1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Arch Phys Med Rehabil. Author manuscript; available in PMC 2019 November 01.

-, HHS Public Access
«

Published in final edited form as:
Arch Phys Med Rehabil. 2018 November ; 99(11): 2251-2256. doi:10.1016/j.apmr.2018.03.016.

Energy Impairments in Older Adults with Low Back Pain and
Radiculopathy: A Matched Case-Control Study

Peter C. Coyle, DPT, PhD?", Jenifer M. Pugliese, DPT2, J. Megan Sions, DPT, PhD?, Mark S.
Eskander, MDP, Jennifer A. Schrack, PhD®d, and Gregory E. Hicks, PT, PhD?

aDepartment of Physical Therapy, University of Delaware, Newark, DE
bDelaware Orthopaedic Specialists, Newark, DE
¢Center on Aging and Health, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

dDepartment of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

Abstract

Objectives—To investigate the impact that the presence of chronic low back pain with
radiculopathy (CLBPR) may have on 1) energy efficiency and 2) energy capacity among
community-dwelling older adults.

Design—Matched case-control study.
Setting—Clinical research laboratory.

Participants—38 community-dwelling older adults (60-85 years) with (n=19) and without
(n=19) CLBPR were included in this analysis. Participants were matched between-groups on age
(z 5 years), sex, and diabetic status.

Interventions—Not applicable.

Main Outcome Measures—Energy cost of walking at self-selected speed (i.e. energy
efficiency) and Peak Walking VO2 (i.e. energy capacity).

Results—Older adults with CLBPR had a higher energy cost of walking at self-selected speed
(p=-009) and lower Peak Walking VO2 (p=.050), compared to those without pain.

Conclusions—Older adults with CLBPR may benefit from specific rehabilitative interventions
that target these potentially modifiable energetic outcomes, thereby reducing the risk of mobility
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decline. Future studies should identify which mechanisms specifically contribute to diminished
energy efficiency and capacity among older adults with CLBPR.
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Methods

Chronic low back pain with radiculopathy (CLBPR) (i.e. pain that radiates from the lumbar
spine into the leg(s)) is consistent with age-enhanced, degenerative changes of the spine, and
is common among older adults.12 Walking impairments, which are strongly predictive of
disability,3 and mortality, are a hallmark of this condition.}2 Researchers have shown that
age-related declines in walking speed may be driven by impaired energetic efficiency and
capacity, as measured by the volume of oxygen consumed (VO2).5>7

Prior work has shown that walking is energetically inefficient among individuals with hip®
and knee? pain. Furthermore, there is evidence to suggest that localized chronic low back
pain may be linked to diminished energy capacity,10 with a recent conceptual model
theorizing that the pain experience has a unique impact on energy efficiency and capacity,
which may drive downstream mobility limitations.1!

Along with increased pain while walking, the presence of CLBPR is associated with a
higher comorbidity burden.12 For example, those with CLBPR are more likely to have
hypertension and arthritis, compared to the general population.12 Age-related comorbidities
can contribute to homeostatic imbalance, thereby increasing the energy cost of life (i.e.
reduced efficiency).13 It is plausible that the mobility limitations seen among older adults
with CLBPR are partly a manifestation of impaired energy metabolism, generated by the
multifactorial nature of this condition. Yet our understanding of how the presence of this
condition influences these energetic factors among older adults is limited.

The purposes of this study were to investigate whether CLBPR influences the energetic
efficiency of walking and energy capacity. We hypothesized that older adults with CLBPR
would have a higher energy cost of walking at self-selected speed (i.e. worse energy
efficiency), as well as reduced Peak Walking VVO2 (i.e. worse energy capacity), compared to
age- and sex-matched, pain-free participants. In a secondary, exploratory hypothesis, we
theorized that a having CLBPR would be associated with greater odds of having a Peak
Walking VO2 <18 mL/kg/min, an established threshold for increased risk of physical
function decline.1*

Participants

This study was a comparative analysis of a sample of community-dwelling older adults
(60-85 years) with and without CLBPR. Participants with CLBPR met the following pain
criteria: low back pain intensity =3/10, pain frequency =4 days per week, pain duration =3
months, and pain that radiated to, or below, the knee during walking. Individuals with
unilateral or bilateral leg symptoms due to CLBPR were included. Individuals with pain
were excluded if they had any of the following: a non-mechanical low back pain symptom
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(e.g. unrelenting night pain, lack of sensation in the groin and/or buttocks), severely limited
mobility (i.e. needed an assistive device for testing), significant cardiovascular or
cardiopulmonary disease (i.e. disease(s) in these systems that could potentially impact
normal walking, such as peripheral arterial disease or chronic obstructive pulmonary
disease) a progressive neurological disorder, or a terminal illness.

Pain-free older adults were included as controls if they matched a CLBPR participant
already enrolled in the study, based on the following characteristics: age (z 5 years), sex, and
diabetic status; matching on these factors was done to reduce potential confounding of these
person-level factors on energetic outcomes. Control participants were required to be free
from back pain in the year prior to study enrollment and free of any significant pain (=2/10
intensity) in the 72 hours prior to testing. Exclusion criteria for this group were the same as
the CLBPR group. With the exception of diabetes and CLBPR, participants had no other
known comorbid factors thought to influence energy efficiency or capacity.

All participants were recruited from local senior centers and health clinics in Northern
Delaware; flyers and consent-to-be-contacted forms were distributed to each site for
recruitment. Participants were screened for inclusion/exclusion criteria by research
personnel via phone, prior to study participation. Study assessments were performed by a
trained and licensed physical therapist in a clinical research laboratory, at the University of
Delaware. Written informed consent was obtained prior to participation. The flow diagram
in Figure 1 illustrates the study overview for the 38 participants included in this study. This
study was approved by the University of Delaware Institutional Review Board and was in
accordance with the Helsinki Declaration of the World Medical Association.

Descriptive Characteristics

Participants reported their age, sex, race, education level, and diabetic status. In addition,
participants estimated the duration of their CLBPR symptoms. A digital scale was used to
measure height and weight, from which body mass index (BMI) was calculated. The Quebec
Disability Index (QDI) was used to assess low back pain-related disability.1> The numeric
pain rating scalel® was used to assess worst pain intensity in the last 24 hours in the leg(s),
with anchors from 0 (“no pain”) to 10 (“worst possible pain™).

Energy Cost of Walking at Self-Selected Speed (Energy Efficiency)

The energy cost of walking was assessed while participants walked at their self-selected
speed around two cones that were 20 meters apart.>7 Participants were required to walk 2.5
minutes while VO2 in mL/kg/min was measured via an Oxycon Mobile™ Portable VO2
Measurement system (CareFusion™, San Diego, CA). Per manufacturer instruction, this
device was calibrated at the beginning of each test using standard calibration gases (16% 02,
4% CO2, balance nitrogen) for gas content, and the auto-calibration function for gas flow.

VO2 was recorded using the single-breath format, and then averaged for each 20-meter
interval. Data from the first 1.5 minutes were discarded to ensure the participant reached
physiologic steady state; data from the remaining 1-minute window (i.e. 1.5-2.5 minute
mark) were used for the analysis. VO2 from each breath in the 1-minute window was
averaged. The duration of each length was recorded; gait speed was calculated for each
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length by dividing 20 meters by the length duration. Gait speed values from the lengths
included in this 1-minute window were averaged to arrive at a single value. The energy cost
of walking (mL/kg/m) was calculated by dividing average VO2 by average gait speed:

Average V02 mL 02/kg body weight/min

Walking Speed ~ mImin = mLikg/m

Energy Cost of Walking =

Secondary Outcomes—Average gait speed (m/sec) was considered a secondary
outcome. In addition, the metabolic gas analyzer also computed Respiratory Exchange Ratio
(RER) for each breath taken. RER was used to determine level of metabolic exertion; values
included in the 1-minute window were averaged to arrive at a single value. RER is the ratio
of CO2 produced to VO217; high RER values indicate a higher utilization of carbohydrates
to lipid ratio. RER increases with exercise intensity, and is often used to help define energy
capacity: at a given level of exercise intensity, fit (i.e. higher energy capacity) adults achieve
lower RER values, compared to unfit (i.e. lower energy capacity) adults.1” In other words, if
a person truly has low energy capacity, they will reach the same RER-level as a person with
high energy capacity, but at a significantly lower exercise intensity.

Peak Walking VO2 (Energy Capacity)

Peak Walking VO2 was captured during a 400-meter walk test at peak sustained walking
speed, on the course previously described. This test has been validated as a measure of
cardiorespiratory fitness in older adults,18 and this protocol replicated that of a previous
study on aging and energy expenditure.® Participants were instructed to walk as fast as they
could around the cones for 10 full laps, for a total of 400 meters. Standardized
encouragement was given at each lap.

VO2 was measured using the same equipment and parameters as previously described. Data
from the first 1.5 minutes were discarded to ensure the participant reached physiologic
steady state. To calculate Peak Walking VO2, the remaining VO2 values measured from
each breath taken during the duration of the test were averaged.519 If participants were
unable to complete the 400 meter-walk, the usable data before the walk test ended was
averaged for a Peak Walking VO2 measurement; this required a minimum of 30 seconds of
usable (i.e. after participants reached physiologic steady state) VO2 measurements. Gait
speed was computed as the distance covered during the test divided by the time it took for
completion.

Secondary Outcomes—Average gait speed (m/sec) and RER were considered secondary
outcomes. RER was measured for each breath in the same time window as Peak Walking
V0?2, and these values were averaged to arrive at a single measure.

Statistical Analysis

Statistical analyses were performed using SPSS 24 (SPSS, Inc. Armonk, NY). Descriptive
analyses were performed for both groups. A mixed-design analysis of covariance
(ANCOVA) was used (a.=.050). A conservative approach in controlling for BMI was
elected, because the between-groups difference on this characteristic approached statistical

Arch Phys Med Rehabil. Author manuscript; available in PMC 2019 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Coyle etal.

Results

Page 5

significance (p=.087). After adjusting for BMI, pairwise between-group comparisons were
made for both the energy cost of walking at self-selected speed and Peak Walking VO2.
Kolmogorov-Smirnov and Shapiro-Wilk tests were used to determine the normality of
residuals of ANCOVA models; p-levels = .050 on these tests indicate a violation of the
assumption of normality of residuals. If this occurred, box plots were generated of residual
values. Box plot outliers were identified and manually removed in an iterative fashion until
normality was achieved. If an outlier was removed in one group, then the corresponding
matched participant in the other group was also removed. Partial eta-squared effect size
values were calculated to determine the amount of variance group membership explained in
each dependent variable. Binary logistic regression was used to determine the odds ratio
between the two groups, of having a Peak Walking VO2 of <18 mL/kg/min.

Table 1 displays the descriptive characteristics for both groups. Table 2 displays the results
from the between-groups comparison for the energy cost of walking, Peak Walking VO2,
and respective secondary outcomes. While walking at their self-selected speed, participants
with CLBPR had a higher energy cost of walking (absolute mean difference = .031
mL/kg/m, p=.009) and walked significantly slower (absolute mean difference = .14 m/sec,
p=.003), compared to control participants. While walking at their peak speed, participants
with CLBPR had a lower Peak Walking VVOZ2 (absolute mean difference = 2.39 mL/kg/min,
p=.050) and walked slower (absolute mean difference = .28 m/sec, p=.002), compared to
control participants.

RER did not differ significantly between-groups during either walking test, indicating that
metabolic exertion was similar for both groups on both tests. Comparisons for Peak Walking
VO2 initially violated the assumption of normality of residuals; removal of the greatest
outlier (i.e. highest residual value) and the participant matched in the corresponding group,
resulted in satisfying this test assumption. Having CLBPR was associated with 2.04 greater
odds of having a Peak Walking VO2 <18 mL/kg/min, but this did not reach statistical
significance (p=.308).

Discussion

Group membership explained 18.1% of the variance in energy cost of walking, after
adjusting for BMI. Schrack et a/found normal energy cost values were approximately .170
and .195 mL/kg/m for older adults aged 60 and 80 years, respectively.® In this study, energy
cost values for pain-free older adults were consistent with normative data. However, those
with CLBPR had a much higher energy cost compared to reference values for 80 year-old
individuals,® despite an average group-age of 69 years. As energetic inefficiency is a strong
risk factor for gait speed decline,’ these data suggest that older adults with CLBPR may
have a greater risk for future mobility limitation, and thus, disability® and mortality.*

To our knowledge, this is the first study to establish a link between energy inefficiency and
CLBPR among older adults. CLBPR contributes to gait impairments that may be unique to
this condition.2%:21 Optimal mechanics contribute to energy efficiency, while gait alterations
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can reduce efficiency.22 Furthermore, CLBPR is associated with a multitude of comorbid
conditions2; comorbidities have been shown to elevate the energy expenditure,3 and thus
reduce efficiency. Future studies should investigate the specific mechanisms that contribute
to energetic inefficiency among older adults with CLBPR, to identify potentially modifiable
targets for rehabilitation.

Our results indicated that group membership explained 11.1% of the variance in Peak
Walking VOZ2, after adjusting for BMI. This analysis required the removal of one outlier
from each group. Outlier removal was necessary to satisfy the assumption of normality,
which improves the confidence in the results. However, with small sample sizes, outlier
removal can have a profound effect on the analyses. In this study, had the outlier not been
removed, the comparison would have yielded a p=.064. While not statistically significant,
p=.064 clearly demonstrates a similar pattern to the analyses with outlier removal (p=.050).

To reach an RER of .924, older adults with CLBPR walked at 1.27 m/sec; those without
pain, however, walked at a much faster speed (1.55 m/sec) to reach a similar RER. This
indicates that both groups were working equally hard metabolically, but their speeds were
vastly different. The reason that RER did not differ between groups, despite vastly different
speeds, is likely because older adults with CLBPR had a significantly lower energy capacity.
As a result, older adults with CLBPR likely are incapable of achieving the same mobility
level (i.e. walking speed and distance) as their pain-free counterparts. Prior work suggests
that a Peak Walking VO2 <18 mL/kg/min is predictive of developing difficulty in aspects of
self-reported physical function (e.g. pushing/pulling objects; stooping, crouching, kneeling).
14 Our results indicate that the having CLBPR was associated with 2x greater odds of having
a Peak Walking VO2 <18, but this was not statistically significant. It is possible that we were
underpowered to detect this relationship, given that this was a secondary hypothesis.

Of note, older adults with CLBPR walked at significantly slower self-selected and fast
speeds compared to control participants, and those differences exceeded clinical relevance
(>.10 m/sec).22 The slowness of gait may play a role in the energetic inefficiency observed.

Overall, this work has important clinical implications. Given their link to mobility decline,
energy efficiency®’ and capacity®14 may be important outcomes in the rehabilitation of
older adults with CLBPR. It is important to note that these outcomes require specific tools
(i.e. metabolic gas analysis equipment). While these tools may not yet be commonplace for
physical rehabilitation, they are commonly used in specific clinical settings (e.g. cardiac
rehabilitation). It is possible that interdisciplinary collaboration could lead to improved
management of mobility among older adults with CLBPR. Nevertheless, when
collaborations are not feasible, clinical tests exist to estimate energy capacity. Simonsick et
al found that the Long Distance Corridor Walk test,18 which requires little resources and
training, can provide a valid estimate of Peak VO2 in older adults.

Regarding treatment, our work also has specific implications. As mentioned, we suspect that
the poor energy efficiency seen among older adults with CLBPR, may be due to two
potentially modifiable factors: gait alterations and high comorbidity burden. We hypothesize
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that both mechanisms contribute to the poor energy efficiency seen among older adults with
CLBPR. Our future work will examine these pathways.

Regardless, there is no known harm in targeting both factors. First, if pain drives gait
impairments, then clinicians should focus on optimal pain management during walking.
There are a variety of modalities that can be used to manage pain (e.g. transcutaneous
electrical stimulation), and clinicians should trial modalities to see which is most effective.
However, mobility deficits often persist even after pain is effectively managed. Fortunately,
prior work has shown that there are effective rehabilitation strategies, such as exercises that
focus on the timing and coordination of walking, that improve the energy efficiency of
walking among older adults.2* Second, clinicians should consider optimizing chronic
disease management to help reduce, or prevent rise in, the energy cost of walking. To
accomplish this, clinicians should take a more holistic approach, collecting a detailed
medical history and orchestrating interdisciplinary care (e.g. contacting primary care
physicians).

Energy capacity can be improved through a variety of exercise interventions (e.g. cycling,
ergometer, walking).2> For example, as previously mentioned, older adults with CLBPR
have difficulty walking, due to increases in leg pain. For these patients, a clinician may
choose an exercise mode that is less provocative, such as recumbent cycling. Alternatively,
clinicians may also consider selecting mobility aids that may attenuate pain provocation
during walking, such as a single point cane. Regardless, clinicians should still emphasize
that the overarching goal of treatment is to be more physically active.

Study Limitations

In addition to being small, the sample included high-functioning individuals. The testing
protocol required participants to walk for long periods without the use of an assistive
walking device, which potentially excluded more debilitated participants. To isolate the
impact that CLBPR had on these measures, individuals with significant comorbidities were
excluded. Furthermore, the CLBPR group was heterogeneous regarding clinical presentation
(e.g. symptom history ranged from 3 months to 50 years; unilateral and bilateral
presentations were included). With longstanding pain, it can be difficult for people to
estimate the exact duration of their symptoms (i.e. recall bias). The specific exclusion
criteria on potentially confounding factors, as well as the matching criteria, limited our
ability to focus on specific pain and diagnostic characteristics. However, it was necessary to
include such criteria for this study, to examine the hypotheses adequately. In future studies,
different criteria (e.g. diagnostic imaging confirmation of stenosis, duration of symptoms,
unilateral versus bilateral symptom distribution) could be used, to elucidate the potential
impact of different CLBPR-related clinical characteristics (e.g. symptom duration, sensation,
pain intensity) on energetic outcomes. Finally, one may argue that conducting the energy
efficiency test on a treadmill would allow for the fixation of walking speed, making the
energy cost results easier to interpret; however, treadmill walking artificially inflates energy
cost,26:27 therefore an over ground protocol was selected.
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Conclusion

Older adults with CLBPR are energetically inefficient, have a diminished energy capacity,
and have a clinically slower gait speed than older adults without pain. Although our study
design prevents us from concluding that these individuals are at a higher risk for mobility
decline, these two energetic factors have been shown to be linked to mobility limitation and
are potentially modifiable. Clinicians may focus on them as treatment outcomes, which may
potentially reduce the risk of onset and/or progression of disability in this patient population,
but future studies are needed.
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Highlights
. Older adults with CLBPR have poor energy efficiency and capacity

. Prior work has shown that poor efficiency and capacity contribute to worse
mobility

. Future research should identify the underlying mechanisms to these energy
deficits
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Y

Total enrolled (n = 42)

CLBPR n=21
Control n=21

v

Excluded (n = 36)

CLBPR
e Did not meet pain criteria

e Neurological disorder

e Non-mechanical low back pain
e Poor mobility

e Not interested

Control

e Had significant pain

e Did not match CLBPR participant

n= 20
n=3
n=1
n=1
n=9
n=

A

Data available for
analysis (n = 38)

CLBPR n=19
Control n=19
Figure 1.

Flow chart for study overview

v

Missing Data (n = 4)

CLBPR

e Incomplete tests n =1

e Refused n=1

Control

e Matched CLBPR with
missing data n=2
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Table 1
Descriptive characteristics
Control (n=19) CLBPR (n=19)
N (%) N (%)
Sex (female) 10 (52.6) 10 (52.6)
Diabetes (present) 4(21.1) 4(21.1)
Race (Caucasian) 19 (100) 17 (89.5)
Education (college or more) 14 (73.7) 11 (57.9)

Age (years)

Mean (SD)  Min-Max  Mean (SD)  Min-Max
68.9 (5.8) (60-80) 68.8 (4.8) (60-78)

BMI 27.9 (4.1) * (18.1-347) g3pg (8.3) *  (18.3-53.7)
Duration of CLBPR (years) - - 12.8(15.0)  (0.3-50.0)
Worst Leg Pain Intensity (0-10) - - 6.0 (3.0) (2-10)

Quebec (0-100%)

- - 344 (175)  (7.0-64.0)

Page 12

Abbreviations: CLBPR = Chronic low back pain with radiculopathy; BMI = body mass index; LBP = low back pain; Quebec = Quebec Disability

Index

*
p=.087
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Table 2

Between-group differences in energy expenditure

Control (n=19) CLBPR (n=19)
Adjusted Mean (SE)
Energy Cost of Walking Test

Energy Cost of Walking (mL/kg/m) .186 (.008) .217 (.008)

Gait Speed (m/sec) 1.11 (.03) .97 (.03)

Respiratory Exchange Ratio .784 (.010) .807 (.010)
Peak Walking VO2 Test

Peak Walking VO2 (mL/kg/min)?  17.97(.82) 15.58 (.82)

Gait Speed (m/sec) 1.55 (.06) 1.27 (.06)

Respiratory Exchange Ratio .951 (.027) .924 (.027)

Partial Eta Squared

181
195

.067

A11
.253

013

p-value

.009

.003
121

.050

*

.002
499

Abbreviations: CLBPR = Chronic low back pain with radiculopathy
*
p<.050

Tl outlier removed from each group

Arch Phys Med Rehabil. Author manuscript; available in PMC 2019 November 01.

Page 13



	Abstract
	Methods
	Participants
	Descriptive Characteristics
	Energy Cost of Walking at Self-Selected Speed (Energy Efficiency)
	Secondary Outcomes

	Peak Walking VO2 (Energy Capacity)
	Secondary Outcomes

	Statistical Analysis

	Results
	Discussion
	Study Limitations

	Conclusion
	References
	Figure 1
	Table 1
	Table 2

