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A Longitudinal Study

Abstract and Introduction

Abstract

Study Design. Longitudinal design. A cohort followed in 3 waves of data collection.

Objective. The aim of the study was to describe the relationships between the performance of 2 tests of spinal control at the age

of 52 years and low back pain, physical activity level, and fitness earlier in life, as well as to describe the cross-sectional

relationships between these measures.

Summary of Background Data. Altered spinal control has been linked to pain; however, other stimuli may also lead to inability to

control the movements of the spine.

Methods. Participants answered questions about physical activity and low back pain, and performed physical fitness tests at the

age of 16, 34, and 52 years. The fitness test battery included tests of endurance in the back and abdominal muscles, a

submaximal bicycle ergometer test to estimate maximal oxygen uptake, and measurements of hip flexion, thoracic spine flexibility,

and anthropometrics. Two tests were aggregated to a physical fitness index. At the age of 52, also 2 tests of spinal control, the

standing Waiter's bow (WB) and the supine double leg lower (LL) were performed.

Results. Logistic regression analyses showed that higher back muscle endurance at the age of 34 years could positively predict

WB performance at 52 years and higher physical fitness at the age of 34 could positively predict LL performance at 52 years.

Regarding cross-sectional relationships, an inability to perform the WB correctly was associated with lower physical fitness,

flexibility and physical activity, and larger waist circumference. An inability to correctly perform the LL was associated with lower

physical fitness. One-year prevalence of pain was not significantly associated with WB or LL test performance.

Conclusion. An active life resulting in higher physical fitness is related to better spinal control in middle-aged men and women.

This further strengthens the importance of physical activity throughout the life span.

Introduction

Motor control is a term that can be used to refer to all aspects of control of movement. There are, however, many views of how

consideration of motor control can be applied to the issue of spine control. Furthermore, it is often discussed how spine control is

related to low back pain. It has been suggested that compromised control might leave the system less able to tolerate load or

adapt to changes, thus leading to pain and/or injury.[1–5] Early laboratory studies showed that transversus abdominis,[6] lumbar

multifidus,[7] diaphragm,[8] and pelvic floor[9] muscles contribute to spine control because they attach to individual spine segments

and can "fine-tune control." Later clinical studies have investigated the control of multisegmental movements using standardized

clinical tests[5,10,11] designed to identify the pattern of movement and symptoms that characterize a person's relevant lumbar

directional tendency. In cross-sectional studies using these clinical tests it was shown that the performance is different in people

with and without pain.[5,11] It is, however, unknown whether these differences were the consequence or the cause of the

individuals' pain. Findings from experimental studies using injections of hypertonic saline to induce pain support the idea that acute

pain can cause changes in trunk muscle activity patterns.[12] Regarding the notion that nonoptimal spinal control is the cause of

low back pain (LBP), it would appear that no studies have been performed to determine this. Still, because it is known that

self-generated forces can damage tissue, activate nociceptors, and set off inflammatory responses, a nonoptimal movement

pattern could be the reason for nociceptive low back pain.[13] In fact, there is literature from the 1990s that proposes instability of

the spine to be the cause of high tissue strain, thus causing injury or pain.[14] White and Panjabi[15] defined instability as the loss

of the spine's ability to limit its movements under physiological loads such that neurological disturbances, deformation or pain, are

prevented. This leads us to the question of what factors may affect the ability to actively control movements in the lumbar spine.

As stated above, acute pain may lead to changes in muscle activity patterns,[12] but stimuli other than pain seem also to lead to

changes. For example, a study examining the thickness of the back muscles showed that disuse led to atrophy in the back

muscles.[16]

To better understand how factors such as pain, physical inactivity, and low fitness levels may contribute to the individual's inability

to control movements in the spine, we examined how previous low back pain, physical activity level, and physical test performance

affected the results of 2 tests of spinal control in middle-aged men and women. The hypothesis was that individuals who had been
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active and had higher physical capacity and no back pain would do better on the tests than would do other participants.

Materials and Methods

Study Design and Study Base

This study is a study with a longitudinal design that is described in detail elsewhere.[17] In 1974, 221 boys and 204 girls, all 16

years old, from 6 areas of Sweden were randomly assigned to the study,[18,19] during which they underwent fitness tests and

answered questionnaires about physical activity level. In 1992, when the participants had reached age 34, a follow-up was

conducted.[18] In 2010, when they had reached age 52, the authors carried out a second follow-up, which included the participants

who lived, at the time of the testing, in and around the 6 areas. Fifty-five percent of the invited participants agreed to be tested,

and 77% answered the questionnaires. Figure 1 shows a flow chart including dropouts. The representativeness of these

participants has been described:[17] they were representative of the original study cohort in terms of sex, body composition, and

muscular strength and endurance, but not in terms of physical activity level at 16 years of age.
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Figure 1.

Description of participants and dropouts in 2010.

Test Procedure

The participants received a written invitation to participate in the second follow-up testing. The invitation letter also included

questionnaires. The study received ethical approval from the Regional Ethical Review Board in Umeå, Sweden, Ref. No. 09-082M.

The participants gave their written consents.

Measurements
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Tests of Spinal Control. Motor control has been operationally defined as involving "how the central nervous system organizes

muscles into coordinated movements, how sensory information is used to select and control movement, and how our movement

patterns are influenced by our perceptions."[20] Two standardized tests commonly used in clinical work to investigate motor control

were chosen to assess the individual's ability to control movements in the spine, that is, spinal control: the standing "Waiter's bow"

(WB) for the ability to control flexion movements and the "supine double leg lower test" (LL) for the ability to control extension

movements.[4] The WB is a low-load test, whereas the LL a high-load test and therefore demands a higher amount of muscle

activity than does the WB. To perform the tests correctly, the participant had to be able to isometrically activate the stabilizing

muscles of the trunk to keep the spine in a neutral position while performing the hip movement. To enhance the understanding of

the tests, the participants were given the opportunity to try the movement before testing. If the participant did not understand how

to perform the test, it was explained again. If the participant could not prevent flexion or extension in the lumbar spine,

respectively, during the testing, the movement was considered incorrectly performed.[3,10]

WB was performed in standing position, and the test leader guided the participant to position the spine in a neutral position, that is,

the midrange between anterior and posterior pelvic tilt. The participant was then instructed to keep the spine in this position while

performing a forward bend with hip flexion. The test was considered correct (scored 1) if the participant could bend forward to

approximately 50 degrees without leaving the neutral position of the lumbar spine.[10] The test was evaluated by palpation and

visual inspection.

The LL was performed in supine crook lying position with the pelvis relaxed in neutral position and with a Pressure Biofeedback

Unit (PBU) centered about L3. The PBU was inflated to a baseline pressure of 40 mm Hg to maintain the neutral lower back.[21]

The participant's feet were passively lifted from the floor until the hip and knee angles were 90 degrees, and then the neutral

position of the lower back was corrected to maintain the pressure of 40 mm Hg. Thereafter the participant was asked to slowly and

simultaneously lower both heels with flexed knees toward the floor while maintaining a neutral spine position throughout the

movement. The maximal pressure change during the test was noted. The PBU is sensitive to small movements associated with

deep muscle recruitment within 2 mm Hg of pressure change.[22] The test was correct (scored 1) if the participant could lower both

heels toward the floor and hold them steady for a few seconds a few millimeters above the floor and at the same time keep the

PBU pressure steady at 38 to 42 mm Hg.

Possible Predictors. Information about physical activity level was collected from questionnaires. At the age of 16, the participants

answered whether they had a membership in a sports club (yes/no).[26] At the ages of 34 and 52, information about adult

leisure-time physical activities was collected, detailing activity type, frequency, and intensity.[19,27] This information formed the

basis for calculating a Metabolic Equivalent of Task Index (MET Index), expressed in MET hours per week. A detailed description

of these calculations was presented for the first follow-up in 1994.[28]

shows the fitness tests performed in 1974, 1992, and 2010, and their reliability. All tests were standardized, and the order of the

tests was arranged so that they would not interfere with each other. Reliability for the tests from 1974 and 1992 shows inter-rater

reliability and both adolescent and adult men and women were tested. In 2010, the inter- and intrarater reliability of the supine

double leg lower test was investigated on 35 participants in the 20 to 65 age group.

Table 1.  Physical Capacity and Flexibility Tests Performed in 1974, 1992, and 2010 Included in Analyses

1974 1992 2010 Reliability

Movement control

   Waiter's bow (yes/no)4 — — X 0.62*,†/0.88†,‡

   Supine double leg lower (yes/no)21 — — X 0.73*,§,||

Fitness

   Endurance in back muscles (s)18,23 — X X 0.80§,¶

   Endurance in abdominal muscles (no.)18,23 — X X 0.92§,¶

   Oxygen uptake (mL × kg−1 − min−1)24 — X X 0.88§,¶/0.88§,¶ (27)

   Hip flexion (degree)18,23,25 — X X 1.4*,††/0.9‡,††

   Hip extension (degree)18,23,25 — X X 1.2*,††/0.7‡,††

   Thoracic spine extension23 — X X 0.77¶,**

*Intertester reliability.
†Kappa coefficient.
‡Intratester reliability.
§Product-moment correlation coefficient.
||Unpublished results.
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¶Test–retest reliability.

**Spearman correlation coefficient.
††Coefficient of variation (CV%).

Static endurance in the back muscles was measured in prone position with the trunk horizontal outside the test bench. The subject

was to hold the lifted position for as long as possible. The time was expressed in seconds, and one trial[18] was performed.

For dynamic endurance in the abdominal muscles, crunches were performed. The participant lay in a supine position with the

hands on opposite shoulders, and hips and knees at 90 degrees with support. The participant was instructed to curl up until their

shoulder blades were above a mark on the testing mat, which was related to body length, as many times as possible at the rate of

25 per minute.[18,23] Correctly performed curl-ups (above the mark) were counted. One trial was performed.

As a measure of aerobic capacity, a submaximal exercise test was used to estimate maximal oxygen uptake (VO2max, expressed

in mL × kg−1 × min−1).[24] The test was performed on a bicycle ergometer, and the participant's heart rate was determined using a

pulse watch (Polar Sport Tester, Polar Electro OY, Kempele, Finland) with a chest strap.

In addition, the crunches and bicycle ergometer test were aggregated to a physical fitness index representing general physical

fitness, by first dividing each test into 5 groups according to test results (the 5 percentiles). The rank orders for crunches and

bicycle ergometer test results were then added, producing a sum for each participant ranging from 2 to 10, higher numbers

representing a higher fitness level. The reason for including these tests in the index is that they were the only tests that were highly

correlated on all 3 test occasions.

For hip flexion range of motion (ROM), the degree of hip flexion and extension on the right side of the body was tested using a

goniometer (Myrin).[18] For thoracic spine extension flexibility, the test was performed in a standing position and one mark was

placed on the 7th neck vertebra and one 30 cm below. Range of movement was expressed in centimeters as the difference in the

distance between the marks for a straight back and an extended back.[18]

Low Back Pain. A question from the Nordic Musculoskeletal Questionnaire[29] was answered.[19,27] The participants answered

Yes (scored 1) or No (scored 0) to "Have you at any time during the last 12 months had a problem (aches, pains, or discomfort) in

your lower back?"

Anthropometrics. Height (cm), weight (kg), and waist circumference (cm) were measured, and body mass index (kg × m−2) was

calculated.

Data Handling and Analyses

Descriptive statistics are provided in terms of means and standard deviations for continuous and normally distributed variables, by

percentage for dichotomized variables, and by median and range for the other variables. Independent-samples t tests were used

for continuous variables and χ2 tests for dichotomized variables to determine whether sex differences existed. For non-normally

distributed data, the Mann-Whitney U test was used.

Possible relationships were analyzed using univariate logistic regression analyses with performance in WB and LL, respectively,

as dependent variables, and physical activity level, physical test performance, LBP and anthropometrics, in 1974, 1992, and 2010,

as independent variables. Because we also aimed to test for sex differences with regard to the outcome variable, we included sex

in the analyses, allowing for interaction effect in the univariate modeling of the data. If the interaction variable had a significant

effect, the same analyses were repeated for men and women separately. Because the analyses revealed several factors to be

associated with WB, we thereafter performed step-wise forward logistic regression analyses.

P value less than or equal to 0.05 was regarded as a statistically significant level. All statistical analyses were performed using the

PASW Statistics, version 20.0.

Results

At the age of 52, there were no differences between men and women in static back muscle endurance, VO2max, or thoracic spine

extension (). The men, however, had significantly higher endurance in the abdominal muscles than did the women, and the women

had significantly greater hip flexion and extension than did the men.

Table 2.  Background Characteristics (Mean and [SD]) for the Study Population Tested in 2010

Men (n=114) Women (n=99)

Static back muscle endurance 2010 (s) 103 (55) 120 (71)

Endurance in abdominal muscles 2010 (no.) 45 (30) 35 (43)
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VO2max 2010 (mL × kg−1 × min−1) 32.6 (8.1) 33.2 (11.0)

Hip flexion 2010 (degree) 80 (13) 92 (12)

Hip extension 2010 (degree) 91 (9) 96 (13)

Thoracic spine extension 2010 (cm) 1.9 (1.1) 2.1 (1.1)

Low back pain or discomfort—12 mo (%) 51 48

Height (cm) 180 (7) 168 (6)

Weight (kg) 87 (13) 72 (14)

Waist circumference (cm) 98 (10) 88 (12)

Body mass index (kg × m−2) 26.7 (3.5) 25.6 (4.3)

Bold numbers indicate a significant (P<0.05) difference between men and women.

A higher percentage of the participants were able to correctly perform the WB than were able to correctly perform the LL.

Significantly more women than men were able to correctly perform the WB ().

Table 3.  Number and Percentage of the Participants Who Correctly Performed the Tests of Movement Control

Men (n=114) Women (n=9) P Value for Sex Difference

Waiter's bow 49 (43%)* 63 (64%)† 0.003

Supine double leg lower test 22 (19%)‡ 29 (29%)§ 0.103

*2 dropouts.
†3 dropouts.
‡4 dropouts.
§7 dropouts.

Univariate Logistic Regression Analyses

Static back muscle endurance at the age of 34 could significantly predict WB performance at the age of 52 (). Regarding cross-

sectional relationships at the age of 52, the general physical fitness index, degree of hip flexion, thoracic spine flexibility, waist

circumference, and METs were significantly associated with being able to correctly perform the WB (). No significant interactions

between sex and the variables were found.

Table 4.  Results of the Univariate Logistic Regression Analyses That Were Used to Test Which of the Variables That Were

Related to the Performance of Waiter's Bow

OR 95% CI P n

Physical fitness, 1992 1.11 0.91–1.37 0.30 171

Physical fitness, 2010 1.37 1.10–1.71 0.01 180

Hip flexion, 1992 (degree) 1.00 0.95–1.06 0.94 173

Hip flexion, 2010 (degree) 1.03 1.00–1.08 0.05 203

Hip extension, 1992 (degree) 0.90 0.86–1.00 0.79 173

Hip extension, 2010 (degree) 1.02 0.99–1.06 0.18 203

Thoracic spine flexibility, 1992 (cm) 0.77 0.48–1.21 0.27 172

Thoracic spine flexibility, 2010 (cm) 1.67 1.08–2.58 0.02 208

Endurance in the back muscles, 1992 (s) 1.01 1.00–1.02 0.04 172

Endurance in the back muscles, 2010 (s) 1.00 0.99–1.01 0.63 198

Low back pain—1-yr prevalence 1992 0.44 0.18–1.07 0.07 196

Low back pain—1-yr prevalence 2010 0.80 0.34–1.88 0.610 205

Anthropometrics

   BMI 1974 (kg × m−2) 0.95 0.78–1.16 0.62 207
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   BMI 1992 (kg × m−2) 1.05 0.99–1.10 0.07 173

   BMI 2010 (kg × m−2) 0.91 0.82–1.00 0.05 207

Waist circumference 1992 (cm) 0.94 0.88–1.01 0.07 170

Waist circumference 2010 (cm) 0.96 0.92–0.99 0.02 208

The MET 1992 0.99 0.91–1.08 0.81 196

The MET 2010 1.05 1.00–1.09 0.04 207

Membership in a sports club 1974 0.77 0.26–2.63 0.68 197

In all analyses sex and sex × the variable were included. A correctly performed test was coded 1 and not being able to correctly

perform the test was coded 0, P value less than 0.05 is marked bold. BMI indicates body mass index; MET, Metabolic Equivalent

of Task; OR, odds ratio; CI, confidence interval.

Table 4.  Results of the Univariate Logistic Regression Analyses That Were Used to Test Which of the Variables That Were

Related to the Performance of Waiter's Bow

OR 95% CI P n

Physical fitness, 1992 1.11 0.91–1.37 0.30 171

Physical fitness, 2010 1.37 1.10–1.71 0.01 180

Hip flexion, 1992 (degree) 1.00 0.95–1.06 0.94 173

Hip flexion, 2010 (degree) 1.03 1.00–1.08 0.05 203

Hip extension, 1992 (degree) 0.90 0.86–1.00 0.79 173

Hip extension, 2010 (degree) 1.02 0.99–1.06 0.18 203

Thoracic spine flexibility, 1992 (cm) 0.77 0.48–1.21 0.27 172

Thoracic spine flexibility, 2010 (cm) 1.67 1.08–2.58 0.02 208

Endurance in the back muscles, 1992 (s) 1.01 1.00–1.02 0.04 172

Endurance in the back muscles, 2010 (s) 1.00 0.99–1.01 0.63 198

Low back pain—1-yr prevalence 1992 0.44 0.18–1.07 0.07 196

Low back pain—1-yr prevalence 2010 0.80 0.34–1.88 0.610 205

Anthropometrics

   BMI 1974 (kg × m−2) 0.95 0.78–1.16 0.62 207

   BMI 1992 (kg × m−2) 1.05 0.99–1.10 0.07 173

   BMI 2010 (kg × m−2) 0.91 0.82–1.00 0.05 207

Waist circumference 1992 (cm) 0.94 0.88–1.01 0.07 170

Waist circumference 2010 (cm) 0.96 0.92–0.99 0.02 208

The MET 1992 0.99 0.91–1.08 0.81 196

The MET 2010 1.05 1.00–1.09 0.04 207

Membership in a sports club 1974 0.77 0.26–2.63 0.68 197

In all analyses sex and sex × the variable were included. A correctly performed test was coded 1 and not being able to correctly

perform the test was coded 0, P value less than 0.05 is marked bold. BMI indicates body mass index; MET, Metabolic Equivalent

of Task; OR, odds ratio; CI, confidence interval.

The general physical fitness index at the age of 34 could significantly predict LL performance at the age of 52 (). Regarding cross-

sectional relationships at the age of 52, the general physical fitness index was significantly associated with being able to correctly

perform the LL (). No significant interactions between sex and the variables were found.

Table 5.  Results of the Univariate Logistic Regression Analyses That Were Used to Test Which of the Variables That Were

Related to the Performance of Supine Double Leg Lower Test

OR 95% CI P n
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Physical fitness, 1992 1.26 1.00–1.59 0.05 166

Physical fitness, 2010 1.25 1.02–1.54 0.03 178

Hip flexion, 1992 (degree) 1.01 0.96–1.07 0.64 167

Hip flexion, 2010 (degree) 1.10 0.97–1.05 0.60 200

Hip extension, 1992 (degree) 0.97 0.89–1.07 0.57 167

Hip extension, 2010 (degree) 0.99 0.96–1.02 0.48 202

Thoracic spine flexibility, 1992 (cm) 1.37 0.84–2.23 0.21 166

Thoracic spine flexibility, 2010 (cm) 1.18 0.79–1.75 0.42 202

Endurance in the back muscles, 1992 (s) 1.00 1.00–1.00 0.75 166

Endurance in the back muscles, 2010 (s) 1.00 0.99–1.01 0.92 194

Low back pain—1-yr prevalence 1992 0.51 0.21–1.28 0.15 190

Low back pain—1-yr prevalence 2010 0.85 0.35–2.04 0.72 205

Anthropometrics

BMI 1974 (kg × m−2) 1.07 0.87–1.32 0.51 202

BMI 1992 (kg × m−2) 0.97 0.92–1.03 0.32 167

BMI 2010 (kg × m−2) 0.96 1.00–1.09 0.52 201

Waist circumference 1992 (cm) 1.03 0.97–1.10 0.37 165

Waist circumference 2010 (cm) 0.90 0.96–1.03 0.73 202

The MET 1992 1.06 0.98–1.16 0.17 190

The MET 2010 0.99 0.68–1.02 0.60 202

Membership in a sports club 1974 1.91 0.74–4.89 0.18 191

In all analyses sex and sex × the variable were included. A correctly performed test was coded 1 and not being able to correctly

perform the test was coded 0, P value less than 0.05 is marked bold. BMI indicates body mass index; MET, Metabolic Equivalent

of Task; OR, odds ratio; CI, confidence interval.

Table 5.  Results of the Univariate Logistic Regression Analyses That Were Used to Test Which of the Variables That Were

Related to the Performance of Supine Double Leg Lower Test

OR 95% CI P n

Physical fitness, 1992 1.26 1.00–1.59 0.05 166

Physical fitness, 2010 1.25 1.02–1.54 0.03 178

Hip flexion, 1992 (degree) 1.01 0.96–1.07 0.64 167

Hip flexion, 2010 (degree) 1.10 0.97–1.05 0.60 200

Hip extension, 1992 (degree) 0.97 0.89–1.07 0.57 167

Hip extension, 2010 (degree) 0.99 0.96–1.02 0.48 202

Thoracic spine flexibility, 1992 (cm) 1.37 0.84–2.23 0.21 166

Thoracic spine flexibility, 2010 (cm) 1.18 0.79–1.75 0.42 202

Endurance in the back muscles, 1992 (s) 1.00 1.00–1.00 0.75 166

Endurance in the back muscles, 2010 (s) 1.00 0.99–1.01 0.92 194

Low back pain—1-yr prevalence 1992 0.51 0.21–1.28 0.15 190

Low back pain—1-yr prevalence 2010 0.85 0.35–2.04 0.72 205

Anthropometrics

BMI 1974 (kg × m−2) 1.07 0.87–1.32 0.51 202

BMI 1992 (kg × m−2) 0.97 0.92–1.03 0.32 167
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BMI 2010 (kg × m−2) 0.96 1.00–1.09 0.52 201

Waist circumference 1992 (cm) 1.03 0.97–1.10 0.37 165

Waist circumference 2010 (cm) 0.90 0.96–1.03 0.73 202

The MET 1992 1.06 0.98–1.16 0.17 190

The MET 2010 0.99 0.68–1.02 0.60 202

Membership in a sports club 1974 1.91 0.74–4.89 0.18 191

In all analyses sex and sex × the variable were included. A correctly performed test was coded 1 and not being able to correctly

perform the test was coded 0, P value less than 0.05 is marked bold. BMI indicates body mass index; MET, Metabolic Equivalent

of Task; OR, odds ratio; CI, confidence interval.

Step-wise Forward Logistic Regression Analyses

In the step-wise forward logistic regression analyses, waist circumference at the age of 52 (P = 0.002) remained significantly

associated with WB.

Discussion

Approximately 60% of the women and 50% of the men performed the WB correctly, whereas approximately a quarter of the

women and a quarter of the men performed the LL correctly. It is not easy to compare these percentages with percentages in other

populations because there are very few studies that have investigated the test performance in representative populations. When

comparing the results to the study by Luomajoki et al,[11] which included 108 patients with low back pain and 102 healthy controls,

the percentages of men and women passing the tests in our study seemed somewhat low. In Luomajoki et al's study,[11] the

patients correctly performed about 4 of the 6 spinal control tests (of which one was the WB) included in the test battery, and that

the healthy controls were able to nearly pass all tests. First, we thought that the lower percentages in our study might be due to

the fact that our participants were older, given that it is presumably harder for older individuals to pass the tests; however, in a later

study[30] it was shown that among marines on active duty (men, mean age 29 ± 6) more than 50% did not pass the WB test. This

suggests that factors other than age could influence people's ability to pass the WB test, in which case the percentages in our

study, however, could reflect how many middle-aged men and women are likely to pass the tests. Namely, drop-out analyses have

shown that those who participated in this second follow-up at the age of 52 years are still representative of the initial study cohort

in terms of sex, body composition, and muscular strength and endurance.[17]

More women than men were able to correctly perform the WB. No earlier study has investigated whether middle-aged men have

less ability to control flexion movements in the trunk than do women. A study examining the effect of sex on the ability of adults

with LBP to reduce lumbo-pelvic motion, however, showed that men demonstrated greater lumbo-pelvic rotation and less hip

rotation during lumbo-pelvic rotation than did women,[31] indicating that there are differences in movement patterns. We conclude

that differences between men and women regarding spinal control seem to be present. Whether these differences are influenced

by physical activity level, inherited, or learned need to be further studied.

The ability to prevent movements in the lumbar spine while moving the hip joints is considered to be highly associated with having

or having had low back pain.[4,11,32] This was not true for the participants in the present study. Instead, it appears that sufficient

physical fitness during the life span and the endurance of the back muscles might be some of the key factors in people's ability to

voluntarily control flexion and/or extension movements in the lumbar spine in the middle age. The associations between acute low

back pain and altered muscle activity patterns that have been shown earlier[12] could be normal adaptation to pain during the

healing process.[33] There is, according to the results of this cohort study, reason to believe that when the acute pain fades, the

ability to perform flexion and/or extension tests of spinal control might restore in some of the patients. A physical examination of

the patients' individual movement dysfunctions therefore seems important. In a longer perspective, it would appear that sufficient

physical fitness and endurance of the back muscles are important for spinal control. The finding that waist circumference was

significantly associated with WB in the multiple logistic regression analyses, that is, a large waist circumference was associated

with not being able to pass WB, further suggests that an active life is related to better control of spine motion.

Regarding the cross-sectional relationships, having lower hip-flexion ROM and thoracic spine flexibility were associated with not

being able to perform the WB correctly. The fact that passive tissue characteristics and/or muscle stiffness[4,32] can affect test

performance has been shown earlier. According to the relative flexibility theory,[4] movement occurs through the pathway of least

effort. This means that if the hamstrings muscles are short or relatively stiff compared with the low back, then the flexion

movement is more likely to happen in the lumbar spine.

Studies have shown that the motor control of the spine can be changed with exercises.[34] The spine is, however, controlled by a

complex interplay of many muscles, and this might be the reason why the specific features of exercises, which are addressed in

books and research studies, differ. Some approaches highlight exercises targeting the deeper muscles of the trunk,[1] whereas
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others highlight correction of movement faulty movement pattern.[2,4]

Methodological Considerations

The tests of spinal control included in the present study were highly standardized and performed on every participant, and we are

aware that not being able to pass the WB or LL could be an adaptive movement pattern in some of the participants.

Although a large number of (univariate) models were conducted, we did not consider it necessary to adjust for multiplicity. The

reason is that the cross-sectional analyses revealed 4 of 9 factors to be statistically significantly correlated with WB. This is

considerably above the number that could be expected by chance (1/20) if factors are independent. Therefore, we find these 4

factors to be scientifically important. Regarding longitudinally data, we, however, found 1 of 12 factors to be statistically

significantly correlated with WB and LL, respectively. This is what can be expected to come out by chance. Therefore, we needed

to be careful in our conclusion of a true relationship between endurance of the back muscles and WB and between physical fitness

and LL.

Conclusion

An active life resulting in higher physical fitness is related to better control of spine motion in middle-aged men and women. This

further strengthens the importance of physical activity throughout the life span.

Sidebar

Key Points

An active life resulting in higher physical fitness is related to better control of spine motion in middle-aged men and women.

Longitudinal and cross-sectional relationships between spinal motor control and physical fitness and activity differ.

One-year prevalence of pain was not significantly associated with WB or LL test performance in middle-aged men and

women.

References

Lumbar Spine: Treatment of instability and disorders of movement control. Hodges P, Ferreira PH, Ferreira ML. In: Magee

DJ, Zachazewski JE, Quillen WS, editors. Pathology and Intervention in Musculoskeletal Rehabilitation 1st ed.

Philadelphia, PA: Elsevier; 2009. pp. 389–425.

1. 

McGill SM. Low Back Disorders: Evidence Based Prevention and Rehabilitation, 2nd ed Champaign, IL: Human Kinetics;

2007.

2. 

Mottram S, Comerford M. A new perspective on risk assessment. Phys Ther Sport 2008;9:40–51.3. 

Sahrmann SA. Diagnosis and Treatment of Movement Impairment Syndromes, 1st ed St. Louis, MO: Mosby; 2002.4. 

Van Dillen LR, Maluf KS, Sahrmann SA. Further examination of modifying patient-preferred movement and alignment

strategies in patients with low back pain during symptomatic tests. Man Ther 2009;14:52–60.

5. 

Hodges PW, Richardson CA. Feedforward contraction of transversus abdominis is not influenced by the direction of arm

movement. Exp Brain Res 1997;114:362–70.

6. 

Moseley GL, Hodges PW, Gandevia SC. Deep and superficial fibers of the lumbar multifidus muscle are differentially active

during voluntary arm movements. Spine 2002;27:E29–36.

7. 

Hodges PW, Butler JE, McKenzie DK, et al. Contraction of the human diaphragm during rapid postural adjustments. J

Physiol 1997;505 (pt 2):539–48.

8. 

Hodges PW, Sapsford R, Pengel LH. Postural and respiratory functions of the pelvic floor muscles. Neurourol Urodyn

2007;26:362–71.

9. 

Luomajoki H, Kool J, de Bruin ED, et al. Reliability of movement control tests in the lumbar spine. BMC Musculoskelet

Disord 2007;8:90.

10. 

Luomajoki H, Kool J, de Bruin ED, et al. Movement control tests of the low back; evaluation of the difference between

patients with low back pain and healthy controls. BMC Musculoskelet Disord 2008;9:170.

11. 

http://www.medscape.com/viewarticle/855953_print

10 de 12 06/01/2016 7:53



Cobb CR, deVries HA, Urban RT, et al. Electrical activity in muscle pain. Am J Phys Med 1975;54:80–7.12. 

Smart KM, Blake C, Staines A, et al. Mechanisms-based classifications of musculoskeletal pain: part 3 of 3: symptoms and

signs of nociceptive pain in patients with low back (R/-leg) pain. Man Ther 2012;17:352–7.

13. 

Panjabi MM. The stabilizing system of the spine. Part I. Function, dysfunction, adaptation, and enhancement. J Spinal

Disord 1992;5:383–9.

14. 

White AA, Panjabi MM. Clinical Biomechanics of the Spine, 2nd ed Philadelphia, PA: Lippincott; 1990.15. 

Hides JA, Belavy DL, Stanton W, et al. Magnetic resonance imaging assessment of trunk muscles during prolonged bed

rest. Spine 2007;32:1687–92.

16. 

Aasa U, Lundell S, Barnekow-Bergkvist M, et al. The Swedish physical activity and fitness cohort born in 1958: drop out

analysis and overview at 36 years follow-up. Scand J Med Sci Sports in press June 2015.

17. 

Barnekow-Bergkvist M, Hedberg G, Janlert U, et al. Development of muscular endurance and strength from adolescence to

adulthood and level of physical capacity in men and women at the age of 34 years. Scand J Med Sci Sports

1996;6:145–55.

18. 

Barnekow-Bergkvist M, Hedberg G, Janlert U, et al. Physical activity pattern in men and women at the ages of 16 and 34

and development of physical activity from adolescence to adulthood. Scand J Med Sci Sports 1996;6:359–70.

19. 

Shumway-Cook A, Woollacott MH. Motor Control: Translating Research into Clinical Practice, 4th ed Philadelphia, PA:

Lippincott; 2012.

20. 

Richardson C, Jull G, Toppenberg R, et al. Techniques for active lumbar stabilisation for spinal protection: a pilot study. Aust

J Physiother 1992;38:105–12.

21. 

Hodges P, Richardson C, Jull G. Evaluation of the relationship between laboratory and clinical tests of transversus

abdominis function. Physiother Res Int 1996;1:30–40.

22. 

Bergkvist M, HG, Rahm M. Utvärdering av test för bedömning av styrka, rörlighet och koordination. Solna: Arbetsmiljö

institutet; 1992.

23. 

Å strand P-O. Textbook of Work Physiology: Physiological Bases of Exercise, 4th ed Champaign, IL: Human Kinetics; 2003.24. 

Ekstrand J, Wiktorsson M, Oberg B, et al. Lower extremity goniometric measurements: a study to determine their reliability.

Arch Phys Med Rehabil 1982;63:171–5.

25. 

Jansson E, Hedberg G. Skeletal muscle fibres in teenagers: relationship to physical performance and physical activity.

Scand J Med Sci Sports 1991;1:31–44.

26. 

Bergkvist M HG, Rahm M. Report from the Swedish National Institute for working life 1992:5, The design and reliability of a

questionnaire to identify work-related factors, health and physical activity [in Swedish]. Vol 5. Solna: Arbetsmiljö institutet;

1992.

27. 

Barnekow-Bergkvist M, Hedberg G, Janlert U, et al. Prediction of physical fitness and physical activity level in adulthood by

physical performance and physical activity in adolescence—an 18-year follow-up study. Scand J Med Sci Sports 1998;8(5

pt 1):299–308.

28. 

Kuorinka IA, Jonsson B, A ° K. Standard Nordic questionnaires for the analysis of musculoskeletal symptoms. Appl Ergon

1987;18:233–7.

29. 

Monnier A, Heuer J, Norman K, et al. Inter- and intra-observer reliability of clinical movement-control tests for marines.

BMC Musculoskelet Disord 2012;13:263.

30. 

Hoffman SL, Johnson MB, Zou D, et al. Gender differences in modifying lumbopelvic motion during hip medial rotation in

people with low back pain. Rehabil Res Pract 2012;2012:635312.

31. 

Comerford M, Mottram S. Kinetic Control. The Management of Uncontrolled Movement. Chatswood, Australia: Churchill

Livingstone/Elsevier; 2012.

32. 

Hodges PW, Tucker K. Moving differently in pain: a new theory to explain the adaptation to pain. Pain 2011;152 (3

suppl):S90–8.

33. 

http://www.medscape.com/viewarticle/855953_print

11 de 12 06/01/2016 7:53



Acknowledgments
The authors would like to express particular gratitude to Margareta Barnekow-Bergkvist for generously sharing her extensive
knowledge.

Spine. 2015;40(24):1926-1933. © 2015  Lippincott Williams & Wilkins

This website uses cookies to deliver its services as described in our Cookie Policy. By using this website, you agree to the use of
cookies.
close

Aasa B, Berglund L, Michaelson P, et al. Individualized low-load motor control exercises and education versus a high-load

lifting exercise and education to improve activity, pain intensity, and physical performance in patients with low back pain: a

randomized controlled trial. J Orthop Sports Phys Ther 2015;45:77–85.

34. 

http://www.medscape.com/viewarticle/855953_print

12 de 12 06/01/2016 7:53


