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Abstract

Background and Purpose—Ultrasound imaging (USI) has been shown to be a reliable
measure for direct assessment of the lumbar multifidi among younger adults. However, given age-
and chronic low back pain (CLBP)- related spinal changes, similar studies are needed prior to
clinical use of USI among older adults with CLBP. The goals of this study were to evaluate intra-
and inter-examiner reliability for USI assessment of multifidi thickness at rest and during a
contraction and to determine standard error of measurement values (SEMs) and minimal
detectable change values (MDCs) among older adults with CLBP.

Methods—Thirty-one adults, aged 60 to 85 years, with CLBP were recruited. Two examiners
performed USI assessments of multifidus thickness at rest and during a contralateral lower
extremity lift. Intraclass correlation coefficients (ICCs) were used to estimate inter- and intra-
examiner reliability. SEMs and MDCs were calculated.

Results—All USI measurement techniques demonstrated excellent within-day, inter-examiner
procedural reliability (ICCs: 0.82-0.85) and good-to-excellent between-days, inter-examiner
procedural reliability (ICCs: 0.72-0.79). SEMs ranged from 0.36-0.46 centimeters (cm); MDCs
ranged from 1.01-1.26 cm. Regardless of the measurement technique, examiner 1, the more
experienced examiner, demonstrated lower SEMs and MDCs than examiner 2.

Discussion—Lower ICCs, greater SEMs, and greater MDCs for USI multifidus thickness
assessment in older adults with CLBP when compared to previously published, procedural
reliability results for younger adults with and without low back pain, may indicate that imaging is
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more challenging in this patient population. Factors, such as examiner training and participant
anthropometrics, may impact reliability.

Conclusions—Good-to-excellent intra- and inter-examiner USI procedural reliability may
provide clinicians a direct assessment technique for clinical evaluation of the lumbar multifidi in
older adults with CLBP. SEMs and MDCs may allow for accurate interpretation of USI
assessments in this population.

Keywords
chronic low back pain; multifidus; ultrasound imaging

INTRODUCTION

Among community-dwelling older adults, low back pain is associated with reduced health-
related quality-of-life and function.! According to the American Geriatric Society, “pain
management is most successful when the underlying cause of pain is identified and
treated”.2 Unfortunately, the majority of chronic low back pain (CLBP) in older adults is
“non-specific”, defined as tension, soreness, and/or stiffness in the lower back region for
which a specific cause of the pain cannot be identified.3 While we may not be able to
identify a specific cause of low back pain in older adults, it is possible that concurrent age-
related®-6 and CLBP-related changes’ 8 of the spinal system may play a role in symptom
presentation.® Therefore, establishment of reliable assessment approaches to evaluate spinal
morphology are needed for older adults with CLBP.

Age- and CLBP-related changes may affect posterior trunk muscles, including the erector
spinael and the lumbar multifidi,*> which play a role in dynamic spinal stability.10-11
Specifically, findings of muscle atrophy and increased intramuscular fat both in the presence
of aging*~® and low back pain’:8-12-17 may impact muscle function and physical
performance.6.7.18 In the clinical setting, assessments of posterior trunk muscles may focus
on extensor strength and/or endurance. Extensor strength, which has been associated with
falls1® and quality-of-life20 in older adults, is typically assessed using dynamometry;
however, dynamometry may not be optimal for documenting change over time secondary to
learning effects.?122 Greater extensor endurance has been associated with better balance in
older adults.23 Extensor endurance may be a means of documenting improvement in adults
with CLBP over the course of an intervention.2! Unfortunately, test positions do not allow
differentiation of back extensor endurance from hip extensor endurance.?4 Thus, clinicians
are left without a reliable and responsive clinical measure for direct assessment of the
muscles of the posterior trunk.

Ultrasound imaging (USI), which uses reflected sound waves to create gray-scale images,
is emerging as a safe and cost-effective clinical tool. USI offers practitioners the ability to
perform not only direct assessments of posterior trunk muscle function but also assessments
of muscle size in the outpatient setting. In younger individuals with and without back pain,
USI has been shown to be reliable for assessing multifidus size, i.e. thickness and cross-
sectional area and multifidus activity, i.e. change in thickness from a resting to a contracted
state.26-32 Assessing the multifidus may be desirable due to the proposed role of the

J Geriatr Phys Ther. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Sions et al.

Page 3

multifidus in spinal stabilization.1! To date, no studies have assessed the reliability of USI
for multifidus thickness assessment in adults over the age of 60 years.

During an USI assessment of the multifidus, two techniques may be employed: parasagittal
and/or transverse imaging.2529:33 Parasagittal imaging is used to assess multifidus thickness
and activity,27-2% while transverse imaging is used to assess multifidus cross-sectional
area.26:32 US| measurement techniques rely on the ability to accurately identify multifidi
fascial lines, which are hyperechoic (appear bright white) when compared to adjacent
muscle tissue, which is more hypoechoic (appears darker). In the presence of increased
intramuscular fat secondary to aging®®° and low back pain,12-13 fascial line differentiation
may be challenging (FIGURE 1). Therefore, the reliability of standard US measurement
techniques should be evaluated in older adults with low back pain, prior to utilization of USI
in clinical practice and skeletal muscle research in this population. Alternative measurement
techniques that include the multifidus fascial line (FIGURE 1) may be more reliable in older
individuals with CLBP who have increased intramuscular fat, eliminating the need to
differentiate the multifidus from its fascia.

Implementation of USI assessments for older adults with CLBP in the clinical setting may
be dependent on two types of reliability: (1) procedural, which may be defined as the ability
of examiners to perform the entire imaging process, i.e. location of the level of interest,
image acquisition, and measurements of the images, in a consistent, repeatable fashion and
(2) measurement reliability, which may be defined as the ability of examiners to perform
measurements of muscle morphology from previously attained images in a consistent,
repeatable fashion. While establishing between-days procedural reliability may allow for
documentation of muscle changes across the course of treatment, establishing inter-examiner
measurement reliability may allow for image processing to be delegated to trained support
staff. Determination of minimal detectable change values (MDCs) for USI measurements in
older adults with low back pain may allow researchers and clinicians to decide post-
treatment when muscle changes surpass procedural and measurement error.34

The objectives of this measurement study were to (1) evaluate inter-examiner measurement
reliability for assessments of multifidi resting and contracted thicknesses, (2) to evaluate
intra-examiner and inter-examiner procedural reliability for USI assessments of multifidi
resting and contracted thicknesses, and (3) to determine USI standard error of measurement
values (SEMs) and MDCs for multifidi thicknesses in older adults with CLBP. We
hypothesized that USI inter-examiner measurement reliability for USI would be excellent
and that intra-examiner and inter-examiner procedural reliability would be excellent in older
adults with CLBP. We hypothesized that an alternative thickness measurement technique
that included the fascial line would have better reliability than the standard measurement
technique in older adults with CLBP.

METHODS

Participants

Thirty-one cognitively intact, English-speaking and English-reading, community-dwelling
older adults, aged 60 to 85 years with CLBP, defined as low back pain of at least 3 months
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duration, were recruited. Participants were excluded if they had (1) a history of low back
surgery; (2) received treatment for low back pain within the past 6 months; (3) symptoms of
non-mechanical low back pain, including unrelenting night pain, sensation changes in the
groin region, or bowel and bladder disturbances; (4) a diagnosis of scoliosis; (5) experienced
a recent traumatic event; (6) to use an assistive device greater than a cane for community-
mobility; (7) a neurological disorder; (8) an acute or terminal illness; or (9) difficulty lying
prone for USI imaging. Individuals who rated their current pain intensity as less than 3/10
on the Facial Pain Scale-Revised3® or scored less than 14% on the modified Oswestry Low
Back Pain Questionnaire, an internationally-known measure of low back pain-related
disability with established reliability and validity,36-38 were also excluded to increase the
likelihood that participants would be representative of persons with significant CLBP-
related disability who might seek outpatient services.

Data Collections

This study was approved by the Institutional Review Board for Human Subjects Research at
the University of Delaware. Eligible participants, after completing the informed consent and
a demographics questionnaire, underwent body anthropometric assessments, including
height and weight.

USI Procedures

Participants were seen for 2 USI sessions scheduled 2 to 9 days apart. Two licensed physical
therapists performed independent USI, with random determination of examiner and
examination order. Both examiners received USI training through continuing education
courses. Examiner 1 conducted about 75 posterior trunk muscle USI examinations in
individuals ages 18 to 85 years prior to the start of the study, while examiner 2 conducted 10
USI sessions with examiner 1 and performed 10 USI sessions in older adults independently
prior to the study (approximately 20 hours of hands-on training). Participants were requested
to avoid trunk muscle exercises between sessions.

Images were obtained with a Mylab 25 portable ultrasonography unit (Biosound Esaote Inc.,
Indianapolis, IN) using brightness mode. Since trunk extension results in increased erector
spinae thickness,3° participants were placed prone in 0-5 degrees of extension, as measured
with an inclinometer placed at the L4/5 interspinous space.2? Three right and 3 left
parasagittal images, using the split screen function to assess resting and contracted
multifidus thickness side-by-side were obtained. A 3.5-7.0 MHz curvilinear transducer32
was used, with slight counter-pressure during active images to match muscle contraction
pressure. Gain was adjusted for each image for optimal fascial line delineation and the
transducer was removed from the skin between images.

During USI, the transducer was placed longitudinally and angled medially to capture the
L4/5 facet joint (FIGURE 2A).33 Parasagittal images were taken at rest and during a
contralateral, isometric straight leg raise?® of approximately 5 centimeters following 2
practice trials per limb (FIGURE 2B). Transducer locations were established using
palpation, skin markings, and ultrasound verification using the sacrum as a reference point
as described by Wallwork et al.2% Skin markings were removed between examiners to
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ensure that each examiner independently established transducer positions.2? Examiners were
not able to observe one another during imaging; image acquisition took less than 15 minutes
per examiner. Prior to USI during session 2, participants answered the question, “Since the
last USI session, have you participated in exercises targeting your belly or back regions?” If
the participant answered “yes” to this question, further participation was terminated.

USI Data Analysis

All images were analyzed using MyLab software independently by each examiner (authors
JMS and TOV); examiners were masked to measurement outputs. To allow determination of
inter-examiner measurement reliability, examiner 2 took measurements of all images
captured by examiner 1 from session 1. To allow determination of intra-examiner and inter-
examiner, within-day and between-days USI procedural reliabilities, examiners 1 and 2 took
measurements of their images obtained from both sessions 1 and 2. Measurements of
multifidus thickness were taken using the standard technique, where a linear measurement is
taken from the L4/5 facet joint to the last dark pixel before the multifidus fascial line27:29,
Examiners also used the alternative measurement technique where a linear measurement was
taken from the L4/5 facet joint up to and including the fascial layer. Each set of
measurements took less than 10 minutes. Measurements were entered into a spreadsheet by
a third member of the research team.

Statistical Analysis

PASW Statistics 18 (SPSS, Inc., Chicago, IL) was used to calculate ICCs with 95% Cls to
estimate reliability. Between-days intra-examiner procedural reliability was determined
using model (3,3). Within-day inter-examiner measurement, within-day inter-examiner
procedural, and between-days inter-examiner procedural reliabilities were determined using
model (2,3). Based on proposed ICC cut-offs by Fleiss, ICCs greater than 0.75 were
considered excellent; 0.40 to 0.75 were considered fair-to-good.4? ICCs between standard
and alternative ultrasound measurement techniques were compared to determine whether
one technique was superior, i.e. more reliable, for assessing multifidus thickness. SEMs and
MDCs were calculated.*1:42

RESULTS

A total of 31 individuals met the inclusion and exclusion criteria and opted to participate in
the study. Descriptive statistics are provided in Table 1. Only 1 participant did not return for
session 2.

Table 2 summarizes within day reliability. Regardless of the measurement technique used,
ICCs indicated excellent inter-examiner measurement reliability (ICCs: 0.97-0.98). Both
USI measurement techniques demonstrated excellent within-day, inter-examiner procedural
reliability for both resting and contracted thicknesses (ICCs: 0.82-0.85). Within-day I1CCs,
SEMs, and MDCs did not indicate superiority of the alternative measurement technique
when compared to the standard technique.

Table 3 summarizes between day reliability. Regardless of the measurement technique used
to assess thickness, i.e. standard or alternative, both examiners demonstrated excellent intra-
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examiner, between-days, procedural reliability (ICCs: 0.90-0.93). The alternative
measurement technique for multifidus thickness assessment had similar intra-examiner
reliability when compared to the standard technique based on overlapping 95% confidence
intervals. Examination of SEMs and MDCs indicates that examiner 1 consistently
demonstrated lower SEMs and MDCs than examiner 2.

Inter-examiner procedural reliability was acceptable for all measurements (ICCs: 0.72-
0.79). There was not a clear advantage to the alternative measurement technique for
assessing resting thickness over the standard measurement technique, although a lower SEM
and a lower MDC were found for the alternative measurement for multifidus contracted
thickness. Comparisons of within-day to between-days inter-examiner reliability indicated a
decrease in reliability point estimates but overlapping confidence intervals (TABLES 2 and
3). SEMs and MDC:s for all measurements were larger for between-days assessments, when
compared to within-days (TABLES 2 and 3).

DISCUSSION

Results of this study indicate excellent measurement and procedural reliability, both within-
day and between-days, is possible for assessments of multifidus thickness in older adults,
aged 60 to 85 years, with CLBP. There is not a clear advantage to using the alternative
measurement technique over the standard technique when assessing multifidi thickness in
older adults with CLBP who may have increased intramuscular fat. However, the proposed
alternative technique that includes the fascial line may be reliably used when the fascial line
is indistinguishable from the multifidus muscle. Comparisons of intra- versus inter-examiner
reliability indicate that re-evaluations should be conducted by the same examiner when
possible, which may result in an improved ability to detect changes in muscle size and
function.

Assessments of multifidus thickness at rest and during contralateral limb lift tasks are used
to calculate thickness change (percent thickness change = [contracted thickness-resting
thickness]/resting thickness*100), which has been correlated to electromyographic muscle
activity for low level contractions.33 Calculations of multifidi thickness from ultrasound
images may allow clinicians to directly evaluate and monitor multifidus function over the
course of an intervention. Our between-days, procedural reliability results among older
adults with CLBP, while lower than those previously published among younger adults with
non-specific low back pain,2’ suggest that USI may be reliable tool for assessment of
multifidi function in older adults with back pain. For standard measurements, procedural
reliability SEMs (0.23-0.46 cm) and MDCs (0.64-1.26 cm) were also larger than previously
reported (0.02-0.21 cm and 0.07-0.58 cm respectively) among younger adults with and
without low back pain.27:29-31 |_ower reliability, greater SEMs, and greater MDCs may
support the hypothesis that USI is more challenging among older adults with CLBP due to
age- and CLBP-related muscle changes, although examiner training differences could also
be responsible. Greater imaging challenges in older adults may be supported by the fact that
examiner 2, the more novice examiner, received similar or greater hands-on training when
compared to ‘novices’ in other studies.27-2%-31 \We acknowledge that our older adults with
CLBP had greater body mass indices (BMIs) than participants in previously published USI
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reliability studies,27:29-31 but our sample was similar in BMI (29.7 kg/m?) to older
individuals with CLBP (29.0 kg/m?) in a study by Rudy et al.43 Further, due to age-related
changes there are inherent issues with using BMI to assess body fatness in older adults,*
and thus, it may not be appropriate to compare BMI between age groups. For measurement
reliability, comparison of our parasagittal imaging results to those previously published
among younger adults with and without low back pain,27:33 indicate that despite aging,
CLBP, and participant anthropometrics, measurements of multifidi function may be
delegated to trained staff.

Our SEMs provide information on measurement precision and are used to calculate
MDCs.4142 MDCs allow researchers and clinicians to determine when ‘true change’ has
occurred pre-to-post treatment.34 Based on multifidus thickness MDCs obtained in this
study, it may be easier to detect changes in multifidus thickness and function in an older
adult with CLBP within a single-session rather than over time. Within-session assessment of
multifidus thickness may be helpful to determine if a given treatment is effective at
improving multifidus activity, (calculated from the resting and contracted thickness
measurements), but further research is needed. Lower MDCs for examiner 1, who was more
experienced in USI when compared to examiner 2, support previous ultrasound findings in
younger adults of greater precision for experienced examiners.29

Our study has several limitations. While we believe that our sample is representative of
older adults who might seek clinical services for their CLBP as they reported at least
minimal disability per the modified Oswestry Low Back Pain Questionnaire, we are unable
to say with certainty. We acknowledge that providing USI reliability data from a group of
older adults without CLBP for comparison would have expanded the breadth of this study.
As USI procedural reliability for multifidi thickness assessment takes into account the
ability to determine the target level, capture optimal images at rest and during a contraction,
and perform accurate measurements, examiner training is critical. Examiner 1 and 2 not only
attended continuing education courses in USI, specific to the posterior trunk that focused on
capturing optimal images and taking measurements but also participated in “in-depth’
anatomy education, including cadaveric dissection that focused on spinal level

identification. Examiners with differing educational backgrounds may or may not be able to
attain similar reliability. USI assessments were conducted by examiners whose USI training
included older adults; training specificity cannot be discounted. Increased imaging
experience may enable detection of smaller pre-to-post treatment multifidus changes;
therefore, it is possible that years-of-experience may enhance reliability. Further, while
examiners were reliable at level L4/5, we acknowledge that these results may not translate to
adjacent levels, i.e. L3/4 or L5/S1.

When the fascial line is indistinguishable from the multifidus muscle and the examiner opts
to use the alternative measurement technique, the examiner should be cognizant that the
fascial layer can be thickened and disorganized in those with CLBP.#° Further, fascia may
respond to exercises prescribed for CLBP.48 Therefore, changes in fascia pre-to-post
treatment are possible. While these factors may not affect within-day reliability of the
measurement, between-days reliability may be affected.
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CONCLUSIONS

In conclusion, findings of excellent intra- and inter-examiner USI procedural reliability
among older adults with CLBP may provide clinicians a direct assessment technique for
clinical evaluation of lumbar multifidus. Use of the standard USI measurement technique for
multifidus thickness assessment is recommended. Provided SEMs and MDCs may allow for
interpretation of USI assessments in this patient population. Among older adults with CLBP,
the use of USI as an adjunct to standard clinical measures may allow detection of small
muscular changes resulting in large functional improvements. Future research exploring
relationships between USI findings and clinical measures, including those assessing the
psychosocial domain, may help clinicians to better understand the etiology of CLBP and
develop more effective interventions.
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FIGURE 1. Parasagittal Ultrasound Imaging: Younger versus Older Adult
Image of the L4/5 multifidus at rest in a younger adult (A) and an older adult with chronic

low back pain (B). In the standard measurement technique (A), the measurement is taken
from the L4/5 facet joint to the last dark pixel before the multifidus fascial line. In the
alternative technique (B), the measurement is taken from the L4/5 facet joint up to and
including the fascial layer given the difficulty of determining the fascial line.
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L4/5 Multifidus at Rest L4/5 Multifidus Thickness Contracted -

FIGURE 2. Parasagittal Ultrasound I maging Technique and Resultant | mages
(A) Shown in the picture is the transducer placement for parasagittal imaging of L4/5

multifidus thickness. (B) Parasagittal images in an older adult for both the multifidus at rest
and during a contralateral lower extremity lift are provided; standard measurements of
multifidus thickness are shown for both images.
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Demographics

TABLE 1

Variables Older Adultswith CLBP (n=31)
n (% of sample)
Female 15 (48.4%)
Caucasian 29 (93.5%)
Right Hand Dominance 28 (90.3%)
mean (SD)
Age (years) 71.5 (6.4)
BMI (kg/m?) 29.7 (5.0)
Pain Intensity (0-10)& 3.3(14)
Oswestry (%) 29.3 (10.3)

Abbreviations: CLBP, chronic low back pain; %, percentage; standard deviation, SD; BMI, body mass index; kg, kilograms.

a . . . . -
Pain intensity is the composite of current, best, and worst pain in the past 24 hours.
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