINIS Mey

sSnpyinw pue
‘SNWISSIBUO| ‘|e1SOI0I|I WOl DINIFS MBY
sapsNW
/ WOJ} papJodal suidlied 1UsWanow
3psnwi Jo sisAjeue syusuodwod jeddutid

G pue €718 DNIS Mey

ISIOp snuwlissiie|

pue ‘seulds 1032313 ‘sanbi|qo [BUIIIXD
‘SluILIOpge sn1dal Woly DIAIS patelbaiy

ISIOp snuwiissiie|

pue ‘seulds 103331 ‘sanbi|qo [BUIIIXD
‘SsluILIOpQe SN}dal WoJy DIAIS parelbay

peoj usppns bulnp AyAioe
3PSNW d1IBWOS! ‘Buipuels

Anioe
9Psnwi d1IBWOS! ‘buipuels

suoneqg.nyiad
a1e|diooy buunp
suJa11ed uoleAllde JPSNIA|

UOISUDIXD
3UNJ} D1IBWOS| pa1eas

UOISUDIXd
lIny "uoixal} I} ‘Bulpuels

payoddnsun 0510}
YHM Sp|OY D111BWOS| ‘suoid
N
Bun-b| pue Jaanauew
Buimojjoy jeurwopge auidns
159} Jossaud-p|od dnawyie
|e1USW 1U3q SI3UY
auidns ‘bunis psyoddnsun
‘113 J1njd prempdeq
‘}|13 J1A]2d pJeaoy ‘puaq
206 'PUaq ,G7 ‘Buipuels

uolysod paxaj} pue
[B4INaU e ul 3se1 Buipjoy dneis

uolnsod paxa|} pue
[BJIN3U B Ul 3se} Buipjoy dneis

(paiyi>adsun uoieinp
ured) 491D L L ‘slewuou ||

(paydadsun uoneinp
uted) 4§12 8 's|o43u0d 01

(SOW 9<) 91D 1 Z 'S|ou0d 0

(sow ¢
JO abeJane) 441D g 'S|041uod 8

(S4m

7>) dg91 9128 Q| '$|011u0d 9
(sow 9<) aindely
[Blga1I9A 10} sIsapojApuods
|esiop Aioyisuely 1sod

-snyels syusned zg ‘s|joauod ¢g

(SIM £ <) dgTD L "|043U0D 7

(SOW 9<) dgT1D L L ‘S|0IU0D ||,

(paydadsun uoneinp
ured) dg1 /7 'S|03U0D O

(SOw 9<) dg1D L 'S|0U0d O

050002 ‘[e 12 adod

25,661 '[e 19 UOSSPPO

05C00T [ 12 J2UIOOMIN

02661 |2 13 A3uoopy

1£€661 219 Yoea

<1007 ‘e 19 Jawesy

0007 "BUIZOA pUe A3203-A3|0NH

»1C861 ‘[e 19 5Uljj0D

116661 ‘[e13 nolyD

018661 ‘213 UsyD

ALIDIHIDIAS/ALINILISNIS SONIAONIH

DWFS 3dAL

a3dnsvap ALINILOY/INOILISOd

s153rans

Aanis

sisk|eue-e)1a\ Ul papnppuj 30U Ing PaMIIARY S3IPN)S Jo Alewwng °Z 3jqel



ORIGINAL REPORT/Geisser et al

719

Table 3. Effect Sizes for Studies Examining EMG in Static Postures

NUMBER OF MEAN EFFECT

MEAN WEIGHTED MEAN SENSITIVITY MEAN SPECIFICITY

POSTURE EFFeCT SizEs Size (SD) RanGE ErFect Size (SD) (RANGE) (RANGE)

All postures 63 67 (.7) —.20t0 4.81 .65 (.7) 39.6(0to 76.5) 90.8 (8010 93.1)
Standing 20 1.14(1.1) —.03t04.81 1.11(1.0) 53.6(39.1t076.5)  89.5(801t093.1)
Unsupported sitting 10 A4.(.1) 2610 .71 A43(.1) NA NA
Supported sitting 13 35(.3) —.20to0 .75 34 (.3) 14.3(0t0 32.7) 93.1

Sitting supported mental 10 .53(.3) .10 to .99 .52 (.3) NA NA

stress
Prone 10 50(.2) .23 to0 .69 .50(.2) NA NA

Abbreviation: NA, not available.

group in these cases were the same. In addition, separate
effect sizes were calculated for the same groups of sub-
jects who underwent one or more conditions in an ex-
periment. As treating nonindependent effects as indepen-
dent can lead to errors in statistical tests of significance for
effect sizes,®? the effect sizes presented here are summa-
rized qualitatively based on the guidelines put forth by
Cohen."® Cohen defines an effect size of .2 as a small
effect size, .5 a moderate effect size, and .8 a large effect
size. To control for effect sizes based on a small number
of subjects, a weighted effect size was also calculated
which corrects for sample size based on the formula d =
J(m)g, where g is the uncorrected effect size and J(m) = 1
- (3/(4 x df) - 1).2°3¢ As one goes through the tables,
however, there appears to be little difference between
the actual and adjusted effect sizes. Therefore, the ac-
tual effect sizes are discussed and interpreted in the text,
whereas the adjusted effect sizes are also presented in
the tables.

Results
SEMG in a Static Position

A total of 63 effect sizes were extracted from 10 studies
reporting static SEMG differences between LBP subjects
and normals.'-34>6.17.31.41.4571 The effect sizes for the
four static postures examined in these studies are pre-
sented in Table 3. In addition, 1 study examined SEMG in
a sitting posture while undergoing various mental stres-
sors.' The largest effect size was obtained for standing
(n =20, d = 1.14). The effect sizes for lying prone (n = 10,
d = .50) and sitting supported while undergoing mental
stress (n = 10, d = .53) were moderate. The effect sizes
for unsupported (n = 10, d = .44) and supported sitting
(n = 13, d = .35) were small to moderate.

Two studies™”? reported no significant SEMG differ-
ences between LBP subjects and normals while standing,
and another study reported no group differences be-
tween LBP subjects and controls in 6 different postures,
including standing.®> Ahern et al' examined a measure of
SEMG asymmetry between the right and left sides of the
back while standing, and found no difference between
LBP subjects and controls. Miller*> observed no SEMG
differences between LBP subjects and controls during
quiet or active sitting (performing a task using the upper

extremities), or while standing. This study examined
SEMG that was normalized to SEMG levels in flexion. Five
studies®+©3%38 reported that LBP subjects had higher
SEMG levels during static postures compared to controls.
Lofland et al*" however, reported that this was only true
for a subgroup of LBP subjects who displayed excessive
and/or anatomically inconsistent motor, sensory and ten-
derness responses during a neurological examination. Ja-
lavaara et al®' found that subjects with idiopathic CLBP
had higher SEMG than levels controls, whereas subjects
with disc herniation and sciatica did not. DeGood et al'’
reported that subjects with disabling back pain (either
upper or lower) had the highest SEMG levels compared
to controls while sitting supported. Also, persons with
disabling back pain displayed the greatest change in
SEMG compared to baseline when performing mental
arithmetic.

The effect sizes for sitting supported, unsupported,
and lying prone primarily come from 3 studies conducted
by Arena and colleagues.*® In 1 study,® no overall group
differences were observed. These authors also reported
in two studies™® that disk disorder subjects had higher
SEMG than normals and other LBP patients when sitting
supported. No group differences were observed when
SEMG was measured when subjects were lying prone or
sitting unsupported.

Findings from other studies from which effect sizes
could not be calculated are also summarized here. Chen
et al'® found that LBP subjects had lower SEMG during
static postures, and Chiou et al'" observed that LBP sub-
jects had different patterns of muscle activity than con-
trols in various postures. Collins et al'* studied LBP sub-
jects and controls in static postures, with some postures
that require exertion to maintain the posture (such as a
45° bend). The authors found that LBP patients had
higher SEMG during most postures, particularly those
that required exertion to maintain them.

Reported sensitivity and specificity from studies exam-
ining static SEMG measures are also reported in Table 3.
These data come from 2 studies by Arena et al.*® The
authors reported that static SEMG has good specificity
(ability to identify normal, healthy subjects), but poor
sensitivity (ability to identify persons with LBP). The av-
erage sensitivity for all static postures combined was
39.6%, and the average specificity was 90.8%.
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Table 4. Effect Sizes for Studies Examining Dynamic EMG

NUMBER OF EFFECT MEAN EFFECT

MEeaN WEIGHTED MEAN SENSITIVITY MEAN SPECIFICITY

AcTiviTy SIZEs Size (SD) RANGE EFrecT Size (SD) (RANGE) (RANGE)

All activities 35 —.04(0.8) —2.10t0 1.26 —.04(.8) 88.8(84.61t093) 81.3(751t0987.5)
Rising 10 25(.3) —.18t0.71 24.(.3) NA NA
Active sitting—active 1 .05 NA .05 NA NA

side
Active 1 21 NA .20 NA NA

sitting—inactive

side
Flexion 14 .34 (.5) —.79t0.79 .34 (.4) NA NA
Full flexion 1 1.26 NA 1.25 NA NA
Reextension 3 —-1.15(.9) —2.211t0 —.60 —1.14(.9) NA NA
Flexion-relaxation 4 —-1.71(3) —2.25t0 —1.36 —1.70(.3) 88.8(84.6t093) 81.3(75t087.5)

ratio*
Rotation 3 —.63(.4) —.89to —.18 —.62(.4) NA NA

Abbreviation: NA, not available.

*The sensitivity and specificity listed for the flexion-relaxation ratio (FRR) is based on a combination of measures. In one study, it was the FRR from multiple
recording sites, and in another it was combined with range-of-motion and mean EMG in flexion.

Dynamic SEMG

For dynamic activity, 37 effect sizes were calculated
from 11 studies.’-34>6.45.51.67.68,69.71 Qe study*® exam-
ined SEMG during a unilateral upper extremity task, and
reported SEMG separately for the side of the back ipsi-
lateral to the active extremity (active), as well as the
contralateral side (inactive side). The effect sizes are sum-
marized in Table 4. The effect size obtained for active
sitting-active side is small (n = 1, d = .05). The effect sizes
forrising (n = 10, d = .25), active sitting-inactive side (n =
1, d = .21) and flexion (nh = 14, d = .34) are all small to
moderate. The effect size for trunk rotation (n =3, d =
—.63) was moderate to large. Large effect sizes were
observed for re-extension following full flexion (n = 3,
d = —1.15), and from 1 study examining SEMG in full
flexion (d = 1.26).%7 Four studies examined flexion/relax-
ation differences between LBP differences and con-
trols,"*%871 and the average effect size from these stud-
ies was very large (d = —1.71). This effect size is based on
a total of 227 subjects with LBP and 115 control subjects.
It is typically observed in SEMG studies that patients with
LBP display an absence of paraspinal muscle relaxation in
terminal flexion. This phenomenon, which is commonly
observed in normal, healthy persons, is termed the flex-
ion relaxation response. These four studies calculated a
flexion-relaxation ratio (FRR) and compared LBP subjects
to controls on this measure. The ratio typically involves a
comparison of SEMG during flexion to SEMG in full flex-
ion, with a smaller ratio denoting less paraspinal muscle
relaxation in terminal flexion. Assuming that the distri-
bution of FRR scores is normal in BP and healthy popula-
tions, the amount of nonoverlap between the distribu-
tion of scores between normals and LBP subjects is
approximately 76% based on the average effect size ob-
served in these studies.

Miller®> reported no observed differences between
LBP subjects and controls during active sitting on either
the active or inactive side. Arena et al® reported that LBP

subjects tended to have higher SEMG while bending and
rising, although SEMG activity differed by LBP diagnosis.
Sihvonen et al®® also reported higher SEMG among LBP
subjects during flexion, whereas Watson et al”’ and
Ahern et al’ reported lower SEMG among LBP subjects
while in flexion. Shirado et al®” reported no difference in
SEMG among subjects with CLBP and controls during
flexion, but lower EMG activity among subjects with
CLBP during reextension. All studies that examined a
FRR'3:6871 reported a significantly lower ratio among
LBP subjects compared to controls. Ahern et al’ reported
significant differences in right/left paraspinal activity be-
tween LBP patients and controls during rotation, and Ng
et al®*' reported both higher and lower muscle activity
among LBP subjects depending on the muscles examined
and the direction of movement. Among studies not in-
cluded in the meta-analysis, Hubley-Kozey and Vezina3°
reported that LBP subjects had different patterns of mus-
cle activation during a supine hollowing abdominal ma-
neuver and leg-lifting. Leach et al®” reported that LBP
patients had greater muscle asymmetry while bending
and demonstrated a loss of flexion/relaxation.

Sensitivity and specificity for dynamic SEMG were re-
ported in 2 studies. Watson et al’! used FRRs from differ-
ent recording sites to classify subjects, while Ahern et al’
combined the FRR with lumbar range of motion, and
SEMG in flexion. The average sensitivity from these 2
studies was 88.8%, and the mean specificity was 83.1%.
These data are based on 110 subjects with LBP and 60
controls.

SEMG During Isometric Activity

A total of 22 effect sizes were examined from 14 stud-
ieS.2'8'9'20'30'33'38'42'43'54'55'60'64'70 In addition, 3 StudieS Only
examined the sensitivity and specificity of various SEMG
measures.>*%%66 These findings are presented in Table 5.
Three studies examined integrated SEMG during isometric
tasks.>-38 The average effect size based on these 3 studies
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Table 5. Effect Sizes for Studies EMG During Isometric Exertion
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NUMBER OF MEAN EFFECT MEean WEIGHTED MEAN SENSITIVITY MEAN SPECIFICITY
AcTiviTy EFFeCT SizEs Size (SD) RANGE Errect Size (SD) (RANGE) (RANGE)
Overall 22 =.57(1.1) —2.35t02.21 =.55(1.1) 84.4(40t09100) 89.8 (67 to 9100)
Integrated 7 —1.28(.6) —1.85t0 —.33 —1.24(.6) NA NA
Initial median frequency 4 —.51(2) —.72to —.31 —.49(.2) NA NA
Median frequency or 8 0(1.0) —1.65t01.32 0(1.0) 40 (NA) 100 (NA)
mean power slope

Mean amplitude 1 —2.34 NA -2.33 NA NA
Peak linear envelope 1 2.21 NA 2.17 NA NA
Left-right correlation 1 —-1.38 NA -1.35 NA NA

Abbreviation: NA, not available.

was large (n = 7, d = —1.28). The effect sizes for initial
median frequency were all negative, and the combined
average effect size was of moderate size (n = 4,
d = —.51). Capadaglio and Nilsson,® Roy et al®* and Suter
and Lindsay’® reported higher initial median frequency
means in control subjects compared to LBP patients, while
Kankaapéaa et al®*® found no difference between LBP pa-
tients and controls on this measure. It should be noted that
effect sizes for initial median frequency could not be ex-
tracted from 2 studies that reported higher levels in LBP
patients compared to controls.?°->°

Eight effect sizes for median frequency or mean power
decay over time were available from 7 studies. The mean
effect size obtained was small (0). Five studies33-43.54.64.70
found that LBP patients displayed greater decrease in
SEMG over time, suggesting faster muscle fatigue (ie,
greater muscle weakness) in this population. Two studies
found evidence for slower decay over time in BP pa-
tients.>>%° In normal control subjects, Peach and McGill>®
found greater decay in measurements taken from the
lower portion of the back (L5) compared to measures
taken a higher levels (L3 and T9). Subjects with back pain
had equivalent decay at all levels. The authors suggested
that in normal subjects the lower lumbar paraspinal mus-
cles assume a greater workload during an isometric task,
while in LBP subjects the load appears to be more evenly
distributed. Robinson et al®® found that CLBP subjects
displayed less decay over time compared to controls and
even found some evidence for greater muscle recruit-
ment over time. These authors suggest that this may re-
flect the performance of deconditioned muscles or insin-
cere task effort among LBP subjects.

Lisinski*® examined several unique SEMG measures
among LBP patients and controls during an isometric
hold of the upper torso. The SEMG measures corre-
sponded to various parameters (eg, number of fibers,
firing frequency) of small and large motor units. The
author found that mean amplitude, mean density, and
upper amplitude were significantly higher among con-
trols compared to BP subjects at the T7 level. At L4, the
author reported higher levels in controls on these same
measures, in addition to background amplitude and
background density. The effect sizes reported were quite
large (eg, —2.34).

Lu et al*? compared normalized SEMG to SEMG during

maximum voluntary contraction on a lifting task at 30%
of maximum voluntary effort. The authors found signif-
icantly greater unbalanced (left side compared to right)
muscle activity while lifting and higher average peak
linear envelope SEMG (as a percent of maximum volun-
tary contraction) among LBP patients compared to con-
trols. In addition, over the course of treatment, this ob-
served asymmetry in muscle activity persisted despite
increases in strength. The authors suggest that lack of
muscle symmetry may help to explain the high rates of
relapse among persons with CLBP. The effect size for the
difference in right and left side correlations between the
muscles of BP subjects and controls was very large (d =
—1.38), as was the difference in the average peak linear
envelope SEMG (d = 2.21).

For studies where effect sizes could not be computed,
Kramer et al*® found that LBP subjects had lower SEMG
in the multifidus muscles and higher SEMG in the iliocos-
tal muscles during a prone, isometric hold of the torso.
Mooney et al*® reported that CLBP subjects displayed less
SEMG fatigue and work at the end of a rehabilitation
program compared to the start. Oddsson et al®*? found
that subjects with LBP displayed greater median fre-
quency imbalances (with the injured side being higher
compared to the uninjured side) during standing, iso-
metric muscle contractions.

Sensitivity and specificity of isometric SEMG measures
are presented in Table 5. All studies except for one*3
utilized a combination of SEMG measures to classify sub-
jects (as determined by discriminant function analysis).
Overall, the average sensitivity and specificity from stud-
ies utilizing these measures are high (84.4% and 89.8%,
respectively). Only 1 study of all the studies reviewed
attempted to replicate the classification scheme ob-
tained in 1 sample in a second, independent sample. In
this study, Roy et al®® found that the classification
scheme obtain from 1 subject sample had 88% sensitivity
and 100% specificity in a second sample.

EMG Response to Initiation or Cessation
of an Expected or Unexpected Physical
Demand

Three studies fell into this category. All effect sizes
obtained were small to moderate, with the exception of
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Table 6. EMG Response to Expected or Unexpected Physical Demand or Release of Physical
Demand
Number of Mean Effect Mean Weighted

Activity Effect Sizes Size (SD) Range Effect Size (SD)
All activities 20 37 (.4) —-.45t01.10 .36 (.4)
Recovery from load release — on antagonists 6 .66 (.3) .30to0 1.10 .64 (.3)
Recovery from load release — off agonists 6 46 (.2) .20 t0 .69 45 (.2)
Unexpected loading — reflex duration 2 17 (.3) —.04 to .37 16 (.3)
Expected loading — reflex duration flexion 2 13(.2) .02 to .24 13(.2)
Unexpected loading — latency 2 0(.7) —.451t0 .51 0(.7)
Expected loading — latency 2 —-.02(.2) —.19t0 .14 —.02(.2)

a moderate to large (d = .66) effect size observed for
slower antagonistic muscle recovery in LBP patients.
These data are presented in Table 6. Radebold et al*%>°
found that persons with LBP displayed slower reaction
times in agonist and antagonist muscles during the sud-
den release of a load while standing. LBP subjects also
maintained agonist muscle contractions while activating
antagonistic muscles.>® Leinonen et al*® found that mus-
cle response latency was shortened by expectation in
control subjects while standing, but not in persons with
LBP. No group differences in reflex duration were ob-
served.

In another study where effect sizes could not be deter-
mined, Pope et al*® found that wavelet transformation
of SEMG more accurately measured reaction time com-
pared to the original signal during sudden release of a
load.

Discussion

Some studies examining static SEMG found higher lev-
els in persons with LBP compared to healthy subjects,
while others reported no difference. The largest effect
size was observed for standing, and greater differences
were observed among persons with LBP who were dis-
abled" or who displayed excessive pain behavior.*" The
effect sizes observed for dynamic SEMG measures
tended to be larger compared to static measures, how-
ever, the results were more discrepant. Studies examin-
ing SEMG while rising or during flexion produced mixed
results. One study reported greater SEMG among sub-
jects with LBP in full flexion, and the effect size was very
large (d = 1.26). Four studies consistently found a lower
FRR among subjects with LBP, and the effect size ob-
served was very large. Combining the FRR with other
SEMG measures, or range of motion, produced good sen-
sitivity (88.8%) and specificity (81.3%).

Consistent findings were observed in studies looking at
integrated or initial median frequency SEMG during iso-
metric exertion, as all found lower levels in persons with
LBP. The effect size for integrated SEMG was very large,
while effect sizes for median frequency shift or slope in
the SEMG signal were mixed. One study examined
unique SEMG measures during an isometric hold of the
upper torso, such as mean amplitude of the SEMG signal,
and reported very large effect sizes.*® Another reported

very large left and right SEMG asymmetries.*? These find-
ings appear to merit further study. Reported sensitivity
and specificity of median power frequency slope com-
bined with other measures was high (84.4% and 89.8%,
respectively). Studies examining SEMG response to the
initiation or termination of a physical demand produced
small to moderate effect sizes.

Based on the findings, at least 2 factors appear to in-
fluence the results of studies examining SEMG and LBP.
One factor is whether LBP is acute or chronic. CLBP is a
complex disorder that is influenced by a number of dif-
ferent physical and psychosocial factors that also likely to
influence SEMG. For example, subjects with CLBP are
more likely to be deconditioned, as these subjects tend
to avoid activities that are believed to cause pain.'® Sub-
ject selection or sample factors should be considered
when interpreting findings related to SEMG and LBP.

Second, CLBP populations are highly heterogeneous,
and the types of samples studied likely influenced the
findings. For example, Roy et al®® utilized college rowers
who did and did not report back pain, while Robinson
et al®® examined subjects with CLBP who were involved
in a spine treatment and rehabilitation program and
were presumably more disabled. These sample differ-
ences may account for both high and low levels of SEMG
fatigue being observed among subjects with CLBP
through sample differences in level of effort exerted
during testing. For example, it is frequently observed
that LBP patient populations typically perform poorer on
strength tasks.® While this may reflect weakness, it may
also reflect insincere effort due to pain or other fac-
tors.*>7" This is important as normalizing SEMG to a max-
imal contraction is subject to the influence of subject
effort.

Given that some SEMG measures are influenced by sub-
ject effort, it would be preferable to select a measure
that is least subject to bias by effort. A standardized task
may reduce bias due to subject effort. For example, in the
present review, studies examining SEMG decay during an
isometric hold of the torso all found greater decay
among persons with LBP. However, a strenuous stan-
dardized task might be difficult for most LBP subjects to
perform. For this reason, it would be preferable to select
a task such as bending that most persons with LBP can
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perform. Future research should consider assessing
SEMG during nonstrenuous standardized tasks.

Given that insincere effort is common in some LBP pop-
ulations, one might also consider choosing a SEMG
method for which insincere effort, due to pain or other
factors, biases the SEMG measure in a direction that is
characteristic of a person with LBP. As examples, insin-
cere effort on a measure of SEMG fatigue might bias the
results in a way that makes a LBP subject look “stronger”
like a normal healthy subject. Lack of effort (inability to
bend) during a flexion-relaxation task potentially biases
the SEMG measure to look like that of a person with LBP.
However, if one were using SEMG in a medical-legal con-
text, choosing the latter type of measurement makes it
possible for a subject to “feign” having LBP through in-
sincere effort. Further research is needed to determine
the extent to which SEMG measures are influenced by
factors such as sincerity of effort. This review suggests
that SEMG evaluation methods that do not rely on as-
sessment of maximal effort are less subject to bias.

It has been suggested that normalizing the SEMG sig-
nal is desirable, as factors that influence SEMG such as
obesity?®> may systematically differ between persons
with LBP and normal, healthy controls. Although nor-
malizing SEMG to maximal effort may be problematic,
other methods of normalizing SEMG data have been re-
ported in the literature. For example, 2 studies normal-
ized dynamic SEMG readings relative to SEMG while
standing.?>3% Such normalization potentially controls
for between subject differences in certain SEMG artifacts
but not differences in strength. However, it reduces bias
as this normalization does not involve an assessment of
maximal effort. Further research is needed to determine
whether such normalization helps to reduce artifact and
improves the reliability and validity of SEMG assessment.

Interpreting the findings as a whole, one measure that
appears to produce consistent and strong group differ-
ences in SEMG between persons with LBP and controls is
flexion-relaxation. This measure can be obtained on al-
most all persons with LBP, and insincere effort biases the
SEMG reading toward being characteristic of a person
with LBP. Overall, the average effect size was —1.71, and
4 studies consistently found a lower FRR among persons
with LBP compared to controls. While this review sug-
gests that a FRR alone can accurately discriminate 76 % of
persons with and without LBP, the studies reviewed in-
dicate that sensitivity and specificity can be improved
with additional measures. One additional measure that
should be added to this assessment is lumbar range of
motion. This is useful as it has been suggested that
paraspinal relaxation only occurs once a person reaches
about 40° of flexion." In addition, limited range of mo-
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