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ABSTRACT 27 

Background: Abdominal draw-in maneuver (ADIM) has been recommended to achieve 28 

appropriate trunk muscle response for patients with non-specific chronic low back pain 29 

(CLBP). However, it has remained unclear whether the intervention with ADIM could change 30 

the trunk muscle response to sudden release from loading, which is considered to contribute 31 

mechanical circumstances to low back pain. The purpose of the present study was to 32 

investigate the effects of the intervention with ADIM on electromyography (EMG) activities 33 

of trunk muscles following sudden release from loading. 34 

Methods: Seventeen subjects with non-specific CLBP participated. Subjects resisted trunk 35 

flexion or extension loading in semi-seated position, and then the loading was suddenly 36 

released. EMG recordings of 6 trunk muscles were acquired using a wireless surface EMG 37 

system. Onset and offset times were calculated from the EMG data. The intervention with 38 

ADIM was provided for 4 weeks in the subjects with non-specific CLBP. 39 

Results: At the post-intervention, the onset of trunk flexors following release from trunk 40 

flexion loading became significantly earlier than pre-intervention (P = 0.028). The offset of 41 

flexors following release from trunk extension loading of post-intervention was significantly 42 

earlier than that of pre-intervention (P = 0.001).  43 

Conclusions: We showed that the intervention with ADIM changed the EMG activity of trunk 44 

muscles in response to sudden release from loading. These results suggest a possibility that 45 
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ADIM might be effective to improve the neuromuscular control of trunk flexors for the 46 

treatment of young patients with non-specific CLBP.  47 
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1. Introduction 48 

Low back pain is typically classified as being ‘non-specific’ or ‘specific’. The 49 

majority of patients (up to 90%) were labelled as having non-specific low back pain, which 50 

was defined as back pain without known underlying pathology [1]. Chronic low back pain 51 

(CLBP) is defined as low back pain persisting for at least 3 months [2] and approximately 52 

40 % of patients with non-specific low back pain will develop non-specific CLBP [3].  53 

Lack of spinal stability in trunk muscle response by neuromuscular control is one of 54 

the possible causes of developing non-specific CLBP [4]. Previous studies reported that 55 

patients with non-specific CLBP had significantly longer latencies in the offset of agonistic as 56 

well as in the onset of antagonistic trunk muscles in response to sudden release from trunk 57 

loading [5, 6]. Radebold et al. [5] reported that patients with non-specific CLBP seemed to 58 

maintain agonistic muscle contraction while their antagonistic muscles became concurrently 59 

activated. In the long term, the altered trunk muscle response may have negative 60 

consequences. Patients with low back pain have been shown to expose their spine to higher 61 

compression and share forces due to co-contraction of trunk muscles than healthy subjects [7]. 62 

In addition, Cholewicki et al. [8] found that delayed offset of abdominal muscle activity 63 

following sudden release from trunk extension loading was associated with a risk for 64 

development or recurrence of low back pain. This highlights the important role of trunk 65 

muscle response for sudden release from trunk loading in the chronicity of low back pain. 66 
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Abdominal draw-in maneuver (ADIM) was one method to develop to restore co-67 

ordination and control of trunk muscles [9, 10]. The aim of ADIM was to acquire appropriate 68 

trunk muscle response through the isolated contraction of transversus abdominis [9]. After the 69 

ADIM, the onset times of transversus abdominis in patients with non-specific CLBP during 70 

rapid upper limb movement were significantly earlier than that of pre-intervention [11, 12]. 71 

Additionally, a previous study reported electromyography (EMG) activity of lumbar erector 72 

spinae after the ADIM was decreased compared to that of pre-intervention [13]. ADIM 73 

changed EMG activity of both abdominal and back muscles during active-motion in patients 74 

with non-specific CLBP [11, 12, 13]. However, it remains unclear whether the ADIM can 75 

change trunk muscle response to external loading such as release from trunk loading. In 76 

addition, a previous study has reported a significant association between perceptions of pain 77 

and response time of deep trunk muscle [14]. ADIM may improve intensity of low back pain 78 

through change of trunk muscle response for sudden release from trunk loading. The purpose 79 

of the present study was to investigate the effects of the intervention with ADIM on trunk 80 

muscle response to sudden release from trunk loading in patients with non-specific CLBP.  81 

 82 

2. Methods 83 

2.1 Participants 84 

Seventeen subjects with non-specific CLBP including 5 females participated in the 85 
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present study. All subjects were recruited from our University thorough advertisement. The 86 

subjects had age of 21.8 ± 1.1 years (mean ± SD), height of 172.0 ± 8.1 cm and body weight 87 

of 66.9 ± 10.5 kg. CLBP is defined as pain and discomfort, localized from the lower margin of 88 

the twelfth ribs to the lower gluteal folds at least 3 months [15, 16]. In addition, subjects with 89 

non-specific CLBP were excluded if they had been suspected or confirmed a serious 90 

underlying condition (such as cancer, infection, or cauda equina syndrome), spinal stenosis or 91 

radiculopathy, or another specific spinal case (such as vertebral compression fracture or 92 

ankylosing spondylitis) [17]. The duration of symptom was 27 ± 23 months (median ± quartile 93 

deviation). All subjects completed the Oswestry disability index (ODI) and visual analogue 94 

scale (VAS) to characterize their low back pain. This research has been approved by the 95 

Institutional Review Board of the authors’ affiliated institutions and all subjects provided 96 

written informed consent before participation. 97 

 98 

2.2 Exercise intervention for CLBP group 99 

The aim of ADIM involved achieving isolated voluntary contraction of deep trunk 100 

muscles. The principle underlying the teaching of the contraction was to instruct the subjects 101 

to draw in the abdominal wall in the way which produced the contraction of transversus 102 

abdominis in isolation from other abdominal muscles [9]. Subjects with non-specific CLBP 103 

were instructed as ‘draw in your abdominal wall without moving your spine or pelvis and hold 104 
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for 10 seconds while breathing normally’ [9]. We set 4 weeks of the intervention because a 105 

previous study reported that the onset of transversus abdominis activity during upper limb 106 

elevation were significantly earlier after 4 weeks of ADIM [11]. The exercise was supervised 107 

by a physical therapist in the initial session and the 2 weeks later from the initial session. In 108 

these sessions, a physical therapist provided a real-time feedback with ultrasound imaging to 109 

observe thickening and shortening of transversus abdominis [9, 18, 19]. Ultrasound imaging is 110 

noninvasive and can represent a change in the shape of even deep trunk muscles [18]. Subjects 111 

were instructed to train 3 sets of ten repetitions, twice a day [11]. Exercise compliance was 112 

evaluated with an exercise diary.  113 

 114 

2.3 Experimental procedure 115 

Subjects sat upright in a semi-seated position with restrained hip and pelvic motions 116 

(Fig. 1). The semi-seated position allowed the subjects to assume their most comfortable 117 

lumbar spine geometry before their pelvis was secured [8]. It also excluded any postural 118 

adjustments through other joints than the spine. A cable held with an electromagnet and a 119 

force sensor was attached to their chest at approximately T9. Trunk loading was applied via 120 

the cable by 2 directions: trunk extension or flexion (Fig. 1) [5]. The applied force as a trunk 121 

loading was adjusted to approximately 20% of body weight for each subject [20]. The applied 122 

force as a trunk loading was suddenly released using an electromagnet at random time 123 
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intervals. This sudden release test was carried out before and after 4 weeks intervention in 124 

non-specific CLBP group. Each participant performed 5 trials after 8 practice trials [21].  125 

  126 

2.4 Data collection 127 

EMG recordings of 6 trunk muscles of right side were acquired using a wireless 128 

surface EMG system (WEB-1000; NIHON KOHDEN Corporation, Tokyo, Japan) with 129 

surface-type electrode telemeters that were sampled at 1000 Hz. We recorded EMG activity of 130 

trunk flexors including internal oblique/transversus abdominis, external oblique and rectus 131 

abdominis. Also, we recoded EMG activity of trunk extensors including latissimus dorsi, 132 

thoracic erector spinae and lumbar erector spinae. Surface electrodes were placed in parallel 133 

with muscle fibers: internal oblique/transversus abdominis (20 mm medial and inferior to the 134 

anterior superior iliac spine), external oblique (approximately 15 cm lateral to the umbilicus), 135 

rectus abdominis (3 cm lateral to the umbilicus), latissimus dorsi (lateral to T9 over the 136 

muscle belly), thoracic erector spinae (5 cm lateral to T9 spinous process), and lumbar erector 137 

spinae (3 cm lateral to L3 spinous process) [5, 22]. 138 

 139 

2.5 Data analysis 140 

The raw EMG signals were band-pass filtered at 20-500 Hz, full-wave rectified, and 141 

filtered using a fourth-order Butterworth low-pass filter with a cut off of 10 Hz. To identify 142 
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the onset and the offset of muscle activity from EMG signals, MATLAB software (The 143 

MathWorks, Natick, MA, USA) was used. When the amplitudes increased by 2 SD from the 144 

baseline activity and lasted for at least 25 msec, the muscle onsets were detected. Muscle 145 

offsets were defined as EMG amplitudes decreased 2 SD from the baseline activity and lasted 146 

for at least 25 msec. The baseline activity was defined as the average of the 80 msec period 147 

preceding the release from the loading. In addition, each onset of EMG signal was confirmed 148 

visually [23]. The onset and offset times of muscle activity were expressed relative to the 149 

release from loading (Fig. 2). Following the release from the loading of trunk flexion, 150 

extensors acted as the agonists group and flexors acted as the antagonists. In release from 151 

trunk extension loading, flexors acted as agonists and extensors as antagonists. The onset and 152 

offset time were averaged for each muscle group (flexor and extensor) and for each load 153 

direction (flexion and extension). 154 

 155 

2.6 Statistical analysis 156 

A priori power analysis was performed in G*power 3.1 (University of Dusseldorf, 157 

Dusseldorf, Germany) [24]. The sample size was estimated from the pilot study that we 158 

carried out with 4 subjects with non-specific CLBP, for a calculated effect size of Cohen’s d 159 

= 0.798. We performed the power analysis using paired t-test model of G*Power 3.1. 160 

Fifteen subjects with non-specific CLBP were deemed to be sufficient to detect significant 161 
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differences in the offset of trunk flexors following release from trunk extension loading 162 

between pre- and post-intervention with a power (1-β) of 0.8. If the exercise compliance of 163 

a subject was lower 30 %, the subject was excluded in this study. 164 

Statistical analyses were performed using IBM SPSS Statistics 22 software (IBM, 165 

Chicago, IL, USA). Paired t-tests or Wilcoxon signed rank test were used to examine 166 

differences in onset and offset times, ODI score and VAS score between pre- and post-167 

intervention in non-specific CLBP group. A statistical significance level was set at α = 0.05. 168 

In addition, the value of Cohen’s d was calculated as effect size. 169 

 170 

3. Results 171 

None of the subjects dropped out of the intervention. Exercise compliance was 75.9 ± 172 

13.5 % (mean ± SD) from exercise diary of each subject. 173 

All subjects reported minimal or no pain throughout testing. Figure 3 and 4 show EMG 174 

onset and offset times of trunk muscles relative to release from trunk flexion and extension 175 

loading. The onset of trunk flexors following release from trunk flexion loading in non-176 

specific CLBP group became significantly earlier at the post-intervention (P = 0.028, [d = 177 

0.620]) (Fig. 3a, Table 1). Additionally, the offset of trunk flexors following release from 178 

trunk extension loading became significantly earlier at the post-intervention (P = 0.001, [d = 179 

1.062]) (Fig. 4a, Table 1). On the other hand, there were no significant differences of the 180 



14 
 

offset and onset times of trunk extensors between pre- and post-intervention. (P = 0.063, 181 

0.163, [d = 0.527, 0.328], respectively) (Fig. 3b, 4b, Table 1). 182 

At the post-intervention, ODI score was significantly lower than that of pre-intervention 183 

(P = 0.034, [d = 0.515]). For subscale analysis, the score of section 9 of ODI at post-184 

intervention was significantly lower compared to that of pre-intervention (P = 0.009, [d = 185 

0.846]) (Table 2). However, there was no significant difference in VAS score at the post-186 

intervention compared to the pre-intervention (P = 0.209, [d = 0.378]). The VAS score of pre- 187 

and post-intervention were 25.9 ± 16.2 (min: 4, max: 58) and 20.7 ± 8.8 (min: 8, max: 37), 188 

respectively. 189 

 190 

4. Discussion 191 

This study demonstrated for the first time that the responses of abdominal muscle 192 

activity to sudden release from trunk loading could be changed with ADIM. In addition, the 193 

results showed that ODI score of post-intervention was decreased but the pain intensity 194 

evaluated by VAS was not changed. These findings suggest that the disability due to non-195 

specific CLBP could be improved with ADIM. 196 

In the present study, we showed that the responses of abdominal muscles to sudden 197 

release from loading at the post-intervention with ADIM were induced earlier than that of pre-198 

intervention. The findings suggest that ADIM can induce the changes in abdominal muscle 199 
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responses to unexpected external loading. The aim of ADIM is an independent contraction of 200 

transversus abdominis as a deep abdominal muscle [9]. Therefore, the effect of ADIM would 201 

be specific in the response of abdominal muscles. Lee et al. [13] reported the EMG activity of 202 

lumbar erector spinae after the ADIM was decreased compared to that of pre-intervention. 203 

However, we could not detect significant differences in the onset or the offset of back muscles 204 

between pre- and post-intervention. Richardson et al. [9] suggested a training focused on 205 

multifidus as training of a deep back muscle. Therefore, the intervention adding other training 206 

focused on back muscle has been needed to detect significant differences of back muscle 207 

responses. These findings are consistent with the existing literatures that reported 208 

improvements in the dysfunction of the trunk muscle activities during active-motion through 209 

the intervention including ADIM [11, 12]. Tsao et al. [25] reported adaptive changes in motor 210 

cortical organization of patients with non-specific recurrent low back pain, which were linked 211 

to altered motor coordination. Tsao et al. [12] also observed that the intervention with ADIM 212 

induced both its motor cortical reorganization and improvement in deep abdominal muscle 213 

activities but walking exercise for non-specific CLBP did not induce these changes. Previous 214 

reports found that cortical plasticity was induced from training intervention with conscious 215 

attention and skill [26, 27], but repetitive movement without precision or skill does not cause 216 

motor cortical reorganization [27]. The ADIM is a skilled maneuver and needs an attention to 217 

perform appropriately. Therefore, in this study, there was a possibility that the improvements 218 
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in trunk flexor activities were related to changes in motor coordination. However, the 219 

mechanisms underlying this relationship between ADIM intervention and changes in motor 220 

coordination remain unclear and this requires further investigations. On the other hand, 221 

Boucher et al. [28] found improvements in proprioception through exercises focused on 222 

ADIM. Furthermore, Radebold et al. [6] also reported poor balance performance related to 223 

proprioception deficits in subjects with non-specific CLBP and balance performance 224 

correlated with onset of trunk muscles activity during a sudden release test. Therefore, it is 225 

expected that the changes in the flexor muscle response was due to the improvement in 226 

proprioception and balance performance through the intervention with ADIM. It may be more 227 

effective to put sensory training together for ADIM, and future study is needed to investigate 228 

the effects of combined these trainings. 229 

We found an improvement in ODI score at the post-intervention with ADIM. For 230 

subscale analysis, the scores of section 9 in ODI was significantly improved after ADIM. The 231 

score of section 9 in ODI evaluate the effects of low back pain on social life. In this study, the 232 

disability of daily living would be mainly improved in social life. These findings are partially 233 

consistent with the existing literatures. Previous studies reported scores of ODI were 234 

significantly decreased after the intervention including ADIM in patients with non-specific 235 

CLBP [11, 12, 22, 29]. There is a possibility that the effect of low back pain on subjects’ daily 236 

living was decreased through ADIM. 237 
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This study has four limitations. First, we did not include non-specific CLBP group 238 

without exercise or with other exercises. Future studies are needed to investigate the effects of 239 

ADIM compared to non-specific CLBP group without exercise or with other exercises. 240 

Second, we have to take attention that the subjects in this study were only 20s. Therefore, the 241 

present findings may be a character of young patients with non-specific CLBP. Third, 242 

although the aim of ADIM is prevention of chronicity of non-specific low back pain, we 243 

didn’t observe long-term effects of ADIM for pain. Future research should investigate whether 244 

improvements in trunk muscle response by ADIM result in a decreased risk of chronicity of 245 

non-specific low back pain. Fourth, a duration of intervention in this study may be relatively 246 

short. Tsao et al. [11] reported the onset of transversus abdominis activity during upper limb 247 

elevation was changed after 4 weeks of ADIM, while the VAS pain was not changed. On the 248 

other hand, Brooks et al. [29] reported significant improvements in self-rated pain scores of 249 

non-specific CLBP subjects after the interventions with specific trunk exercises including 250 

ADIM for 8 weeks. Therefore, more improvements in self-rated pain might be provided by 251 

longer intervention period. 252 

 253 

5. Conclusion 254 

ADIM changed earlier the trunk flexor responses at the sudden release from trunk 255 

loading in patients with non-specific CLBP. These results suggest a possibility that ADIM 256 
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might be effective to improve the neuromuscular control of trunk flexors for the treatment of 257 

young patients with non-specific CLBP. 258 

 259 

REFERENCES 260 

[1] Krismer M, van Tulder M, Low Back Pain Group of the Bone and Joint Health Strategies 261 

for Europe Project. Strategies for prevention and management of musculoskeletal conditions. 262 

low back pain (non-specific). Best Pract Res Clin Rheumatol. 2007 Feb; 21(1):77–91 263 

[2] Airaksinen O, Brox JI, Cedraschi C, Hildebrandt J, Klaber-Moffett J, Kovacs F, Mannion 264 

AF, Reis S, Staal JB, Ursin H, Zanoli G; COST B13 Working Group on Guidelines for 265 

Chronic Low Back Pain. Chapter 4. European guidelines for the management of chronic 266 

nonspecific low back pain. Eur Spine J. 2006 Mar;15 Suppl 2:S192-300. 267 

[3] Costa Lda C, Maher CG, McAuley JH, Hancock MJ, Herbert RD, Refshauge KM, 268 

Henschke N. Prognosis for patients with chronic low back pain: inception cohort study. BMJ. 269 

2009 Oct 6;339:b3829. 270 

[4] Panjabi MM. The stabilizing system of the spine. Part II. Neutral zone and instability 271 

hypothesis. J Spinal Disord. 1992 Dec;5(4):390-6. 272 

[5] Radebold A, Cholewicki J, Panjabi MM, Patel TC. Muscle Response Pattern to Sudden 273 

Trunk Loading in Healthy Individuals and in Patients with Chronic Low Back Pain. Spine. 274 

2000 Apr 15;25(8):947-54. 275 



19 
 

[6] Radebold A, Cholewicki J, Polzhofer GK, Greene HS. Impaired postural control of the 276 

lumbar spine is associated with delayed muscle response times in patients with chronic 277 

idiopathic low back pain. Spine. 2001 Apr 1;26(7):724-30. 278 

[7] Marras WS, Ferguson SA, Burr D, Davis KG, Gupta P. Spine loading in patients with low 279 

back pain during asymmetric lifting exertions. Spine J. 2004 Jan-Feb;4(1):64-75.  280 

[8] Cholewicki J, Silfies SP, Shah RA, Greene HS, Reeves NP, Alvi K, Goldberg B. Delayed 281 

trunk muscle reflex responses increase the risk of low back injuries. Spine. 2005 Dec 282 

1;30(23):2614-20. 283 

[9] Richardson CA, Jull G, Hodges PW, Hides JA. Therapeutic exercise for spinal segmental 284 

stabilization in low back pain. London: Churchill Livingstone; 1998. 285 

[10] Ferreira PH, Ferreira ML, Maher CG, Herbert RD, Refshauge K. Specific stabilisation 286 

exercise for spinal and pelvic pain: a systematic review. Aust J Physiother. 2006;52(2):79-88. 287 

[11] Tsao H, Hodges PW. Persistence of improvements in postural strategies following motor 288 

control training in people with recurrent low back pain. J Electromyogr Kinesiol. 2008 289 

Aug;18(4):559-67. 290 

[12] Tsao H, Galea MP, Hodges PW. Driving plasticity in the motor cortex in recurrent low 291 

back pain. Eur J Pain. 2010 Sep;14(8):832-9. 292 

[13] Lee NG, Jung JH, You JS, Kang SK, Lee DR, Kwon OY, Jeon HS. Novel augmented 293 

ADIM training using ultrasound imaging and electromyography in adults with core instability. 294 



20 
 

J Back Musculoskelet Rehabil. 2011;24(4):233-40. 295 

[14] Marshall P, Murphy B. Delayed abdominal muscle onsets and self-report measures of 296 

pain and disability in chronic low back pain. J Electromyogr Kinesiol. 2010 Oct;20(5):833-9. 297 

[15] Hoy D, March L, Brooks P, Blyth F, Woolf A, Bain C, Williams G, Smith E, Vos T, 298 

Barendregt J, Murray C, Burstein R, Buchbinder R. The global burden of low back pain: 299 

estimates from the Global Burden of Disease 2010 study. Ann Rheum Dis. 2014 300 

Jun;73(6):968-74. 301 

[16] Hoy D, March L, Brooks P, Woolf A, Blyth F, Vos T, Buchbinder R. Measuring the global 302 

burden of low back pain. Best Pract Res Clin Rheumatol. 2010 Apr;24(2):155-65. 303 

[17] Chou R1, Qaseem A, Snow V, Casey D, Cross JT Jr, Shekelle P, Owens DK; Clinical 304 

Efficacy Assessment Subcommittee of the American College of Physicians; American College 305 

of Physicians; American Pain Society Low Back Pain Guidelines Panel. Diagnosis and 306 

treatment of low back pain: a joint clinical practice guideline from the American College of 307 

Physicians and the American Pain Society. Ann Intern Med. 2007 Oct 2;147(7):478-91. 308 

[18] Miura T, Yamanaka M, Ukishiro K, Tohyama H, Saito H, Samukawa M, Kobayashi T, 309 

Ino T, Takeda N. Individuals with chronic low back pain do not modulate the level of 310 

transversus abdominis muscle contraction across different postures. Man Ther. 2014 311 

Dec;19(6):534-40. 312 

[19] Hodges PW, Pengel LH, Herbert RD, Gandevia SC. Measurement of muscle contraction 313 



21 
 

with ultrasound imaging. Muscle Nerve. 2003 Jun;27(6):682-92. 314 

[20] Claus AP, Verrel J, Pounds PEI, Shaw RC, Brady N, Chew MT, Dekkers TA, Hodges PW. 315 

A new method for sudden mechanical perturbation with axial load, to assess postural control 316 

in sitting and standing. J Biomech. 2016 May 3;49(7):1141-1148. 317 

[21] Santos BR, Larivière C, Delisle A, McFadden D, Plamondon A, Imbeau D. Sudden 318 

loading perturbation to determine the reflex response of different back muscles: a reliability 319 

study. Muscle Nerve. 2011 Mar;43(3):349-59. 320 

[22] Knox MF, Chipchase LS, Schabrun SM, Marshall PWM. Improved compensatory 321 

postural adjustments of the deep abdominals following exercise in people with chronic low 322 

back pain. J Electromyogr Kinesiol. 2017 Dec;37:117-124. 323 

[23] Hodges PW, Bui BH. A comparison of computer-based methods for the determination of 324 

onset of muscle contraction using electromyography. Electroencephalogr Clin Neurophysiol. 325 

1996 Dec;101(6):511-9. 326 

[24] Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power 327 

analysis program for the social, behavioral, and biomedical sciences. Behav Res Methods. 328 

2007 May;39(2):175-91. 329 

[25] Tsao H, Galea MP, Hodges PW. Reorganization of the motor cortex is associated with 330 

postural control deficits in recurrent low back pain. Brain. 2008 Aug;131(Pt 8):2161-71. 331 

[26] Karni A, Meyer G, Jezzard P, Adams MM, Turner R, Ungerleider LG. Functional MRI 332 



22 
 

evidence for adult motor cortex plasticity during motor skill learning. Nature. 1995 Sep 333 

14;377(6545):155-8. 334 

[27] Plautz EJ, Milliken GW, Nudo RJ. Effects of repetitive motor training on movement 335 

representations in adult squirrel monkeys: role of use versus learning. Neurobiol Learn Mem. 336 

2000 Jul;74(1):27-55. 337 

[28] Boucher JA, Preuss R, Henry SM, Dumas JP, Larivière. The effects of an 8-week 338 

stabilization exercise program on lumbar movement sense in patients with low back pain. 339 

BMC Musculoskelet Disord. 2016 Jan 14;17:23. 340 

[29] Brooks C, Kennedy S, Marshall PW. Specific trunk and general exercise elicit similar 341 

changes in anticipatory postural adjustments in patients with chronic low back pain: a 342 

randomized controlled trial. Spine. 2012 Dec 1;37(25):E1543-50. 343 

344 



23 
 

Figure captions 345 

Fig.1 Experimental set-up for sudden release from (a) trunk flexion loading and (b) trunk 346 

extension loading. All subjects were placed in a semi-seated position with pelvis restrained from 347 

any motion. The weight was adjusted to generate the resisted force for 20 % of body weight.  348 

 349 

Fig.2 An example of (a) force in direction of trunk extension, (b) activity of internal 350 

oblique/transversus abdominis and (c) activity of lumbar erector spinae. The vertical solid line 351 

means the onset of internal oblique/transversus abdominis and the offset of lumbar erector 352 

spinae. 353 

 354 

Fig.3 The mean timings of trunk muscle response to release from trunk flexion loading. Mean 355 

timings of (a) onset from all trunk flexor muscles and (b) offset from all trunk extensor muscles. 356 

 357 

Fig.4 The mean timings of trunk muscle response to release from trunk extension loading. 358 

Mean timings of (a) offset from all trunk flexor muscles and (b) onset from all trunk extensor 359 

muscles.  360 
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Figures 361 

  362 
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Tables 366 

Table 1. Muscle reaction times to sudden loading 367 

Values expressed as mean (standard deviation)  368 

  Pre-intervention Post-intervention P value 

Sudden release from  
trunk flexion loading 

Onset of trunk flexor muscles (msec) 67.1 (19.3) 56.8 (10.2) 0.028 

Offset of trunk extensor muscles (msec) 75.0 (20.4) 61.3 (16.2) 0.063 

Sudden release from  
trunk extension loading 

Offset of trunk flexor muscles (msec) 99.8 (22.1) 72.3 (13.4) 0.001 

Onset of trunk extensor muscles (msec) 66.7 (28.2) 56.8 (10.1) 0.163 
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Table 2. Mean scores (standard deviation) in each section of Oswestry disability index (ODI). 369 

Total score is up to 100 and subscores of each section are up to 10. A higher score indicates 370 

more severe symptoms. 371 

 Pre-intervention Post-intervention P value 
Total score 14.5 (5.81) 11.5 (5.89) 0.034 
Section 1_Pain intensity 2.35 (1.06) 2.00 (1.00) 0.366 
Section 2_Personal care 0.71 (0.98) 0.94 (1.03) 0.317 
Section 3_Lifting 0.71 (0.98) 1.53 (0.87) 1.000 
Section 4_Walking 1.52 (0.87) 0.47 (0.87) 1.000 
Section 5_Sitting 0.47 (0.87) 2.12 (1.11) 0.180 
Section 6_Standing 2.47 (0.87) 1.76 (1.39) 0.739 
Section 7_Sleeping 0.00 (0.00) 0.00 (0.00) 1.000 
Section 8_Sex life 0.24 (0.66) 0.12 (0.49) 0.317 
Section 9_Social life 2.59 (1.70) 1.06 (1.75) 0.009 

Section 10_Traveling 2.24 (1.56) 1.53 (1.81) 0.084 


