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ABSTRACT

Background: Low back pain (LBP) is commonly associated withagginal muscle dysfunctions. A
method to study deep lumbar paraspinal (i.e. niilts) muscle function and neuromuscular activation
pattern is intramuscular electromyography (EMGgvitius studies have shown that the procedure does
not significantly impact muscle function duringigittes involving low-level muscle contractions.
However, it is currently unknown how muscular fuostand activation are affected during high-exertio

contractions.

Objective: To examine the effects of insertion and presendmefwire EMG electrodes in the lumbar
multifidus on muscle strength, endurance, and atitia profiles during high-exertion spinal extemsio

muscle contractions.

Design: Single-blinded, repeated measures interventioh tria

Setting: University clinical research laboratory

Participants. Twenty individuals between the ages of 18-40 &feecent and current back pain.

M ethods: Muscle performance was assessed during 3 conslifiith [WI] and without [WO] presence
of intramuscular electrodes, and insertion follovegdemoval [I0]). Isometric spinal extension styn
was assessed with a motorized dynamometer. Musdigrance was assessed using the Sorensen test

with neuromuscular activation profiles analyzedimgithe endurance test.

Main Outcome Measurements. Spinal extensor muscle strength, endurance, ahaaan.

Results: Our data showed no significant difference in istinestrength (p=.20) between the 3 conditions.
A significant difference in muscle endurance wasfib (p=.03). Post-hoc analysis showed that the

muscle endurance in the IO condition was signifiiganigher than the WO condition (161.3+58.3 vs.
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142.1+48.2 sec, p=.04), likely due to a learnirfgaf All 3 conditions elicited minimal pain (raa@-

4/10) and comparable muscle activation profiles.

Conclusion: Our findings suggested the sonographically guidedrtion and presence of fine-wire
intramuscular EMG electrodes in the lumbar multifdnuscles had no significant impact on spinal
extension muscle function. This study provides ena® that implementing intramuscular EMG does not

affect muscle performance during high-exertion ttons in individuals with no current back pain.

L evel of Evidence: Il

Key words: electromyography, intramuscular insertiower back pain, multifidus



65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

1. Introduction

Almost 40% of the global population experienceeast an episode of low back pain (LBP) at
some point in their lifetime.[1] One theoreticalisa of LBP is spinal instability. Panjabi descrilbeat
spinal stability is constituted of 3 subsystemsspae (bones, joints, and non-contractile tissuag)ye
(muscles), and neural control (sensorimotor refigk2] Crisco et al. demonstrated the importancihef
active stability system that a cadaveric spine altimuscles removed will buckle under a load well
below normal physiological levels.[3] Perhaps thestimportant muscle for maintaining spinal st&ili
is the lumbar multifidus.[4,5,6] These deep panmaiinuscles are made up of short fibers that ckess
spinal segments, which allows the muscle to coittetsegmental rotations and resist shear fofues t
providing structural stability.[7] Kjaer et al. fod that atrophy and fatty infiltration of the lunmba

multifidus, implying muscle dysfunction, are sigo#ntly related to LBP.[8]

A common method to assess muscle function is elegtngraphy (EMG). Both surface EMG
and intramuscular EMG with indwelling fine-wire eteodes are commonly used for spinal research]9,10
Surface EMG is limited by myoelectric cross-talkldras been shown to be less valid in detecting
activations of deep paraspinal muscles such astifidus.[11]Intramuscular EMG can target specific
muscles if the fine-wire electrodes are insertediearsonographic guidance. Although intramuscular
EMG is more suited to study the activation of dpefspinal muscles, it has the potential disadganta
of altering motor behavior due to the pain assediatith insertion and/or presence of the intramlascu
electrodes during muscle contractions. For exangp&jious studies have shown that muscles in a stat
of experimentally induced pain exhibit a decreasaotor unit discharge rate as well as a change in
recruitment pattern.[12,13,14] In addition, a stbgyDescarreaux et al. showed that experimentally

induced cutaneous pain to the lumbar region altes@detric trunk forces.[15]

Specific to the intramuscular EMG procedure, Sratthl. concluded its use appropriate for
guantifying paraspinal muscle activation withowgrsficantly altering the trunk movement pattern.

However, they examined the intramuscular EMG ushgig walking and turning which requires only



90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

low-level muscle contractions (less than 20% of imaxn activation).[16] It is currently unknown how
intramuscular EMG affects muscle performance pataraeluring activities that involve high force
muscle contractions. Therefore, the purpose ofstidy was to investigate the effects of inseréiod
presence of intramuscular EMG electrodes in lumtaltifidus muscles on muscle strength, endurance,
activation, and fatigue during high-exertion lumbpinal extension tasks. We hypothesized that the
insertion and presence of fine-wire electrodes ddetd to reduced muscle performance. This
information is relevant to researchers who usaimtrscular EMG to examine activities that involvghhi
level of lower back muscle contraction. Clinicalgplications that utilize intramuscular electrqdeg.
diagnosis of lower back muscle dysfunction, biofestk, and myoelectrically-controlled prosthetic

development, may benefit from this work.

2. Methods

2.1 Participants

A sample of convenience of twenty individuals beiwd.8-40 years of age participated (10 female, mean
age=25.7+3.5, height=1.73+£0.09 m, body mass=74.3#g)). The required sample size was estimated
based on published data (estimated effect sizd & @ower = 0.95).[15] They were included in thedst

if they had no history of back pain in the last énths that required activity modification or medica
care.[17] Exclusion criteria included spinal suggenalignancy, stenosis, scoliosis, radiculopathic
symptoms, contraindications of bleeding (e.qg. tigttlisorder), infection, fear of needles, and peawy.
Informed consent as approved by the Institutiorali®v Board for Biomedical Research at XXX

University was obtained from each participant.

2.2 Procedures
Participants were asked to attend 3 separate asssicesting scheduled 5-10 days apart to allow

full recovery.[18] They were instructed to refrdiom exercise on the day of testing, and also tacav
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strenuous exercise/activity 2 days before a testirsgion.[19] At the beginning of each session, the
participants went through a standardized 10 minaten-up that included walking, back rotations,
extensions, and flexion callisthenic exercisessiBesl involved surface EMG and muscle performance
tests without intramuscular EMG (WOQO). Sessions @ &imvolved the same procedures as WO with one
of the two intramuscular EMG conditions: with fimgre electrodes present in the multifidus muscle
during muscle performance tests (wire-in, WI) ometiate removal of the electrodes following ingerti
(insertion only, 10). The 10 condition was achieu®dremoving the intramuscular electrodes with the
guide needle. The order of these 2 conditions wardomized and the participants were blinded to the

condition received.

EMG Preparation

Participants were asked to lay prone on a treattable with their lower back exposed. In all
conditions, the skin over the lumbar spine andaajamusculature was cleansed and lightly abraded
with alcohol pads before a wireless surface EMG@tadele (Trignd“, Delsys Inc., Natick, Massachusetts,
USA) was placed over the lumbar paraspinal mustlése L4 spinal level. L4 spinal level was
determined by palpating the iliac crests and eisfaibg the intercristal line.[20] Then the bony
prominence of the L4 spinous process was locateddriyer palpation and the aid of real-time
sonography (General Electric NextGen LOGIQe, GEltdeare Co., Milwaukee, Wisconsin, USA). In
WI and IO conditions where intramuscular electrogese applied, the same investigator used the
sonographic unit and a guide needle (27 gaugeB0n length, Natus Medical Inc., Pleasanton,
California, USA) to insert the wire electrodes (pdihook, insulated alloy wires, Natus Medical Jnc.
into the left lumbar multifidus muscle at the L4reg level (Figure 1). After implanting the intrasaular
electrodes, the guide needle was removed, leakimglectrodes in place. Participants were toldttiey

may or may not sense the presence of the fineelé@rodes. Participants were then asked to peréorm



139  submaximal lumbar extensor contraction to set tine alectrodes in the muscle and to confirm EMG
140  signal connection. In the 1O condition, the wireatodes were removed after this procedure. The
141  participants were instructed to limit the amountushbar flexion after electrode placement in orider

142  prevent dislodging the EMG electrodes in all cands.

143

144 Spinal Extension Muscle Performance Tests

145 Spinal extension strength was measured in torqu®) (¢ing a dynamometer (Humac Notn
146  Computer Sports Medicine, Inc., Stoughton, Masssetts, USA, Figure 2). Participants laid prone on
147  the testing table of dynamometer with legs secwidid straps. Axis of the dynamometer motor was
148  aligned with the L4 spinal level.[21] During thestgparticipants contracted isometrically in a nalut
149  spinal position against resistance applied toipfstior to the spine of scapula. The strengthitigst

150 consisted of a submaximal practice trial followgathree, 5-second trials of maximum voluntary

151  contraction (MVC). Each trial was separated byraititite rest period. After this test, participantrev

152  provided a rest period of 5 minutes before the 1Sme test.

153 The Sorensen test for spinal extension endurarganbeith the participant lying prone on a table
154  with anterior superior iliac spines (ASIS) aligneith the edge of the table (Figure 3).[22,23,243rAall

155  bench was positioned so participants could use #neis for support and positioning until the tesgdn.
156  The participants’ legs were supported by strapsaamnitivestigator. The same investigator provided

157  stabilization for all participants during all semss of testing. During the test, the participamée@d their
158 arms across the chest and held the body paralieétground, and were instructed to maintain this

159  position for as long as possible. Termination ef tibst was determined by the participants’ inghbitt

160  maintain trunk position or when the participanttuntarily terminated the test. Pain data was ctédléc

161  from each participant using an 11-point visual agalcale (VAS)[25] prior to electrode placement,



162  immediately after fine-wire EMG insertion, and prto and immediate after the strength and endurance

163  tests.

164

165 2.3 DataAnalysis

166 Spinal extension strength was assessed as theshighgue recorded during the 3 MVC trials.
167  Endurance performance was measured as the Softesséime in seconds. EMG data were analyzed to
168  determine the activation and fatigue patterns efgéraspinal muscles.[26] Data were filtered (10-4%
169 band-pass) and full-wave rectified. Reference atitim level (100%) was determined as the highest 1-
170  second EMG amplitude during the MVC trials. The olesctivation levels during the beginning (first
171 30 sec) and end (last 30 sec) of the Sorensewggstcompared against the reference level. Forlausc
172  fatigue, power spectral analyses were performenyusifast Fourier transformation to determine the
173  median frequency for each second of the Sorenseénlige median frequency values obtained were
174  plotted over time and fitted with a regression lia@etermine the slope between these points. iiiee t
175  periods analyzed were the beginning and end dfiilg30 sec each), as well as the overall sI@g.[
176  All EMG data analysis was conducted using a custechcomputer program (MATLAB® version

177 R2013a, The MathWorks, Inc., Natick, Massachuset8).

178

179 2.4 Statistical Analysis

180 Statistical analyses were conducted using a sadtwackage (SPSS version 22.0, IBM Co.,

181  Armonk, New York, USA). One-way repeated measur©XAs were used to compare muscle torque,
182  Sorensen test time, muscle activation levels, aadiam frequency slopes among the 3 conditions.

183  Homogeneity of variance was tested with Mauchlg&t.tWhere this was significant, Greenhouse-Geisser
184  adjusted statistics were used. Post-hoc tests eez@ucted with Bonferroni correction to examine

185  significant main effects. Significance level wasae 05 for all analyses.
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3. Results

Pain was rarely reported during any of the 3 comit The mean pain levels were <1/10 in all
conditions. The highest report of pain was a 4fl6rily one participant during the Sorensen te®Vin
condition. There was no significant difference instle torque between the 3 conditions (p=.20). When
comparing Sorensen test performance, there wamdisant difference between the 3 conditions (8.0
Greenhouse-Geisser adjusted F=5.103; Table 1):hHeestomparison showed that the Sorensen test time
in the 10 condition was significantly longer thdretWO condition (161.3£58.5 vs. 142.1+48.2 sec,

p=.04).

There were no significant differences in musclévatibn levels during the start and end of
Sorensen test among the 3 conditions (p=.68 andae&pectively. Our results also showed no significant
difference in overall median frequency slope (p¥dd slopes during the beginning and end of the

Sorensen test (p=.98 and .58, respectively; Tgble 1

4, Discussion

Results of this study showed that the insertion@edence of intramuscular EMG fine-wire
electrodes did not induce significant pain or affeascle performance during high-exertion spinal
extension tasks in individuals with no recent andent low back pain. Intramuscular EMG is widely
used in studying activation of muscles that aredeasible from the body surface such as the nuusfi
however, until now there has been no conclusivdende as to whether the invasive nature of
intramuscular EMG procedure alters paraspinal neysetformance. Many of the previous studies
investigating the relation between pain and paredpnuscle function were conducted using
experimentally-induced pain from hypertonic salimection or electrical stimulation. Zedka et al.

examined the paraspinal muscle function during kited back pain induced by injections to the erecto
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spinae muscles. They found that the painful stidetireased the velocity and range of trunk motoq,
paraspinal muscle activation.[2Mpwever, these findings may not translate to tleeaisntramuscular
EMG because the pain ratings reported in theirystugte much higher (5-6/10). In fact, participaints
our study reported low pain levels despite thertime and presence of intramuscular electrodesduri
muscle performance tests. Our results agrees hatfindings by Smith et al. who also reported malim
pain perception during walking (<1/10) after intiasoular EMG electrode insertion.[16] The low pain
levels experienced by our participants likely citmtred to the similar muscle performance obtained

during all 3 conditions of our experiment.

Even when the intensity of perceived pain is lomtjapation of pain still has the potential to
alter movement performance.[28] Previous reseaastf¢éund that anticipated pain, more than actual pa
correlated with altered movement.[29] Related todhrrent study, Smith et al. assessed the artiécipa
and actual pain levels associated with fine-wire@EMsertion during walking tasks.[30] They found no
significant difference in trunk mechanics duringkirzg, and that low pain levels were reported
throughout for both anticipated and actual pairley30] Smith et al. hypothesized that because all
participants were made aware of the testing praesdiucluding the intramuscular EMG procedures,
those who were fearful and would have likely haghler anticipated pain opted to not participate.[30]
Though we did not ask our participants to repagtrthnticipated pain level, we did inform all patieh
participants about the invasive procedures necgfsiaplacement of the intramuscular EMG devices.
Therefore the individuals that did participate likkad low levels of anticipated pain which is esflive

of the pain reports they provided during muscldgrerance testing.

One of the more interesting findings from this studhs the significantly longer Sorensen test
time in the 10 condition when compared to WO. Weilaited the consistent and slight increase in
performance to a learning effect since we testiegkalicipants in the WO condition first to avoluet
possibility of persistent micro trauma from repéatgramuscular insertions. During the initial

experience of the very strenuous Sorensen teehsoemotor memory may have developed that allowed



11

235  the participants to achieve consistent levels diopmance despite experiencing low levels of pairird)
236  the subsequent conditions (WI and 10).[31] Everugiowe did not inform the participants about their
237  Sorensen test performance, this sensorimotor memayyhave provided a reference level of exertion
238  and motivated to participants to achieve greatefiopmance and contributing to the learning eff&&][
239  Furthermore, a previous study by Brotons-Gil ehak shown that simple tasks performed using the
240  trunk muscles are susceptible to learning effeg}.[3 their study, participants performance during
241  flexion-rotation trunk test improved during repehtests despite long intervals of time (7 daysivieen
242 tests. While the Sorensen test has been demorkstoabe reliable,[24] learning effects and other

243  psychological factors affecting this test shouldcbesidered in future studies.[34]

244

245 Limitations

246 While our data indicated that intramuscular fingenglectrodes do not significantly impact

247  muscle performance during high-exertion spinal esiten activities, we would like to caution the rees
248  when extrapolating our results. First, both mupedormance tasks (extension strength and endurance
249  tests) are isometric in nature; pain level and rieuserformance might change during tasks that irevol
250 dynamic excursion of the spine and muscles ovargef range. Second, our study was limited to glesin
251  unilateral intramuscular EMG electrode insertidns lpossible that multiple insertions may induce

252  substantially higher levels of discomfort and atter results. Finally, participants in the currstutdy

253  were free of recent activity-limiting LBP. Perceptiand sensitivity to pain in the lower back regima

254  likely to be different in individuals with chronjmain.[35,36]

255

256 Conclusion
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Our findings suggested the sonographically-guidséition and presence of fine-wire intramuscular

EMG electrodes in the lumbar multifidus muscles hadignificant impact on spinal extension muscle
strength and endurance. This study provides impbtéghnical evidence to support that implementing
intramuscular EMG does not affect muscle perforraataring high-exertion contractions (50-100% of

MVIC) in individuals without a recent history ofder back pain.
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Wire Out (WO | Wire In (WI) | Insertion Only (IO | p value

Peak Extension Torque (N 116.2 + 37.% 120.7 +38. | 118.4 + 34. 0.19¢
Sorensen Test Performance ( 142.1 £ 48. 156.0 £58. | 161.3 £58. 0.02¢
Median Frequency Slog -0.40 £ 0.1 -0.44 £0.21 |-0.42+0.1i 0.12(
(overall; Hz/s)

Median Frequency Slof -0.26 £ 0.6 -0.66 £ 0.41 | -0.47 £0.5¢ 0.98:
(first 30 sec; Hz/sec)

Median Frequency Slof -0.51+04 -0.38+0.5. |-0.55+0.4! 0.57¢
(last 30 sec; Hz/sec)

Percent of Activation during Sorens | 50.3 + 13. 53.2+17. 495 +13. 0.67¢
Test (first 30 sec; %)

Percent of Activation during Sorens | 60.3 + 13.! 57.0+16.! 55.6 £ 19.. 0.15¢

Test (last 30 sec; %)

Table 1: Comparison of Muscle Performance in THrest Conditions (WO: without insertion and

presence of wire electrodes; WI. with insertion anesence of wire electrodes; 10: insertion of wire

electrodes followed by removal, electrodes notgmem the muscle during performance testing)
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Figure 1. Axia Sonographic Image Demonstrating the Guided Insertion of the Wire EMG Electrodes



Figure 2: Maxima Voluntary Isometric Contraction Test for Spina Extension Strength



Figure 3: The Sorensen Test for Paraspina Muscle Endurance
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