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ABSTRACT OF DISSERTATION     

A COMPARISON OF SELECT TRUNK MUSCLE  
THICKNESS CHANGE BETWEEN SUBJECTS WITH LOW BACK PAIN  

CLASSIFIED IN THE TREATMENT-BASED CLASSIFICATION SYSTEM AND 
ASYMPTOMATIC CONTROLS   

The purposes of this dissertation were to determine: 1)  the relationship between 
muscle thickness change (MTC) as measured by rehabilitative ultrasound imaging 
(RUSI) and EMG activity in the lumbar multifidus (LM), 2) if motor control changes 
produced by experimentally induced pain are measurable with RUSI, 3) if a difference 
exists in MTC between subjects with low back pain (LBP) classified in the treatment-
based classification system (TBC) system and controls, 4) if MTC improves following 
intervention.  

Current literature suggests sub-groups of patients with LBP exist and respond 
differently to treatment, challenging whether the majority of LBP is “nonspecific”.  The 
TBC system categorizes subjects into one of four categories (stabilization, mobilization, 
direction specific exercise, or traction).  Currently, only stabilization subjects receive an 
intervention emphasizing stability.  Because recent research has demonstrated that motor 
control impairments of lumbar stabilizing muscles are present in most subjects with LBP, 
it is hypothesized that impairments may be present across the TBC classifications.     

Study 1:  Established the relationship between MTC as measured by RUSI and 
EMG in the LM. Study 2:  Assessed MTC of the LM during control and painful 
conditions to determine if induced pain changes in LM and transverse abdominis (TrA) 
are measurable with RUSI.  Study 3:  Measured MTC of the LM and TrA in subjects with 
LBP classified in the TBC system and 20 controls.  Subjects completed a stabilization 
program and were re-tested.  

The inter-tester reliability of the RUSI measurements was excellent (ICC3,3 =.91, 
SEM=3.2%).  There was a curvilinear relationship (r = .79) between thickness change 
and EMG activity.  There was a significant difference (p < .01) between control and 
painful conditions on 4 of the 5 LM tasks tested and on the TrA task.  There was a 
difference in MTC between subjects and controls on the loaded LM test which varied by 
level and category.  All categories were different from control on the TrA.  Following 



  
intervention the TrA MTC improved (p < .01).  The LM MTC did not (p values from .13-
.86).   

These findings suggest MTC can be clinically measured and that deficits exist 
within TBC system.  Significant disability and pain reduction were measured.      

KEY WORDS:  Lumbar Multifidus, Motor Control, Stabilization Training, Transverse 
Abdominis, Ultrasound Imaging                   
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Chapter I  

Introduction  

The current era of evidence-based practice has made health-care practitioners 

reflect on current practices for management of low back pain (LBP).  The lifetime 

prevalence rate for an adult suffering an acute low back pain episode has been reported to 

be as high as 80% and the one-year prevalence rate approximately 65%.  Point 

prevalence rate estimates range from 12-33%.114  Current practice guidelines, such as 

those published by the Agency for Health Care Policy and Research37 and the American 

Academy of Family Physicians89 for the management of acute low back pain call for 

practitioners to reassure the patient that the episode will take a favorable course and to 

maintain their current level of activity.   

It is a widely held belief that an acute low back pain episode will spontaneously 

resolve within 6 weeks regardless of intervention.  This myth has been perpetuated in the 

literature.  Recent studies describing the true course of a LBP episode suggest the 

majority do not spontaneously resolve.  Pengel et al 90 included 15 relevant studies in a 

systematic review and reported a 58% (pooled mean) reduction in pain and disability 

could be expected over one month, and that pain and disability unresolved at three 

months persists.  Abbott and Mercer1 included 20 studies in their review on acute LBP in 

primary care, and concluded that although the belief that 80-90% of acute LBP will 

resolve in 6 weeks is widely perpetuated, there is considerable evidence that this is not 

the case.  They state that persisting and recurring LBP is often “hidden” as many patients 

do not return to the health care system, and the natural course of acute LBP and 

associated disability is persistent and episodic.  A review by Hestbaek et al 40 also found 

no evidence to support the claim that 80%-90% of patients become pain-free within one 

month.  Instead they found, on average, that 62% of patients still experienced symptoms 

after 12 months and between 44% and 78% of subjects experienced relapses, Pengel90 

reported a 12-month recurrence rate of 73% (pooled mean).   

Retrospective reviews have dispelled the myth of spontaneous recovery and new 

research exists to describe the natural course of LBP.  Mortimer et al79 followed LBP 



 

2 

subjects for a five-year period and found an average pain level of 28.5/100 with only 37% 

of the subjects reporting no disability after 5 years.  Additionally, the researchers 

measured physical exercise levels and determined that the level of nonspecific physical 

exercise did not correlate with recovery.  Dunn et al26 followed LBP patients in primary 

care for one year and identified 4 distinct patterns for patients with LBP including;  

"persistent mild" (36%) patients had stable, low levels of pain, "recovering" (30%) 

started with mild pain, progressing quickly to no pain, "severe chronic" (21%) patients 

had permanently high pain, and "fluctuating" (13%) pain varied between mild and high 

levels. These distinctive patterns were maintained at one year and statistically significant 

differences in disability, psychological status, and work absence between groups were 

reported.   

These findings suggest that the true course of LBP is not one of complete 

recovery and is not related with physical activity levels, but varies between subjects in a 

potentially predictable manner.  Research further suggests that subjects with LBP are, in 

part, a heterogeneous group; highlighting the need for classification and challenging the 

validity of studies grouping subjects by duration of symptoms alone.24   

The importance of identifying sub-groups of patients with LBP to guide clinical 

intervention and research has been highlighted as a research priority since 1996.9, 10  

Because of the difficulty grouping patients with LBP into relevant pathoanatomical 

categories,2 classification schemes derived from clinical examination findings and 

historical factors have evolved.  The Treatment-Based Classification (TBC) system, 

initially proposed by Delitto et al25 in 1995, suggests that identifiable sub-categories of 

LBP patients exist.  Research published since 2002 has validated this premise by 

demonstrating that sub-groups of patients with low back pain exist and respond 

differently to treatment.  These groups include those who respond to manipulation,15, 30 

stabilization training,41 and direction specific exercises.11, 68  This line of inquiry has 

helped challenge the assertions that the majority of low back pain is “nonspecific” and 

that the watchful waiting treatment approach is superior to classification driven 

intervention.   

The TBC system utilizes relevant historic factors, current disability and pain 

levels, and key clinical exam findings to classify patients into one of four categories; 
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direction specific exercise (flexion or extension), mobilization (lumbar or sacroiliac (SI) 

mobilization/manipulation), stabilization (core stabilization program) or traction (Table 

1.1).  The reliability of clinicians classifying subjects into each of the categories of TBC 

system has been established in two studies.  Kappa values ranged from .56-.60 which is 

considered substantial.33, 34  George and Delitto35 identified those factors most powerful 

for discriminating between categories (see Table 1.1).    

 Treatment studies have demonstrated that clinical outcomes are superior when 

subjects receive an intervention matched to their specific classification as compared to 

subjects receiving unmatched intervention.11, 15, 41  Additionally, a randomized trial has 

provided preliminary evidence that interventions based on the TBC produce superior 

outcomes when compared to LBP interventions based on current medical treatment 

guidelines.32   

Motor Control 

 

In addition to the importance of providing proper classification, emerging 

research suggests the need to address commonly identified motor control deficits thought 

to be present in nearly all types of patients with LBP.  A growing body of 

neurophysiologic and clinical evidence suggests that the deep stabilizing muscles of the 

spine are impaired in those with LBP29, 71, 94 which has led to the development of the 

motor control intervention approach for LBP.58  The motor control model of spinal 

stabilization focuses on the function of deep spinal muscles because these structures are 

thought to have the ability to control motion between vertebral segments.  The motor 

control approach emphasizes that subjects learn isolated volitional activation of deep 

trunk muscles,93 primarily the transverse abdominis (TrA) and lumbar multifidus (LM).  

A recently published systematic review summarizes the clinical evidence to date 

supporting the motor control model of intervention.29  It is not known whether motor 

control deficits are present across the different categories of the TBC system.    

The motor control exercise approach is based upon the theory of spinal 

stabilization proposed by Bergmark.7  Bergmark hypothesized the presence of two 

muscle systems responsible to maintain stability of the spine (1) the “global muscle 

system” consisting of large torque producing muscles that act on the spine without 

directly attaching to it.  These muscles provide general trunk stabilization without the 
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capacity to control intersegmental motion, and (2) the “local muscle system” consisting 

of muscles that directly attach to the lumbar vertebra and are responsible for providing 

segmental stability and control such as the TrA and LM.   

Panjabi 86, 87 supports Bergmark’s theory with a more clinically relevant model of 

how spinal instability deficits can become pain producing.  He defines spinal stability as 

a combination of the passive (osseous, articular, and ligamentous), active (force-

generating capacity of muscles), and neural control (integration of afferent and efferent 

information) subsystems.  This model describes the three subsystems as interdependent 

whereby one system is capable of compensating for deficits in another system.  In this 

context, Panjabi redefines spinal instability to include a “neutral zone”.  The neutral zone 

is a region of intervertebral motion around the neutral posture (neither in flexion or 

extension) where little resistance is offered by the passive spinal column.88  The 

components of the passive subsystem can only provide stability toward the ends of ranges 

of motion as the ligaments develop tension that resist spinal motion.  Substantial stability 

to the spine in the vicinity of the neutral zone is thought to be provided by the active 

subsystem with contribution from the neural subsystem.  It is hypothesized that the neural 

subsystem provides afferent information related to intersegmental joint position while in 

the neutral zone. In the presence of normally functioning subsystems, the size of the 

neutral zone is maintained, providing mechanical stability of the spine for normal 

functional movement.  The size of the neutral zone has been shown to increase with 

ligamentous injury and intervertebral disc degeneration78 and is thought to increase 

gradually due to dysfunction of any of the subsystems.  The consequence is chronic pain 

and disability.  

Major contributions by Bergmark (local muscle system) and Panjabi (inclusion of 

the neural subsystem’s role in regulating normal spinal stability) has led to a line of 

research dedicated to the understanding of key muscle activation characteristics and how 

muscle activation is altered in the presences of LBP.  Research has documented 

impairments in these deep muscles including atrophy,6, 43, 44, 59, 64, 119 delayed activation,28, 

50, 52 and lack of volitional control,39 and  has exposed links between low back pain and 

various impairments in the muscles of the local system.44-46, 52, 54, 67  Delays in muscle 

activation during limb movements as well as lower than expected levels of activation 
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during exercise 22, 50, 52, 53, 56, 82, 100 are thought to expose vertebral segments to abnormal 

translation and shear forces, eventually contributing to pain of spinal origin and 

disability.   

Isolated atrophy of the LM muscle has been identified in subjects with acute 

LBP.44  This atrophy has been shown to be selective to the side and level of pain in both 

acute and chronic43 LBP subjects and may not reverse upon resolution of symptoms.46  

Using an porcine model, Hodges et al48 identified specific patterns of atrophy when 

comparing a simulated disc lesion with a nerve lesion (transaction of the medial branch of 

the dorsal ramus).  Cross-sectional area of the LM was reduced at the level of the lesion 

for the disc condition.  The nerve lesion condition atrophy followed the innervations 

pattern of the LM, 1-3 levels below the level of the lesion.  Lumbar multifidus atrophy 

has also been associated with leg pain,59 and histological changes within the muscle have 

been identified in chronic LBP subjects, where fatty deposits replace multifidus muscle 

tissue.6, 64, 77  

Rehabilitative Ultrasound Imaging

 

Clinical assessment of deep muscle performance to help guide clinical 

intervention is difficult.  Electromyography (EMG), utilizing fine wire electrodes, has 

traditionally been used to assess the magnitude and timing of the TrA and LM providing 

useful information related to motor control.  Unfortunately, the invasiveness of these 

procedures limits their routine clinical use108 and so researchers and clinicians have relied 

on manual palpation techniques with limited evidence of  assessment validity.    

There is emerging research evidence supporting the use of ultrasound imaging as 

a non-invasive tool to assess deep muscle activation.57  The application of ultrasound 

imaging for the purposes of biofeedback and muscle performance measurement by 

rehabilitation professionals is referred to as Rehabilitative Ultrasound Imaging (RUSI).107   

RUSI can be used to assess muscle and other structures of interest during 

volitional activation or active movements.  Several of these dynamic measures have been 

described in the literature including measurement of bladder 84, 110 (indirect assessment of 

pelvic floor muscle function), transverse abdominis28, and lumbar multifidus 

movement.61  Others researchers have described using RUSI during dynamic tasks to 

measure muscle length and fatigue.101  
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There are several architectural properties of muscle that can be measured during 

dynamic tasks including fascicle length, pennation angle,69,74 and thickness.57  Muscle 

thickness change (MTC) is the most common parameter measurable with RUSI that 

relates to muscle activation.  Several researchers have utilized MTC as an indicator of 

muscle activation for the TrA 12, 13, 28, 39, 96, 108 and LM.46, 112The reliability of measuring 

muscle with RUSI has been reported by several authors13, 39, 65, 76, 92, 103, 106, 108, 112 and is 

considered to be good to excellent.  It should be noted that the majority of studies have 

assessed intra-tester reliability.   

To validate the use of RUSI as a measurement tool for muscle contraction, 

thickness change has been compared to EMG activity of the gastrocnemius73, transverse 

abdominis,55, 76 external oblique, internal oblique, tibialis anterior, biceps brachii, and 

brachialis.55  Although the relationship between MTC and EMG varies slightly between 

muscles and experimental protocols utilized, in general it is considered to be 

curvilinear.57  Thickness change and EMG activity is relatively linear at lower levels of 

activation, then plateaus as EMG activity continues to increase.55  The validity of using 

MTC as a measurement of muscle activation has been demonstrated in the TrA55, 76 in an 

asymptomatic population by comparing thickness change to fine-wire EMG.  Ferreria et 

al28 demonstrated concurrent thickness and EMG attenuation of the TrA during an 

automatic recruitment task in subjects with LBP when compared to controls.   

Limited data exist describing the use of RUSI to measure the paraspinal 

musculature during dynamic tasks.  One study measuring thickness change of the lumbar 

paraspinals was performed by Wanatbe et al.116  In this study the thickness of the erector 

spinae muscle was taken in the sagital plane over the transverse process.  Subjects were 

seated and measures were obtained in neutral, flexed and extended postures.  Results 

suggested that changes in muscle thickness could be reliably measured by ultrasound and 

that significant differences in thickness were present between positions.  No EMG data 

were collected.  Van et al112 utilized RUSI to measure MTC change of the LM in a motor 

learning study and demonstrated that visual feedback from RUSI improved subjects’ 

ability to learn how to volitionally activate the LM.  Both of these studies add validity of 

RUSI as a noninvasive measurement tool for clinical assessment of muscle activation.    



 

7 

Purpose

 
Non-invasive measurement protocols using RUSI have been developed and 

validated for the TrA.  There is a need to develop a similar measurement protocol for the 

LM.  Classification systems for subjects with LBP, such as the TBC system, have been 

developed and validated.  But, emerging evidence suggests motor control deficits are 

present in a wide variety of subjects with LBP and may be present across LBP categories.  

Therefore, the purposes of this dissertation are to:  

1)  Explore the relationship between MTC (as measured by RUSI) and EMG activity in 

the LM  

2)  Determine if motor control changes produced by experimentally induced pain can be 

measured by RUSI 

3) Determine if there is a difference in MTC (as measured by RUSI) between subjects 

with LBP classified using the TBC system and asymptomatic controls. 

4) Determine if abnormal MTC is altered after completion of a standardized lumbar 

stabilization intervention program. 

Each study is described in the chapters that follow.  The first study assessed the 

relationship between MTC and EMG activity.  In the second study, an experimentally 

induced pain model was used to determine if RUSI could detect pain induced changes in 

the LM and TrA.  The third study was designed to investigate potential differences in 

MTC across categories of the TBC and to assess changes pre-post intervention.   
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TABLE 1.1  Key examination findings and interventions for the Treatment-Based 
Classification System adopted from Delitto et al25  

Classification Key Examination Findings and 
Discriminating Factors in Bold35 

Intervention 

  Stabilization Duration of symptoms greater than 
average of other categories (23 days) 
Pain intensity less than other 
categories (4.8)   

   Positive on Clinical Predictive Rule for 
Stabilization Training 
Frequent prior episodes of low back pain 
due to minimal perturbations 
History of frequent manipulations 
History of trauma 
Positive response to prior use of brace or 
corset 
Generalized ligamentous laxity 
“Instability catch” during lumbar flexion 
or return from flexion 
Positive Prone Instability test 

General stabilization 
program progression  

  Mobilization   Average pain intensity 5.5, average 
duration 14.5    

     Sacroiliac 
     Mobilization 

Asymmetry of pelvic landmarks (ASIS, 
PSIS, iliac, iliac crest) in standing 
Positive standing flexion test 
Asymmetry of the PSIS in sitting 
Positive long-sit test 
Positive prone knee bend test  

Sacroiliac region 
manipulation or muscle 
energy technique 
ROM exercises                                                                

     Lumbar  
     Mobilization 

Positive on CPR for Manipulation 
Localized, unilateral low back pain 
Presence of an “opening” pattern (painful 
restricted 
flexion and contralateral side-bending) or 
“closing” pattern (painful and restricted 
ipsilateral side-bending) of active range 
of motion restrictions.   

Lumbar regions 
manipulation and ROM 
exercises 

Direction  
  Specific   
  Exercise 

Average pain intensity 6.2, more likely 
to have leg pain, average duration 14 
days   
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     Extension       
     Syndrome 
     Flexion       
     Syndrome         

Symptoms centralize with lumbar 
extension 
Symptoms centralize with lumbar flexion               

Extension exercises  

Avoidance of extension   

     Lateral shift Visible frontal plane deviation of the 
shoulders relative to the pelvis 
Asymmetrical side-bending range of 
motion 

Pelvic translocation 
exercises/then to 
extension program  

                                   

Copyright © Kyle B. Kiesel 2007
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Chapter II  

Measurement of Lumbar Multifidus Muscle Contraction with Ultrasound Imaging  

Background

  
This study was performed to establish the reliability of using ultrasound imaging 

to measure the thickness of the lumbar multifidus muscle and to establish the criterion 

validity of using thickness change as a measurement of muscle activation.    

The reliability portion was performed on 8 asymptomatic subjects.  The first 

measurements were taken, then subjects were repositioned and the measurements were 

repeated.  For this study one single measurement was used.  The reliability for the LM 

was good; however, in a study using ultrasound to measure thickness of the lateral 

abdominal wall muscles it was reported that using an average of 3 measures decreased 

the SEM substantially. Therefore, when establishing the reliability of the measurement in 

subjects with low back pain, an average of 3 measures was used.    

In pilot work it was observed that the thickness of the multifidus tended to 

increase with increased loads when subjects lifted either their upper or lower extremity 

while in the prone position.  Because of movement artifact that occurred in some subjects 

while the lower extremity was lifted, the prone upper extremity arm lifting model (subject 

prone with upper extremity in 120° of abduction, lifting extremity off of table) was used 

to compare EMG activity and muscle thickness change in the lumbar multifidus.  

Indwelling electrodes were placed into the deep fibers of the multifidus at the L4 level 

and simultaneous ultrasound and EMG data were collected to establish the relationship 

between thickness change and EMG activity.  Data were collected on 12 subjects, but 

approximately one half of the data was not usable because of an equipment problem 

while performing the MVIC procedure.  Therefore this study includes data on 5 subjects.   

Chapter Synopsis

  

Rehabilitative ultrasound imaging (RUSI) has been validated as a noninvasive 

method to measure activation of selected muscles.  The purpose of this study was to 

determine the relationship between muscle thickness change, as measured by RUSI, and 

EMG activity of the lumbar multifidus muscle in normal subjects.     
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Bipolar fine wire electrodes were inserted into the multifidus muscle at the L4 

level of 5 subjects.  Simultaneous EMG and RUSI data (muscle thickness) were collected 

while subjects performed 4 increasingly demanding postural response tasks known to 

activate the multifidus muscle.  The change in muscle thickness between rest and 

activation was compared to EMG output over the four tasks.  Additionally, normalized 

EMG data were correlated to normalized RUSI data.   

Mean EMG data showed increasing levels of activation across tasks (19% to 34% 

of MVIC).  There was a significant difference between tasks for EMG activity.  Muscle 

thickness change as measured by RUSI was highly correlated with LM EMG activity of 

LM in asymptomatic subjects (r= .79 p < 0.001).    

Results suggest that measurement of muscle thickness change using RUSI is a 

valid and practical method to measure activation of the lumbar multifidus muscle in a 

narrow range (19-34% of MVIC) for an asymptomatic population.  

Introduction

 

Lumbar paraspinal musculature plays a key role in providing stability during 

dynamic tasks.17  Of particular interest recently has been study of the lumbar multifidus 

muscle.  Altered characteristics of the lumbar multifidus identified in low back pain 

subjects include histological changes,118, 119, 122 girth changes,45, 59 and deficits in motor 

control, recruitment, and endurance.8, 22, 51   

Quantification of lumbar multifidus (LM) activation in those with low back pain 

may be helpful in determining effective intervention.  The gold standard measurement 

tool used to assess muscle activation is electromyography (EMG).  EMG measures the 

electrical activity in the muscle and can be interpreted to represent muscle activation.  To 

ensure a reliable signal is obtained from the multifidus, an indwelling electrode should be 

used.104  Ultrasonography offers a noninvasive method to measure muscle activation55, 76 

and has gained popularity in various aspects of low back pain rehabilitation.13, 20, 42, 45-47  

The application of ultrasound imaging for the purposes of biofeedback and muscle 

performance measurement by rehabilitation professionals is referred to as Rehabilitative 

Ultrasound Imaging (RUSI).  Ultrasonography is an imaging technique utilizing high-

frequency sound waves to evaluate tissue properties such as thickness.  Ultrasound 

examination is considered low risk.  According to the safety committee of the European 
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Committee for Medical Ultrasound (ECMUS), “Based on scientific evidence of 

ultrasonically induced biological effects to date, there is no reason to withhold scanning 

for any clinical application”.  

It is known that muscle thickness changes when the muscle is activated.55  The 

amount of thickness change that occurs with muscle activation can be quantified by 

RUSI, comparing resting muscle thickness values to those obtained during muscle 

activation.  Measurement of muscle thickness change compared to EMG activity has 

been performed on the gastrocnemius muscle,73 on the transverse abdominis76 and on 

other trunk and peripheral  muscles.55  To our knowledge no comparison has been 

performed on the lumbar multifidus. The purpose of this study is to determine the 

relationship between muscle thickness change, as measured by RUSI, and EMG activity 

of the LM in normal subjects.     

Methods

 

Subjects

  

Five healthy subjects, 3 of which were female (mean age = 28.0 years SD 5.6, 

mean height = 170.7 cm SD 9.4, mean mass = 70.3 kg SD 15.9) volunteered for this 

study.   Subjects were excluded if they had current or recent history (within 6 months) of 

LBP or hip pain, a history of lumbar/sacral surgery, congenital lumbar/sacral condition 

such as spondylolithesis, or spina bifida, or bony pathology such as a fracture.  All 

volunteering subjects signed an institutional-review-board-approved consent form 

following verbal instructions of the procedure. 

Procedures

  

Subjects were positioned prone on a standard plinth.  An inclinometer was placed 

longitudinally over the lumbo/sacral junction and pillows were used to flatten the lumbar 

curve to less than 10 degrees.  Subjects were then oriented to and practiced the maximum 

voluntary isometric contraction procedure performed with the elbows flexed to 

approximately 90 degrees and shoulders abducted to approximately 120 degrees.  

Subjects then lifted their head, trunk, and upper extremities and held with maximum 

effort against a load applied at the elbow by one of the researchers.  The contralateral 

upper extremity lifting movement, used to activate the LM, was then practiced.  This 



 

13 

consisted of the upper extremity lift with four levels of graded resistance as described 

below. 

To study the LM, fine wire (California Fine Wire Company, Grover Beach, CA) 

electrodes were fabricated from pairs of nylon coated 50µm wires which were inserted 

into a 27ga hypodermic needle.  Approximately 1–2mm of coating was removed from the 

tip of the wire, the tips were bent back at 2-3mm and 3-4mm respectively, and the needle 

and wires were sterilized.  The L4 spinous process was identified, and the needle was 

inserted just lateral to the spinous process to the depth of the lamina, then withdrawn, 

leaving the electrode in the deepest portion of the LM muscle.  A surface ground 

electrode was placed over the subject’s lateral malleolus.   

The ultrasound images were generated at 25Hz utilizing computerized 

ultrasonography (Sonosite 180plus, Sonosite Inc, Bothell, WA).  The primary 

investigator operated the ultrasound unit and performed the scanning for this study.  A 

70mm 5-MHz curvilinear transducer was placed longitudinally along the spine with the 

mid- point over the L4 spinous process.  It was moved laterally and angled slightly 

medially until the L4/5 zygapophyseal joint could be identified. This scan point is 

directly over the LM and a measurement from the most posterior portion of this landmark 

to the plane between the muscle and subcutaneous tissue was used for the linear 

measurement of the LM98 at rest and during activation.  An on-screen caliper was used to 

obtain the resting measurement, captured simultaneously with resting EMG data.  The 

reliability of this measurement was established in a pilot study of 8 asymptomatic 

subjects (ICC3,1=.85) and represents the ability to reliably capture and measure a given 

image.  Subsequent images taken during the arm lifting tasks were saved and printed for 

off screen manual measurement.  The reliability of this measurement (ICC3,1=.95) 

represents the ability to consistently measure the same image off-screen (intraimage 

reliability).  The sonograms of the LM captured during the arm lifting tasks were printed 

and measured off-screen to limit the total time of the tasks and limit fatigue.  The muscle 

thickness measurements obtained during each task were normalized to the resting 

measurement and percent change from rest was calculated (Activity – Rest/Rest x 100).  

This percent change in muscle thickness from rest to activation represented muscle 

activation as measured by RUSI.    
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The MVIC data were collected as the subject performed the maximum upper 

extremity and trunk lift described.  Two trials of 5 seconds each were performed and the 

greatest root mean square (RMS) peak .5 second MVIC recording was used to normalize 

the EMG activity.  Normalization provides a standard reference of electrical activity and 

all data are reported as a percentage of the MVIC. 

The contralateral arm lifting tasks were performed in the same plane as the 

MVICs.  The subjects were instructed to lift their extremity straight up off of the table 

and hold for 8 seconds (see Figure 1).  Two trials each of the 4 levels of increasingly 

demanding upper extremity lifting tasks were performed while EMG data and images 

were obtained simultaneously.  The first level (no load) had resistance of only the limb; 

the next three levels (low, medium, and high load) had graded resistance based on the 

subject’s body mass (see Table 2.1).  The average of the two trials for each task was used 

for analysis.  

EMG Analysis

 

The EMG data were sampled at 2000Hz using the Biopac II Student Lab Pro 

(Biopac System, Inc. Santa Barbara, CA) amplified 1000x and filtered at 30-500Hz.  The 

Biopac has a signal to noise ratio of > 90dB and an input impedance of 1.0 M .  The data 

were saved and imported to a PC for analysis with Datapac software (Run Technologies, 

Mission Viejo, CA).  RMS peak amplitudes were calculated for each 0.5 second period. 

Data from the middle three seconds of each trial were averaged and expressed as a 

percent of MVIC.   The average of the two trials for each task was used for analysis.  

Statistical Analysis 

 

To determine if the individual tasks adequately increased muscle activation, a 

repeated measures analysis of variance with post hoc analysis (alpha level .05) was 

performed on the EMG data.   

To determine if a correlation existed between the EMG and RUSI data points, a 

Pearson’s correlation coefficient was calculated and a regression line was fit.   

Results

 

The tasks studied were significantly different from each other (F3,12 = 25.39 P 

<0.001).  Post hoc analysis utilizing Bonferroni correction revealed significant 

differences between the no-load and medium and high load tasks, and between low load 
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and high load tasks.  Muscle activation as measured by EMG correlated highly (r = .79 

P< 0.001) with thickness change as measured by RUSI.  There was a 0.01 improvement 

in r value between the first and second order regression equations (Figure 2.1).  Table 2.2 

includes values of muscle thickness in centimeters (cm) and EMG as a percent of MVIC 

for each task.   

Discussion

 

Our main finding was that EMG activity and thickness change in the LM muscle 

during functional contractions is highly correlated.  This result adds to the limited body 

of knowledge related to the use of RUSI as a measurement tool for muscle activation. A 

curvilinear relationship between thickness change in the LM muscle and EMG activity 

during the graded contralateral upper extremity lifting tasks was demonstrated, 

suggesting that RUSI may provide an alternative technique to measure LM muscle 

contraction.  Previous research assessing the relationship between muscle thickness 

change and EMG activity in the transverses abdominis muscle used volitional activation 

matched to percent of MVIC55, 76 through a large range of activation levels.  For this 

study, the selected tasks produced, on average, a narrow range of activation from 19% to 

34% of MVIC.  EMG activation changed as expected based on the level of the task.   

There was a difference between no-load and medium and high load tasks and between 

low load and high load indicating these are true differences.  Although not statistically 

significant, the difference between the no load and low task was 5%, and consistent with 

increases between levels of activation in previously cited studies of the transverse 

abdominis.  Isolated volitional activation of the LM is discussed in the literature,46 

studying subjects trained to perform this activity may be a method for future research to 

study a broader range of activation levels.   

Direct comparison of our EMG results is not possible as earlier studies that 

isolated EMG activity of the multifidus during contralateral limb movement in the prone 

position could not be identified.  Arokoski et al in two separate papers4, 5 studied a variety 

of stabilization exercises and reported an average of 41% MVIC for the lumbar 

multifidus during a standing, alternating shoulder flexion movement with an average load 

of 1.5 kilograms.  Our average load across each task was 0.8 kilograms, which produces 

an average output of 28% of MVIC.  Despite these methodological differences, research 
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to measure multifidus activity during various lumbar stabilization exercises, involving 

loaded limb movements, has shown somewhat similar activation levels to the present 

study.        

Previous studies measuring thickness change and EMG activity of other muscles 

have reported conflicting results.  Hodges et al55 compared EMG activity to architectural 

change measured by RUSI in several muscles across a broad range of activation levels.  

They measured thickness change and EMG activity of the tibialis anterior, biceps brachii, 

brachialis, internal oblique and transverse abdominis and reported a curvilinear 

relationship where RUSI was useful to detect changes at low levels of contraction (up to 

approximately 20% of MVIC) and higher levels of contraction produce little further 

thickness change.  McMeeken et al76 measured the transverse abdominis during 

abdominal hollowing from 5% to 80% of MVIC and demonstrated a linear relationship 

between thickness change and EMG activity across all levels of activation measured.   

Our methods reported here differed somewhat from similar research in that they 

did not include matching a volitional contraction to a set level of activation; rather, tasks 

thought to activate the LM at progressively greater levels were included.  This resulted in 

measurement in a narrow range of muscle activation and is a limitation of the study.  We 

cannot assume this relationship exists across the entire range of muscle activation since 

we tested a narrow range.  With the limits of our study RUSI can detect changes in LM 

EMG activity from an average of 19% of MVIC (no load) to of 34% of MVIC (high 

load).   

Further research is needed to determine if RUSI is a valid measure of LM 

activation across a greater range of activation levels, and in individuals with low back 

pain.  If RUSI can be validated as a noninvasive measurement of LM muscular activity in 

the low back pain population, it may be useful for clinicians who use therapeutic exercise 

as an intervention in this population. RUSI could be used to measure potential LM 

activation impairment and how various interventions effect the impairment. 

Conclusion

 

These results provide preliminary data on the potential use of RUSI to measure 

LM muscle activation.  The measurement of muscle thickness change utilizing RUSI 

appears to be a noninvasive method to measure activation of the LM muscle as it is 
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highly correlated with EMG in a limited range (19-34% of MVIC) in an asymptomatic 

population.  
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Table 2.1 

Graded resistance levels for upper extremity lifting tasks in kilograms. 

Subject Mass (Kg)  Low

 
Medium

 
High

 
< 68.2 

 
.45

 
.68

 
.90

 

68.2-79.5

 

.45

 

.68

 

1.14

 

79.5-90.9

 

.45

 

.90

 

1.14

 

>90.9

 

.45

 

.90

 

1.36
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Table 2.2  

Mean and standard deviation values for the lumbar multifidus muscle during rest and 
each of the lifting task conditions.  Ultrasound values are thickness measured in 
centimeters and EMG values are expressed as a percent of MVIC.     
* indicates values are significantly different from No Load condition.   
^indicates values are significantly different from Low Load condition.    

Instrumentation                                Lifting Task Conditions (X, SD)  

                          Rest             No Load          Low              Medium             High 
Ultrasound

 

2.48 (.19) 3.28 (.35) 3.50 (.29) 3.60 (.33) 3.68 (.29)       

EMG na 19.50 (5.94) 25.31* (7.15) 32.21* ^(7.58) 34.31* (8.85)       
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 Figure 2.1 Regression between thickness change and EMG in the lumbar multifidus  

         

Copyright © Kyle B. Kiesel 2007 
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Chapter III  

Rehabilitative Ultrasound Measurement of Select Trunk Muscle Activation During 
Induced Pain  

Background

 

The first study established the relationship between thickness change as measured 

by ultrasound imaging and EMG at relative low levels of activation (mean values were 

19-34% of MVIC).  It is thought that these lower levels of activation are all that is 

required of deep stabilizing muscles such as the multifidus to create adequate segmental 

stabilization.     

Prior to utilizing this measurement in a clinical study, it was important to 

determine if the measurement was sensitive enough to detect changes in muscle 

performance thought to be present in subjects with LBP.  It is difficult to recruit 

homogenous subjects with LBP, therefore, it has been recommended in the literature that 

an experimentally induced pain model be used when studying pain-related motor control 

issues.  This allows for the control of pain levels as well as controlling for muscle 

performance changes that are thought to occur over time in subjects with LBP.  

Therefore, this study was performed to determine if ultrasound imaging was sensitive 

enough to measure pain related changes in the multifidus and transverse abdominis 

muscles.   

There is a fairly large body of literature describing the use of ultrasound to 

measure muscle thickness of the transverse abdominis including two studies describing 

the relationship between thickness change and EMG activity.  We added assessment of 

the transverse abdominis because of our desire to include this in a clinical study.   

Chapter Synopsis 

 

Rehabilitative ultrasound imaging (RUSI) is considered a valid method to 

measure muscle activation in key spinal muscles in asymptomatic subjects.  Research 

measuring muscle activation with RUSI in painful subjects is limited.   The aim of this 

study was to determine if changes in muscle activation from experimentally induced pain 

can be measured by RUSI.   
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Six male subjects performed tasks known to activate the transverse abdominis 

(TrA) and lumbar multifidus (LM) while RUSI measurements of muscle thickness were 

obtained during control and hypertonic saline conditions.  The abdominal draw-in 

maneuver was used to volitionally activate the TrA and a series of upper extremity lifting 

tasks were used to automatically activate the LM.  Pain was induced by injecting 5% 

hypertonic saline into the longissimus muscle adjacent to the LM at the L4 level.  The 

percent change in muscle thickness from rest to contraction represented muscle 

activation.   

Activation was significantly less (p < 0.01) during the painful condition on 4 of 

the 5 tasks performed for the LM and on the task performed for the TrA.  These results 

indicate that RUSI can be used to measure pain-related changes in deep trunk muscle 

activation.  Future research should include a larger sample size and women.   

Introduction

 

Contemporary rehabilitation for low back pain (LBP) subjects includes specific 

exercise aimed at restoring motor control of key stabilizing muscles including the 

transverse abdominis (TrA) and the lumbar multifidus (LM).45, 80, 83, 85, 95  Surface 

electromyography does not accurately measure activation characteristics of these deep 

spinal muscles,75, 104 requiring invasive measurement techniques not routinely used in the 

clinical setting.109  Rehabilitative ultrasound imaging (RUSI) can be used to assess muscle 

activation by measuring change in muscle geometry during contraction.  The most 

common measurement utilized to assess muscle activation is change in muscle 

thickness.49  Muscle thickness change has been shown to represent muscle activation by 

simultaneous EMG recording in the TrA muscle55, 76 and the LM muscle61 in normal 

subjects.   

Few studies have been conducted to measure muscle thickness change with RUSI 

in subjects with LBP.  Ferreira28 et al demonstrated thickness change of the TrA is less in 

asymptomatic subjects with a history of LBP.  This study utilized a loaded lower 

extremity task, similar to recumbent biking, to measure automatic recruitment of TrA 

over the course of the task.  Critchley and Coutts19 used RUSI to measure thickness 

change in the TrA in chronic LBP subjects performing the abdominal draw-in maneuver.  
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The magnitude of thickness change in the LBP subjects was significantly less than 

asymptomatic age matched control subjects.  Thickness change of the LM has not been 

measured with RUSI in the LBP population.  RUSI has been used as biofeedback during 

intervention in an acute LBP population where thickness change was thought to represent 

activation.46      

Many researchers have reported changes in muscle activation in LBP subjects as 

compared to asymptomatic control subjects.111  The majority of studies have utilized 

surface EMG to assess the response to pain in superficial muscles.  Results vary widely 

and are in part dependent on the task studied, with some demonstrating hyperactivity and 

other demonstrating hypoactivity in the presence of pain.  These results have been used to 

support and refute the two primary theories of how pain affects motor control 1) the pain-

spasm-pain model (predicts pain increases activity as a protective response) and 2) the 

pain-adaptive model (predicts pain will cause an increase muscle activity when the 

muscles act as antagonist and decreases activity when the muscle is active as an agonist).  

van Dieen et al111 concluded that “lumbar erector spinae EMG activity in LBP subjects 

is highly variable and thought to depend upon the task studied.” 

Researchers demonstrating the effects of induced pain on trunk muscle activation 

also offer no consistent findings, with results appearing to vary depending on the task.  

Arendt-Nielsen et al3 induced pain with hypertonic saline and demonstrated an increase 

in erector spinae activity during walking.  Zedka et al121 measured erector spinae activity 

during trunk flexion and extension before and after hypertonic saline induced pain and 

found an increase in activity when EMG activity was normally silent and a decrease or no 

change when EMG activity was normally high. 

More recent work has focused on deep muscle activation, in particular on the 

timing of activation in the presence of pain.  Delays in activation of the TrA, in response 

to rapid limb movement, have consistently been demonstrated in subjects with LBP,54 

subjects with a history of LBP in remission at the time of testing 50, 52 and in 

asymptomatic subjects when pain is experimentally induced.53  There are several studies 

demonstrating various impairments of the LM in subjects with LBP including selective 

morphologic changes such as decreased girth and fatty infiltrate development.21, 44, 46, 59, 

119  Despite these consistent findings, muscle activation deficits of the LM have not been 
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consistently identified.  Hodges et al53 failed to show recruitment differences in the deep 

portions of the LM in response to rapid limb movements during induced pain.  Other 

studies have shown diminished EMG activity in the LM during forward and backward 

bending102 and a reduction in fatigue resistance.99  Measurement of changes in muscle 

activation associated with LBP may be beneficial to the clinician in development of 

select intervention to reverse the identified impairment.   

Experimental pain can be induced by many methods, but hypertonic saline-

induced pain has been used extensively to test the effects of pain on various aspects of 

motor control 38 and utilized specifically to study the effects of pain on motor control of 

spinal muscles.3, 53, 121  Intramuscular injection of hypertonic saline is thought to produce 

pain by primarily exciting nociceptive fibers and possibly by increasing the intramuscular 

sodium and potassium concentrations.  Other possible contributors to the pain response 

are increases in intramuscular pressure and a nonspecific excitation of non-nociceptive 

afferents.38 Interesting, it has been shown that injection of isotonic saline does not 

produce pain beyond that associated with the injection itself.53  Using intramuscular 

injection of hypertonic saline to produce pain is considered safe, reliable and comparable 

to clinical pain.38  The advantage of using experimental pain applied to healthy subjects 

over patients in clinical studies is the control obtained for pain intensities and duration.  

Such control may be important when measuring the LM because of its tendency to 

become inhibited quickly in those with acute LBP46 and because of known morphological 

changes in chronic LBP subjects 59, 119, 120 which may affect measurement accuracy.  To 

our knowledge, no study has demonstrated if RUSI can detect change in muscle 

activation in those with acute pain at the time of testing.  Therefore, the aim of this study 

was to determine if changes in muscle activation from experimentally induced pain can 

be measured with RUSI.   

Methods

 

Subjects

 

A convenience sample of 7 healthy male subjects (mean age = 26.0 years SD 7.3, 

mean height = 176.9 cm SD 10.7, mean weight = 83.0 kg SD 11.7) volunteered for this 

study.  Females were not included because of known differences in LM activation 

levels.4  Potential subjects were also excluded if they had a history of LBP or hip pain, 
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spondylolithesis, or a congenital lumbar/sacral condition such as spina bifida.  All 

volunteering subjects signed an institutional-review-board-approved consent form 

following verbal instructions of the procedure. 

Procedures

 
Ultrasound measurements 

 

Rest and activation measures (control and hypertonic saline conditions) of 

thickness of the TrA and LM were obtained using the Sonosite 180 Plus sonography unit, 

(Sonosite Inc, Bothell, WA) with a 70mm 2-5 MHz curvilinear transducer.   The TrA 

measurements as described by Richardson et al were taken with the subjects in the supine 

hooklying position with the transducer placed just superior to the iliac crest along the 

axillary line.97  To ensure measurements were taken at similar points along the TrA, the 

transducer was adjusted until the medial most portion of the TrA was visualized in the far 

left portion of the screen 39 (Figure 3.1).  Subjects were then taught to preferentially 

activate their TrA by performing the abdominal draw-in maneuver with visual feedback 

from the ultrasound.  Once the skill had been adequately learned (isolated TrA activation 

as determined by the tester viewing the RUSI) the resting measure was captured at the 

end of quiet expiration followed by the activation measure.   

The LM measurements were taken with the subjects positioned prone on a 

standard plinth.  An inclinometer was placed longitudinally over the lumbo/sacral 

junction and pillows were used to flatten the lumbar curve to less than 10 degrees.  The 

L4 spinous process was identified by palpation and marked for reference.  Then the 

transducer was placed longitudinally along the spine, moved laterally, and then angled 

slightly medial until the L4/5 facet joint could be identified.  This scan point was directly 

over the lumbar multifidus. A measurement from this landmark to the plane between the 

muscle and subcutaneous tissue was used for the thickness measurement of LM at rest 

and during activation (Figure 3.2).106 

To activate the LM, 2 trials each of 5 increasingly demanding contralateral upper 

extremity lifting tasks were performed while ultrasound images were obtained. The first 

task had resistance of only the limb with the shoulder adducted and the elbow fully 

flexed; next the shoulder was abducted to 120 degrees and lifted with just resistance from 

the limb, then graded resistance was added for the next 3 lifts based on the subject’s body 
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weight (see Table 3.1).  The average of the two trials for each task was used for analysis.  

A percent change from rest was calculated [(Activity – Rest)/Rest *100] for muscle 

thickness measures obtained during each task.  This percent change in muscle thickness 

represented muscle activation as measured by RUSI.  Resting and all TrA measurements 

were performed with the on-screen calipers.  The intratester reliability of these measures 

was established in a pilot study (TrA ICC3,1 = 0.95, LM ICC3,1 = 0.85) performed on 8 

asymptomatic subjects.  LM images captured during the UE lifting tasks were saved and 

printed for off screen manual measurement.  The intra-image reliability of this 

measurement was (ICC3,1=.95).  The off screen LM activation measurements were taken 

by a researcher who was blind to both task and condition.   

Induced pain 

 

After completion of the measurements during the control condition, subjects 

remained positioned on the plinth.  To induce acute pain, a 1.5ml bolus of hypertonic 

saline (5%) was injected into the longissimus muscle 6cm lateral to the L4 spinous 

process at a depth of approximately 3.5cm as described by Hodges et al53. Pain was 

measured on a 0-10 point visual analog scale at 60 seconds post injection and every 60 

seconds thereafter.  Reported pain scores had to reach = 4/10 and maintain that level 

throughout the hypertonic condition data collection.  If reported pain dropped below the 

pre-determined threshold of 4/10, an additional 0.5ml bolus was administered.  Subjects 

were offered a 0.5ml subcutaneous injection of 1% lidocaine to diminish the superficial 

pain associated with the subsequent saline injection.   

Statistical Analysis 

 

Paired t-tests were used to determine if muscle activation was different between 

the two conditions on each of the 5 activation tasks for the LM and on the volitional TrA 

contraction.  The alpha level was set at = 0.05 and a Bonferroni correction was performed 

on the LM data to diminish the risk of committing a Type I error due to multiple 

comparisons.  The correction was done by dividing the alpha level of 0.05 by the number 

of comparisons which was five.  Therefore, the alpha level for acceptance for the LM was 

= 0.01 and remained at = 0.05 for the TrA.     
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Results

 
Of the seven subjects enrolled in the study, one did not reach the required pain 

therefore six subjects completed all aspects of the study.  The results of the paired t-test 

indicated a significant difference (p = < 0.01) in LM muscle activation between the 

control and hypertonic saline conditions for all but the second activation task (see Figure 

3.3).  There was also a significant difference for the TrA between conditions (p = < 0.01) 

see Figure 3.4.  Table 3.2 includes mean and SD values in centimeters for all 

measurements.       

Discussion

 

The results of the present study indicate that induced pain attenuates the thickness 

change of the LM muscle during an automatic recruitment task and the TrA muscle 

during a volitional recruitment task.  Research to establish the relationship between 

muscle thickness change and muscle performance measures such as EMG has been 

conducted on a variety of muscles including the TrA55, 76 and LM.  Hodges et al55 

reported a curvilinear relationship where maximum muscle thickness is reached at 

approximately 20% of MVIC.  McMeeken et al76 demonstrated a more linear relationship 

where thickness change can be observed up to 80% of MVIC.  Thickness change in the 

TrA is considered a valid measure of muscle activation although the linearity of the 

relationship is controversial.109 

Little research has been conducted on thickness change of the LM.  In previous 

work, we demonstrated a curvilinear linear relationship (r = .79 p < 0.001) between LM 

thickness change and EMG activity across a narrow span of activation levels (19-34% of 

MVIC, see chapter 2).  One study116 utilized RUSI to evaluate thickness change in the 

lumbar erector spinae.  The scan point for this study was lateral to the point used in the 

current study, over the transverse process, measuring thickness of the erector spinae 

group as a whole.  This study did not include EMG, but did report intra and interrater 

reliability of the muscle thickness measurement (R = 0.90) and significant differences in 

muscle thickness between sitting flexion, neutral, and extended spinal positions across all 

lumbar levels.  

The importance of LM function in LBP has been established,23, 44, 45, 59, 119 and 

several authors discuss the use of RUSI to measure activation and provide feedback for 
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select training of the deep portion of the LM.45, 60, 66  Although researchers have 

demonstrated a structural72 and functional81 differentiation between the deep and 

superficial fibers of the LM, the anatomical differentiation between the fibers is difficult 

to identify with RUSI and we did not attempt this.  The measurement we utilized, directly 

over the facet joint, is thought to encompass the entire LM and the contralateral UE 

lifting task is likely to activate the paraspinal muscles en mass. Therefore, our 

measurement included both the deep and superficial portions of the LM.  Refinement of 

select deep LM measurement and training with RUSI requires further research.   

Our findings are consistent with previous studies which have demonstrated 

reduced thickness change in the TrA as measured by ultrasound imaging in those with 

chronic LBP.  Critchley and Coutts19 reported a mean thickness change of 15% in chronic 

LBP subjects (duration of symptoms 54.1 months) compared to a 50% change in pain-

free controls during volitional muscle activation.   

Ferreira et al28 also demonstrated a significant difference in thickness change of 

the TrA between controls and subjects with a history of LBP during an automatic 

recruitment task of a loaded recumbent biking-type activity.  In contrast, Teyhen et a108 

found LBP subjects (duration of symptoms 3.3 months) were able to volitionally activate 

the TrA as measured by RUSI demonstrating a mean 109% thickness change from rest to 

activation.  Substantial differences between studies may be due to differences in resting 

measures. Critchley and Coutts reported a mean resting thickness of .51cm while Teyhen 

et al reported a mean resting thickness of .21cm.  Mean thickness values during volitional 

activation were reported at .67cm and .44 cm respectively.  Our data are similar to 

Critchley and Coutts as we both report approximately a 50% change in TrA thickness in 

pain-free subjects.  Neither study reported pain levels at the time of testing and there was 

a substantial difference in duration of symptoms.   

We are aware of no study that has measured thickness change of the LM in 

subjects with LBP.  Hides et al45 reported significant differences in cross-sectional area of 

the LM, at the spinal level of pain, in those with first time acute LBP.  These subjects 

were then randomized to either the control group which received standard medical care of 

medication and education or the intervention group which added motor control exercise.  

This exercise protocol utilized RUSI for feedback to the subjects as they learned to 
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volitionally activation both the TrA and LM.  Thickness change of the LM was used as 

feedback for activation, but no thickness measurements were reported.   

A single case-study reported a 64% contralateral difference in LM thickness 

change, as measured by RUSI, with the painful side changing less than the non-painful 

side.   Following exercise intervention, the activation difference was reported to be 

resolved and the patient remained symptom-free 12 months following intervention.63 

Previous research demonstrates experimentally induced pain alters muscle 

activity, including delays in the timing of TrA activation53 and either an increase or 

decrease in erector spinae activity dependent upon the phase of the movement task tested.  

The pain-adaptation model70 predicts pain will alter muscle activity depending on a given 

muscle’s role as an agonist or antagonist to control movement for protection.  This model 

is described by Graven-Nielsen et al38 in a review article as the current best explanation 

of how pain likely alters motor control.  It is difficult to categorize the role of LM in the 

prone UE lifting task used in this study as either agonistic or antagonistic.  As an 

example, the pain-adaptation model predicts increased activity when a muscle would 

normally be silent and decreased activity when a muscle would normally be active, 

therefore a decrease in LM activity could be expected.  Hodges et al53 reported an initial 

increase in deep lumbar multifidus EMG amplitude following saline injection during 

rapid arm lifting.  Differences may be related to the position of subjects.  The authors 

postulate that because subjects were in the standing position, an initial increase in activity 

of the LM may have been part of a protective trunk splinting response. 

Limitations of this study include the small sample size as well as the lack of EMG 

data.  Measuring if EMG also changes during the painful condition would add validity to 

the study as well as to the use of thickness change as a measure of muscle activation.  

Additionally, the strength of contraction was not measurable and maximal contraction 

could not be confirmed in either muscle tested.  This may not be relevant from a clinical 

perspective as high force contractions are not functional in that the stabilizing role of 

deep muscles is thought to occur at relatively low forces. 

Conclusion

 

The results of this study provide preliminary data indicating RUSI can be used to 

measure pain-related change in select trunk muscle activation.  This adds to the validity 
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of using RUSI in the clinical setting and may help to expand its use beyond that of 

feedback and measurement for the TrA.  Additionally, the decreased activation as 

measured by RUSI supports the pain model describe by previous authors Lund and 

Graves-Nielsen. 
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Table 3.1.  Graded resistance levels for upper extremity lifting tasks in kilograms.  

Subject Mass (Kg) 

 
Level 1 
UE in add. 
with elbow 
flexed 

Level 2 
UE only 
at 120° 
of abd.    

Level 3  Level 4 Level 5 

< 68.2 

 

_ _ .45

 

.68

 

.90

 

68.2-79.5

 

_ _ .45

 

.68

 

1.14

 

79.5-90.9

 

_ _ .45

 

.90

 

1.14

 

>90.9

 

_ _ .45

 

.90

 

1.36
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Table 3.2.  Mean and SD of muscle thickness (cm) during control and hypertonic 
conditions.  The bold dash indicates no data was collected by study design.          

Control Hypertonic Saline   

  

TrA LM TrA LM 

 

Rest 0.46±0.07 3.27±0.04 

   

Draw-in 0.68±0.08 

 

0.59±0.07 

 

0.09 

UE Lift 1 

 

3.70±0.57 

 

3.44±0.49 0.26 

UE Lift 2 

 

4.02±0.60 

 

3.72±0.63 0.30 

UE Lift 3 

 

4.17±0.57 

 

3.87±0.54 0.30 

UE Lift 4 

 

4.25±0.63 

 

3.93±0.47 0.32 

UE Lift 5 

 

4.33±0.66 

 

4.04±0.54 0.29 
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