Eur Spine J (2005) 14: 454-465
DOI 10.1007/s00586-004-0787-0

ORIGINAL ARTICLE

Anne F. Mannion
Jiri Dvorak
Markus Miintener
Dieter Grob

Received: 17 October 2003
Revised: 12 April 2004
Accepted: 13 July 2004
Published online: 14 April 2005
© Springer-Verlag 2005

A. F. Mannion (<) - J. Dvorak - D. Grob
Spine Unit, Schulthess Klinik,

Lengghalde 2, 8008 Ziirich, Switzerland
E-mail: anne.mannion@kws.ch

Tel.: +41-44-385 7584

Fax: +41-44-385 7590

A. F. Mannion

Department of Rheumatology

and Institute of Physical Medicine,
University Hospital Ziirich,
Zirich, Switzerland

M. Miintener

Institute of Anatomy,
University of Ziirich and ETH,
Zirich, Switzerland

A prospective study of the interrelationship
between subjective and objective measures
of disability before and 2 months after lumbar
decompression surgery for disc herniation

Abstract The value of range of mo-
tion (ROM) as an indicator of
impairment associated with spinal
problems, and in monitoring chan-
ges in response to treatment, is a
controversial issue. The aim of this
study was to examine the interrela-
tionship between subjective disabil-
ity (Roland-Morris scores) and
objectively measured impairment
(ROM), both before and in response
to spinal decompression surgery, in
an older group of patients with her-
niated lumbar disc (DH). Seventy-
six individuals took part in the
study: 33 patients (mean age

57 years, SD 9 years) presenting
with DH and for whom decompres-
sion surgery was planned, and 43
controls (mean age 57 years, SD

7 years), with no history of back
pain requiring medical treatment. In
the patient group, pain intensity (leg
and back; visual analog score), self-
rated disability (Roland-Morris
score), certain psychological attri-
butes, and ROM of the spine (Spinal
Mouse) were measured before and
2 months after decompression sur-
gery. In addition, the patients rated
the success of surgery on a 1-5 Lik-
ert scale. The pain-free control
group performed only the tests of
spinal mobility. Before surgery,
compared with matched controls,
significantly lower values were ob-
served in the DH patients for
standing lumbar lordosis (p=0.01),
and for range of flexion of the lum-

bar spine (ROFyppar) (p=0.0006),
but not of the hips (ROFy;;,)
(p=0.14). Roland-Morris Disability
scores correlated significantly with
ROFympar (r=0.61, p=0.0002), but
less well with ROFy,;,(r =0.43,
p=0.01). Two months after surgery,
there were significant reductions in
back pain and leg pain (p=0.0001)
and in Roland-Morris Disability
scores (p=0.019). There was also a
significant decrease in the group
mean values for lumbar lordosis
angle (i.e., a “flatter” spine after
surgery, p=0.002) and ROFyypar
(p=0.038). ROFy,;, showed a (non-
significant) tendency to increase
(»=10.08) towards normal control
values. As a result of these two
opposing changes, the range of total
trunk flexion showed no significant
changes from pre-surgery to

2 months post-surgery (p =0.60). On
an individual basis, there was a
highly significant relationship be-
tween the change in self-rated dis-
ability scores and the change in
ROF | umpar, pre-surgery- to 2 months
post-surgery (r= —0.82; p<0.0001).
Changes in ROFy,;, showed no such
relationship (r= -0.30, p=0.10).
The patients in the “poor’ outcome
group (“‘surgery didn’t help”; 9%)
had a significantly greater reduction
in ROF | mpar post-surgery compared
with the “good” outcome group
(““surgery helped”; 91%) (p=0.04).
In stepwise linear regression, the
change in ROF ,par Was the only
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variable accounting for the change
in self-rated disability pre-surgery to
post-surgery (variables not included:
pain intensity, psychological fac-
tors). The pivotal role of lumbar
mobility in explaining disability
emphasizes the importance of mea-
suring lumbar and hip ranges of
motion separately, as opposed to

“global trunk motion.” In the pa- ing surgery.

Introduction

The important distinction between physical impairment
(defined as objective structural/physiological limitation)
and disability (the resulting loss of function) has been
highlighted by a number of authors [35, 41, 57]. Dis-
ability is a good clinical assessment of severity in low
back disorders (70). One might expect that an individ-
ual’s disability would be strongly determined by his/her
level of physical impairment, as it is in other joint
complaints. However, in the case of low back pain (LBP)
the relationship between these two variables is often
complicated. This may be the result of the confounding
influence of various cognitive and affective factors on
self-ratings of disability, or a consequence of insufficient
unequivocal methods for assessing physical impairment.

Painful disorders and injuries of the spine commonly
result in dysfunctions of motion, manifest as either
restrictions in global movement capacity or aberrant
segmental movements [45, 49, 54]. Range of motion
(ROM) of the lumbar spine is currently the only measure
included in popular published guidelines for the assess-
ment of impairment associated with low back pain [3].
As such, measures of ROM are frequently employed as
the main objective outcome criterion in quantifying the
effects of various treatments for back pain [11, 18, 23,
28, 32, 51]. Nonetheless, the value of objective measures
of spinal mobility in assessing dysfunction and in mon-
itoring changes following treatment remains a highly
controversial issue within the spine research community.

It has been suggested that self-report questionnaires
of disability are of greater relevance in assessing the
severity of the back problem or the outcome after
treatment than are so-called objective measures of
impairment, such as ROM [14]. Self-rated disability re-
flects not only the patient’s actual physical (structural or
physiological) incapacity but also their (sometimes
erroneous) perception of their disability, which itself is
known to be influenced by a number of negative psy-
chological attributes [33, 55]. As these same psycholog-
ical factors also determine whether the patient rates a
given treatment as successful, or deems himself capable

tient group examined, the determi-
nation of lumbar spinal mobility
provides a valid, objective measure
of function, that shows differences
from normal matched controls, that
correlates well with self-rated dis-
ability, and the changes in which
correlate extremely well with sub-
jective changes in disability follow-
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of resuming employment/needing further treat-
ment—the gold standard criteria often used to assess the
utility of various surrogate measures—it seems natural
that self-reports of disability will correlate better with
these gold-standard measures than will objective mea-
sures of impairment alone.

A recent systematic review of studies investigating the
correlation between lumbar ROM scores and spinal
disability and function reported that the results were
“inconclusive” [49]. Most commonly, if any relationship
was seen at all, the coefficients of correlation ranged
between just 0.3 and 0.5, indicating that, within a group
of patients, the variation in ROM measures accounted
for a meagre 9-25% of the variance in self-rated dis-
ability. Notably, many of the studies included in the
review had been carried out on patients with chronic,
nonspecific LBP, for whom the relationship between
subjective and objective measures may intuitively be
expected to be less than optimal.

In the search for valid objective indices of impairment,
it is possible that ROM measures may not be the unique or
ultimate solution for the assessment of all spinal prob-
lems, but may still have a decisive role to play with regard
to specific diagnoses in which restrictions in movement
are typically a major feature of the clinical picture.

The aim of the present study was to examine the
relationship between objectively measured impairment
and subjectively measured disability in a group of pa-
tients (>45 years old) diagnosed with lumbar disc her-
niation (DH) due to undergo decompression surgery.
Firstly, in a baseline cross-sectional analysis, spinal
ROM of DH patients before surgery was compared with
that of matched controls. Further, in the DH patient
group, the correlation between spinal ROM and self-
rated disability (Roland-Morris scores) was examined.
Then, in a prospective manner, the relationship between
individual changes in these objective (ROM) and sub-
jective (Roland-Morris scores) measures, pre-surgery to
post-surgery, was determined. In each case, using
regression analysis, the relative influence of the ROM
measures in explaining the variance in Roland-Morris
scores was examined in relation to the influence of
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psychological and pain characteristics, in order to
identify the variables of greatest importance in explain-
ing self-rated disability in this patient group.

Methods
Overview of study

The study group comprised patients diagnosed with
lumbar disc herniation who were referred to the hospi-
tal’s spine unit, and for whom decompression surgery
without fusion was foreseen (patient details appear be-
low). Baseline questionnaires and functional assessments
of spinal mobility were carried out 1-2 days before the
operation and repeated at the first post-surgical check-
up, 2 months after the operation.

All patients received an oral and written explanation
of what would be required of them, and they signed an
informed consent form confirming their agreement to
participate. The study was approved by the local uni-
versity’s ethics committee.

Study admission criteria

The admission criteria were:

— Age over 45 years (an inclusion criteria for a larger
study in which the patients were participating on
rehabilitation after surgery for degenerative spinal
stenosis and disc herniation in older patients)

— No previous spinal fusion (although other previous
spine operations were permitted)

— Failed conservative therapy

— Diagnosis of lumbar herniated disc as the main indi-
cation for decompression surgery

In all patients, the medical history was taken, a
clinical examination was performed, and conventional
radiography of the lumbar spine as well as MRI and/or
CT was carried out to confirm the encroachment of the
spinal canal. The herniated levels were distributed as
follows: L1/2, one patient (3%); L2/3, one patient (3%);
L3/4, four patients (12%); L4/5, 20 patients (61%); and
L5/S1, seven patients (21%).

Study group

The original group included 37 patients. However, due
to time constraints before the operation, two patients
were unable to complete the preoperative functional
tests, and a further two did not undergo postoperative
tests (one lived in another country and could not return
for tests, but completed a questionnaire; a second re-
quired re-operation with spinal fixation within the first
2 months). Thus, 33 patients had complete data sets (24

men, nine women), both pre-surgery and post-surgery.
Their mean age was 57 years (SD: 9 years). The mean
duration of low back trouble before the operation was
4.7 years (SD: 8.1 years), and of leg pain, 2.5 years
(SD 5.6 years). The patients had been receiving medical
attention for their back-related problems for an average
3.2 years (SD: 6.5 years). Thus, they represented a
group with specific symptoms of a herniated disc deemed
to require surgery, superimposed on a long-term
(degenerative) back problem. Fifty-five percent of the
patients declared that leg pain was their greatest prob-
lem, 20% back pain, 15% sensory disturbances (numb-
ness, tingling, etc.) and 10% other factors (e.g., buttock
pain; combined back, leg and buttock pain). The indi-
vidual visual analog scores (VAS) for leg and back pain
revealed that, even in those patients for whom back pain
was perceived to be the greater problem, the levels of leg
pain were only slightly less—i.e., substantial leg pain was
reported by all patients, even if it was not always the
greatest problem. The high proportion of patients with
leg pain and back pain was attributed to the accompa-
nying degenerative changes of the spine in this relatively
old patient group.

For comparative purposes, a group of 43 healthy
volunteers (26 men, 17 women) over 45 years of age
(mean age 57 years—SD: 7 years), with no history of
any back pain requiring medical treatment or time off
work, underwent assessment of spinal mobility, in order
to provide age-matched control values. There was a
slightly higher proportion of females in the control
group than in the patient group, but the difference was
not significant (p=0.33).

Surgical procedure

Decompression surgery involved a posterior midline
approach to the laminae. The spinal canal was entered
by removal of the ligamentum flavum. Laminotomy of
the caudal and rostral laminae and, if necessary, partial
medial facetectomy, was carried out. The herniated
mass/extruded nucleus pulposus was exposed and ex-
tracted.

Assessments: questionnaires

Pre-surgery, patients were sent a comprehensive ques-

tionnaire (see below), which they were asked to complete

in their own time and bring with them on the day of

admission to the hospital. A second questionnaire was

sent out in a similar manner, shortly before the patient’s

first checkup (approximately 2 months post-surgery).
The questionnaire enquired about:

— Socio-demographic variables, work status, workload,
reason for deciding to undergo surgery
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— Existing or planned disability/compensation claims

— Back/leg trouble history (duration, previous opera-
tions, etc.)

— Pain location (pain drawing)

— Pain intensity (0-10 VAS for: average back pain in the
last week; average leg pain in the last week; back-
related pain at best in the last week, at worst in the last
week, and today)

— Frequency of back/leg trouble (never (0), occasionally
(1), often (2), constant (3))

— Frequency of pain medication intake

— Low Dback disability (Roland-Morris
Questionnaire [13, 46])

— Beliefs about physical/work activity being a cause of
back trouble and fears about the dangers of such
activities when experiencing an episode of low back
pain (Fear-Avoidance Beliefs Questionnaire (FABQ)
[591)

— “Psychological disturbance” [19] (determined using a
combination score from the modified somatic per-
ception questionnaire (MSPQ [30]) and the modified
ZUNG questionnaire [31])

All the questionnaires had been previously validated
in the German language [32, 48].

Post-surgery, the patients were asked to rate the
success of the operation (0, made things worse; 1, didn’t
help; 2, only helped a little; 3, helped; 4, helped a lot).

Considering that the patients were undergoing rela-
tively major elective surgery, for which a notable change
in symptoms was to be expected, only scores of 3 and 4
were considered a “good” global outcome, whilst 0, 1
and 2 were considered ““poor.”

Disability

Assessments—spinal mobility

All tests of spinal mobility were carried out at least 2 h
after the patients/subjects had got up in the morning.
This was done to overcome the initial stiffness of the
spine associated with the increased fluid absorbed by
the intervertebral discs while they are unloaded during
the recumbency of sleep [27]. Spinal mobility was as-
sessed using the Spinal Mouse system (Idiag, Switzer-
land), a computer-assisted electronic inclinometer device
that can be used to measure spinal curvature in the
sagittal plane, in various postures (Fig. 1). The intra-
tester and inter-tester, and day-to-day reliability of the
Spinal Mouse has been published in previous studies [25,
34], in which further details about the system are also
given [34]. Briefly, the device is guided along the spine,
slightly paravertebrally, from a start position at the
spinous process of C7 to an end position at S3. These
bony landmarks are firstly determined by palpation and
marked on the skin surface. A rolling sensor head fol-
lows the contour of the spine and communicates dis-

tance and angle measures to a base station interfaced
with a personal computer. This information is then used
to calculate the relative positions of the sacrum and the
vertebral bodies of the underlying body spinal column,
using an intelligent, recursive algorithm.

Measurements were made in each of the following
postures:

— Standing upright (in a relaxed position, focusing on a
marker placed at eye level, feet shoulder-width apart,
knees straight, arms at sides)

— Maximal flexion (legs straight, trunk flexed as far as
comfortably possible in an attempt to curl the head
into the knees, hands gripping the back of the lower
leg for stability, if necessary)

— Maximal extension (legs straight, arms crossed over
the front of the body, head in a neutral position, trunk
extended as far as comfortably possible)

The positions were described and demonstrated by
the investigator, and then each movement sequence
(standing, flexion, extension) was performed by the pa-
tient three times. The patient was instructed to move at a
speed of his/her choosing and to hold the end position
for about 3 s, whilst the measurement was made. The
best two trials (judged in relation to the total trunk
flexion attained)—in the majority of cases, the last two
of the three—were averaged for use in further analyses
(as described in [34]). The patients were instructed to
move as far as they possibly could without causing
intolerable pain. Pain intensity (in the back and/or legs)
during each of the three postures was recorded on a 0—10
VAS.

The relevant parameters recorded by the Spinal
Mouse in each position were: lumbar curvature (mea-
sured from the T12/L1 interspace to the L5/S1 inter-
space), sacral angle (with respect to the vertical) and
trunk angle of inclination (angle subtended between
the vertical and a line joining T1 to the sacrum).
Determination of these parameters in standing, full-
flexion and full-extension positions allowed calculation
of the ranges of flexion (ROF) and extension (ROE) of
the “hips” (sacral angle), the lumbar spine, and the
whole trunk (in each case, the ROF and ROE were
given by the difference between the standing value and
the value in the flexed or extended position, respec-
tively).

Statistics

The sample size calculations for both the prospective
study (changes after surgery) and the comparison of the
DH patients with normal controls were based on the
results of our previous reliability study [29, 34]. We
calculated that, with at least 30 patients in each group,
the probability would be 95% that the study would
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Fig. 1 Equipment used for
measuring spinal range of mo-
tion. See text for details
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detect a significant difference between the two groups of
interest at a two-sided 5.0% significance level, if the true
difference between them for the range of flexion of the
lumbar spine was at least 9°.

The ROM data and disability data were all approx-
imately normally distributed and so parametric statisti-
cal analyses were used. Differences in ROM between the
patients and the normal controls were examined using
unpaired Student r-tests (any interaction between the
pattern of difference between the groups, in men and
women, was firstly examined by looking at the interac-
tion term (group x gender) of a repeated-measures
analysis of variance (ANOVA)—one between factor
(gender) and one within factor (time of test, i.e., pre-

Extension |
L[

surgery or post-surgery). No interactions were signifi-
cant).

Changes in continuous variables, pre-surgery to post-
surgery, were assessed using paired -tests. Changes in
categorical/ordinal variables were examined using non-
parametric statistics (paired sign test or Wilcoxon signed
rank test, depending on the number of categories).
Relationships between continuous variables were anal-
ysed with regression analysis (simple, and then stepwise
multiple regression). Differences between outcome
groups (good vs poor) for changes in ROM after surgery
were expressed as median values (with interquartile
range, IQR) and analysed using the Mann—Whitney U-
test (as the distribution of changes in ROM were not
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normally distributed). Significance was accepted at the
5% level.

Results
Self-rated disability and pain

The group mean (SD) values for Roland-Morris Dis-
ability, VAS pain scores, pain frequency, and pain
medication intake, before and after surgery, are shown
in Table 1. All the pain-related outcome measures
showed highly significant improvements 2 months after
surgery (each p<0.001). Roland-Morris Disability
scores showed a somewhat lesser, but nonetheless sig-
nificant reduction after surgery (p=0.019).

Spinal curvature/ranges of motion

The group mean (SD) values for spinal curvature and
ranges of motion, before and 2 months after surgery are
shown in Table 2, together with the data for age-mat-
ched controls with healthy backs.

Before surgery, the herniated disc patients demon-
strated a significantly lower lumbar lordosis in standing
compared with the controls (i.e., they had a flatter back)
(»p=0.01). In addition, their lumbar range of flexion
(ROFumpar) and trunk ROF (ROF ) were signifi-
cantly reduced compared with normal values (both
p<0.004). The difference between patients and controls
for hip ROF (ROFy;,) narrowly failed to reach signifi-
cance (p=0.15). All these trends were the same for both
men and women. None of the ranges of extension, for

Table 1 Self-rated pain and disability before and 2 months after
surgery. All values are means (SD) (VAS visual analog scale)

Parameter Before 2 months p
surgery after surgery

Roland Morris Disability 12.7 (6.3) 9.9 (6.2) 0.019
score

VAS back pain—average 4129 2220 0.001
(over the last week)

VAS leg pain—average 5.72.4) 1.9 (2.2) 0.0001
(over the last week)

VAS pain (back or leg)— 7.3(2.1) 32(.6) 0.0001
highest (over the last week)

VAS pain (back or leg)— 3.6 (24) 1.1 (1.5) 0.0001
lowest (over the last week)

VAS pain (back or leg)— 5.0 (2.5) 1.9 2.1) 0.0001
today

Pain frequency* 2.4 (0.8) 1.4 (0.9) 0.0001

Pain medication* 0.4 (0.5) 0.1 (0.3) 0.0001

*Presented as continuous data (possible scores 0 (best) to 3 (worst))
for ease of presentation, but non-parametric test statistics used to
test statistical significance of pre-surgical vs post-surgical data

any region of the spine, were significantly different from
control values, though there was a general tendency for
them to be lower.

Two months after surgery, the mean standing lumbar
lordosis showed a further significant reduction (i.e.,
flatter spine after surgery, p=0.002) (Table 2) and the
mean ROF v, Was significantly lower (p =0.038) than
before surgery. There was a trend for an increase in
ROFy, after surgery (p=0.08), which was nonsignifi-
cant but of a sufficient extent to mean that the postop-
erative values for this parameter became very similar to
those of the controls (see Table 2). The combination of
the decreased ROFmpar and increased ROFy,;, meant
that the global ROF .« did not change significantly
pre-surgery to post-surgery (p=0.75). Again, all these
trends were consistent for both men and women—i.e.,
there were no significant interaction effects for gender
and measurement time (pre-surgery/post-surgery).

None of the values for range of extension, for any
regions, showed any significant change compared with
pre-surgery values.

Back/leg pain intensity during the flexion test (mea-
sured on a 0—10 VAS scale) was significantly correlated
with ROF;ympar (r=0.56, p=0.001). Also, the changes
(from before surgery to 2 months after surgery) in VAS
back/leg pain during the flexion test and in ROF | npar
were significantly correlated (r=0.56, p=0.001). How-
ever, more than half of the patients who experienced no
pain at all during the flexion test post-surgery (10/19;
53%) still had a reduced ROF | npar (of 4-33°), sug-
gesting that it was not simply pain that was responsible
for the reduction in lumbar mobility 2 months after
surgery.

Relationships between objective and subjective measures
of disability: pre-surgery

Using bivariate regression analyses, the values for the
following objective ROM measures (from all those listed
in Table 2) showed a significant correlation with the
Roland-Morris scores pre-surgery: ROFympar (r=0.61,
»=0.0002), ROFynk (r=0.54, p=0.004); ROFy;, (r=
0.43, p=0.01); ROEpmpar (r=0.57, p=0.0005);
ROE; ynk (r=0.61, p=0.0002).

The following psychological factors also correlated
significantly with the Roland-Morris scores at baseline:
“psychological disturbance” (r=0.56, p=0.0008); fear
avoidance beliefs about physical activity (r=0.57,
p=0.0005). Similarly, most of the pain scores correlated
with Roland-Morris Disability: VAS average back pain
(r=0.44, p=0.01), VAS average leg pain (r=0.41, p=
0.01), VAS highest back/leg pain (r=0.69, p=0.0001),
VAS lowest back/leg pain (r=0.39, p= 0.026).

As Roland-Morris Disability correlated both with the
various ROMs and with the psychological factors, it was
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Table 2 Standing lumbar lordosis and spinal mobility in controls and disc herniation (DH) patients before and 2 months after surgery.
All values are means (SD) (ROF range of flexion, ROE range of extension)

Parameter (°) Controls (n=43)

Patients before
surgery (n=33)

Patients 2 months
after surgery (n=233)

Lumbar lordosis 30.6 (10.2) 24.8 (8.5) 21.1(7.1) a, b, c
Hip ROF 47.7 (13.6) 42.1 (18.9) 47.2 (16.6) -
Trunk ROF 100.2 (18.3) 84.7 (27.1) 85.9 (29.0) a, c
Lumbar ROF 54.6 (12.5) 42.8 (15.9) 36.7 (13.1) a, b, c
Hip ROE 17.0 (11.0) 13.4 (8.9) 13.8 (8.6) -
Trunk ROE 25.4 (11.0) 22.8 (10.3) 21.9 (11.3) -
Lumbar ROE 6.8 (10.1) 6.9 (5.6) 6.7 (6.7) -

a = Significant difference (p <0.05) between controls and patients
before surgery

b = Significant difference (p <0.05) in the patients before and after
surgery

¢ = Significant difference (p <0.05) between controls and patients
after surgery. In each case, the data from the men and women were

considered of interest to see whether the psychological
factors, per se, were associated with range of motion. To
account for the possible shared variance, partial corre-
lation analysis was used (with the variables range of
motion, psychological variables and Roland-Morris
Disability). It was shown that the partial correlations
between the psychological variables and ROF,p., were
negligible and nonsignificant (with FABQ, partial
r=-0.15; with psychological disturbance, partial r=
—0.19). The psychological factors had a slightly greater,
but still negligible and nonsignificant correlation with
ROF ;unk (with FABQ, partial r=-0.14; with psycho-
logical disturbance, partial r= —0.31) and with ROF;;,
(with FABQ, partial r= —0.10; with psychological dis-
turbance, partial r= —0.31).

analyzed together; there was no significant gender effect for
the manner in which controls and patients differed in any of the
analyses

As a number of the variables were clearly interre-
lated, multiple stepwise regression analysis was carried
out, in order to identify which of the main domains
(ROM, psychological factors, pain intensity) still con-
tributed significantly to explaining the variance in Ro-
land-Morris scores, when considered together with the
other domains. For this analysis, only the one variable
from each domain that had the highest correlation with
the Roland-Morris scores in the bivariate analyses was
included, to reduce the number of predictor variables
entered. Together, the following factors (in decreasing
order of their contribution) contributed significantly to
explaining a total 83% of the variance in Roland-Morris
scores: VAS highest back/leg pain, fear avoidance beliefs
about physical activity, and ROF,par-

Fig. 2 Regression analysis 15 : L : . L i L .
(with 95% confidence intervals) > >
showing the relationship be- S
tween the change in lumbar 2
range of motion and the change % 10+ . L i
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Relationships between changes in objective and
subjective measures of disability: pre-surgery to
post-surgery

Using bivariate regression analyses, changes in two of
the objective measures (from those listed in Table 2)
showed a highly significant inverse correlation with
changes in the Roland-Morris scores: ROF . (r=
—-0.59, p=0.0004), and ROF|y,par (r= —0.82, p=0.0001;
Fig. 2). The greater the increase in ROF, the greater the
reduction in disability (Roland-Morris score). The only
subjective variables whose changes after surgery corre-
lated with the change in disability were: VAS highest
back/leg pain (r=0.51, p=0.002) and psychological
disturbance (r=0.49, p=0.004).

When the most significant variables from each of the
above domains (ROM, psychological factors, pain
intensity) were examined together in a multivariate
stepwise regression analysis, ROF,np.r Was the only
variable that was chosen for entry into the model as a
significant contributor to explaining the variance in the
change in Roland-Morris scores. No further variance
could be explained by changes in either the pain scores
or psychological attributes. Statistically, 67%
(»<0.0001) of the post-surgical changes in self-rated
disability were accounted for by changes in the objective
measures of ROF mpar-

Global rating of surgery

Two months after surgery, 22/33 (67%) patients declared
that the surgery had “helped a lot,” 8/33 (26%) that it
had “helped” and 3/33 (9%) that it had “not helped.”
No patients said that it had “only helped a little”” or
“made things worse.” Thus, in accordance with the
previously described dichotomous rating, 91% of pa-
tients had a “good’” outcome and 9% a ““poor” outcome.

The patients in the poor outcome group were char-
acterized by a greater reduction in their ROF . after
surgery (median —22.5°;, IQR 1.5°) compared with the
good outcome group (median 0°; IQR 22.3°) (p=0.04).

Discussion
General

The present study sought to investigate the relationship
between objective measures of spinal mobility and self-
reports of disability in a group of patients who were due
to undergo decompression surgery for lumbar disc her-
niation. Clinical examination had revealed suspected
herniated discs in all these patients, and this was con-
firmed by imaging and, later, intraoperatively. However,
the patients were not necessarily typical of patients

presenting with an acute herniated disc. They were older
than the average DH patient, and many had had pain
(both leg and back) for a long period of time. We con-
sider this to be the result of concomitant degenerative
changes in the disc and the facet joints in these patients.
Whether the findings would be replicated in a group of
younger, acute disc herniation patients remains to be
examined, although one might expect even closer rela-
tionships between impairment and self-rated disability in
such a group, as psychological factors are likely to play
less of a role than they do in patients with chronic LBP.

The study did not primarily aim to evaluate the
effectiveness of the surgical procedure, per se, hence the
short follow-up is of no particular consequence. The aim
was simply to assess the relationship between subjective
and objective measures, both before and in response to
the surgical intervention. Nonetheless, as the operation
is one that attempts to remedy a mechanical problem, its
success or failure might still be expected to be apparent
relatively early (i.e., after the patient has recovered from
the effects of the operation itself). Furthermore, as the
early results of decompression surgery often herald the
longer-term findings [4, 20, 22]), a careful examination of
the shorter-term outcome is still deemed worthwhile.
The longer term outcome and changes in functional
capacity in this patient cohort after a 3 month period of
rehabilitation will be reported in detail in a separate
paper. However, briefly, the excellent relationship be-
tween the change in ROF),n., from pre-surgery to
2 months post-surgery and pre-surgery to 6 months
post-surgery (r=0.92, p<0.0001) and between the
change in ROF . pre-surgery to 6 months post-sur-
gery and the change in disability over the same time
period (r=0.75, p<0.0001) suggest that the observed
phenomenon is not just a consequence of circumstances
peculiar to the early postoperative period.

Spinal curvature and range of motion before surgery

Pre-surgery, the group mean values for standing lumbar
lordosis, and ROF par and ROF ., were all signifi-
cantly lower than those of age- and gender-matched
controls with no history of back pain that had required
medical treatment. Thus, the patients had flatter and
stiffer lumbar spines than normal. The controls showed
mean values for ROF | pa, similar to those reported in
the literature for healthy individuals assessed using other
skin-mounted motion analysis devices [8, 12, 34], double
inclinometers [36] or X-ray measurements [44], in part
confirming the validity of the measures. Whether the
reduced ROF;, . can be attributed entirely to the re-
sults of the disc prolapse, or, rather, was also a factor
contributing to its development in the first place, cannot
be ascertained from the results of this study. Interest-
ingly, a previous prospective risk-factor study showed
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that individuals with a flatter and stiffer lumbar spine
(the same factors characterizing the patients in the
present study) were more prone to the development of a
“serious back problem” requiring medical treatment or
time off work (though not necessarily disc herniation),
than were their counterparts with a more pronounced
lordosis and good lumbar flexibility [2]. A recent report
from the same research group, on the outcome of the
individuals that developed serious low back pain for
the first time during the initial study, showed that
the reduction in lumbar mobility displayed after the first
episode did not improve over the subsequent 2-year
period [11]. A further study, in which a marked reduction
in ROF,mpar Was reported in disc herniation patients
pre-surgery, showed that even 1 year after surgery, and
following a postoperative exercise rehabilitation pro-
gram, ROF | v., increased to only approximately 80%
of normal values [10]. All of this would tend to suggest
that disc herniation patients perhaps never had, or are
rarely able to acquire, normal values for spinal mobility.

Determinants of self-rated disability before surgery

In the present group of disc herniation patients, the
baseline scores for self-rated disability correlated with
the objective ROM measures to a greater extent than has
been shown in previous studies [21, 33, 38, 39, 40, 50,
58]. However, disability also showed a significant asso-
ciation with certain cognitive and affective factors. Most
likely, after a long period of suffering with back trouble,
these patients are in some respects similar to other
groups of patients with chronic back problems, in whom
self-ratings of disability appear to be influenced by a
whole range of both physical and psychological attri-
butes [33, 55]. A couple of recent reviews have clearly
shown that the stress of living with chronic pain leads to
depression [16, 17] and that chronic back pain is asso-
ciated with exaggerated fear-avoidance beliefs about
movement [56]. Hence, the relatively strong influence of
the psychological factors is not wholly surprising.
Interestingly, however, in comparison with recent stud-
ies on patients with chronic nonspecific LBP [33], in the
present patient group the objective measures still played
a substantial role in governing self-reported disability.

Relationship between changes in psychological
factors and disability post-surgery

In a multivariate analysis designed to identify the factors
of greatest importance in explaining the change in dis-
ability after surgery, the psychological factors were not
selected for entry into the model (i.e., they added
nothing to the model from a statistical point of view,
once ROM had been entered). Nonetheless, in simple

bivariate analyses, the changes in psychological distur-
bance post-surgery correlated significantly with the
changes in disability. Perhaps the patients’ psychological
status improved, once their pain was alleviated and their
functional capacity enhanced following the operation.
This would tend to support the assertion that psycho-
logical disturbance arises predominantly as a conse-
quence of long-term pain and ineffectual treatment [16]
and resolves when a successful solution to the problem
has been found [52].

Relationship between changes in spinal mobility and
changes in self-rated disability after surgery

The group mean ROF ., showed a reduction
2 months after surgery, although considerable inter-
individual differences in the extent of the change
were observed. Further, these individual changes in
ROFumbar appeared to have a strong association with
both the patients’ self-rated disability and their overall
satisfaction with the operation. Psychological factors,
per se, had minimal influence on the measured ranges of
motion. The results show one of the highest correlations
between subjective and objective measures of disability
reported in the back pain literature to date. Changes in
the objective measures of ROF . accounted for
almost 70% variance in the change in disability after
treatment. There are a number of possible explanations
for these findings. Firstly, the device used to measure
ROM is somewhat new, and it is conceivable that the
measurements are more reliable and accurate than those
obtained in previous studies and are thus more sensitive
to differences that may otherwise have been obscured by
measurement error. However, whilst this may be so in
the case of previous studies that have employed mea-
sures such as the Schober skin-stretching technique [5,
53] or the long-arm goniometer [42}—techniques with
their own well-known limitations—it is unlikely to be
the case for studies in which more accurate double in-
clinometers or computerized motion analyses devices
were employed [7, 26, 58].

The second possible—and more likely—explanation
is that, with the specific diagnosis of herniated disc,
restrictions in ROF 4., play a more important part in
the clinical picture than they do in groups of patients
with nonspecific back pain. Indeed, in a previous study
in which the spinal mobility of patients with nonspecific
low back pain was compared with normal controls,
using the same measurement technology (Spinal
Mouse), the results were similar to previous findings of
no significant difference between the groups [29].

Cadaveric studies have shown that flexion of the
spine with a model herniated nucleus pulposus increases
the compressive force and tension applied to the nerve
root traversing the herniation [47]. These findings are
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consistent with the classical clinical observation of an
increase in symptoms associated with straight-leg raising
or trunk flexion. Although flexion increases the size of
the spinal canal, it simultaneously increases nerve root
tension [6]. Much of the improvement in movement
capacity after decompression surgery is attributable to
the simple freeing of the mechanical obstruction, which
relieves the painful nerve root tension generated during
trunk flexion movements. A previous study on patients
with disc herniation showed that, after surgery, spinal
movements were improved in the clinical sense—i.e., the
majority of patients reported an enhanced ability to flex
the trunk as a whole, and straight-leg raise values were
improved—yet biplanar radiography did not confirm
any significant improvement in the group’s mean lumbar
ROM [54]. These findings were effectively replicated in
the present study. The objective measures showed im-
proved values for hip flexion, and the patients had lower
average pain and disability ratings—all despite a lower
ROF ympar- Closer examination of the graph showing the
relationship between changes in lumbar ROF and
changes in self-rated disability after surgery (Fig. 2) re-
veals that the slope does not cross through the zero
points of the x and y axes. At x=zero (i.e., no change in
ROF umpar), the intercept on the y axis is approximately
-5 (i.e., a reduction in self-rated disability score of 5
points). At first glance, this would seem to suggest that
the ROF | mbar 18 unrelated to the clinical attributes.
However, superimposed on this systematic shift was an
indisputable relationship between individual changes in
disability scores and changes in ROF .. Thus, it
would appear that, after the improvement in pain and
disability brought about by the surgical freeing of the
mechanical obstruction (the herniated disc material), the
ROFymbar 1s a strong determinant of the remaining
disability.

The importance of lumbar range of flexion

Two questions naturally arise from the preceding dis-
cussion: firstly, why should specifically lumbar range of
flexion determine so strongly the changes in self-rated
disability; and, secondly, what accounts for the differing
individual results with regard to changes in ROF |, par
post-surgery? We have no immediate answers to these
questions, but certain factors are worthy of consider-
ation.

Previous studies on back-healthy individuals have
shown that the lower the ROF; pnpar, the greater the
bending moment acting on the osteoligamentous spine
during standardized forward bending and lifting activi-
ties—regardless of the individual’s degree of hip mobil-
ity [8]. There appears to be something uniquely
important about the flexibility of the lumbar spine in
governing the ability to perform such movements with-

out undue stress. A possible explanation may lie in the
findings of studies in which simultaneous spine and hip
movements have been examined during free trunk flex-
ion. These have shown that the first 60° of movement is
accomplished almost exclusively [15] or predominantly
[36, 43] by flexion of the lumbar spine. The addition of a
load purportedly exaggerates this movement pattern,
such that most of the spinal flexion has occurred by the
time the trunk is inclined 45° forward from the upright
position [15]. Thus, in individuals with restricted lumbar
flexion, the full range would likely be required even
during activities that require only moderate trunk flex-
ion, leading to higher bending stresses in the lumbar
spine [1]. These higher stresses may be associated with
discomfort, especially if any of the posterior structures
of the spine are also injured. In this case, attempts to
adopt the positions of quite extreme lumbar flexion
typically required for even some of the simplest activities
of daily living [9, 24] may be unsuccessful, leading the
individual to report himself disabled in these tasks.

The reasons for the widely varying individual differ-
ences in the change of ROF ., after surgery, and the
dramatic reduction in ROF, . after surgery, are
somewhat more difficult to explain. Neither psycholog-
ical disturbance nor fear avoidance behaviour was able
to account for the reduced ROF; mpar- TO the authors’
knowledge, there is currently no evidence that decom-
pression surgery per se (especially of the minimally
destructive type employed) has a detrimental effect on
the mobility of the spine, although it has also not been
subject to much systematic investigation. Perhaps the
extent of soft-tissue scarring after surgery in some way
determines the degree of restriction during forward-
bending movements. This clearly requires further
investigation.

Conclusion

In conclusion, in older patients with disc herniation, the
determination of lumbar spinal ROM provides a valid,
objective measure of functional capacity that shows
significant differences from normal matched controls,
that correlates well with the patient’s subjective disabil-
ity rating, and the changes in which correlate extraor-
dinarily well with changes in self-rated disability
following surgery.

The pivotal role of the lumbar range of flexion in
explaining the changes in disability after surgery, and the
opposing changes in lumbar mobility and hip mobility
after decompression surgery, emphasize the importance
of measuring lumbar and hip ranges of motion sepa-
rately, and caution against the use of global trunk flex-
ibility tests (e.g., sit and reach, toe touching, etc.) in
characterizing spinal functional capacity.
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Previous authors have suggested that a patient’s
subjective rating of pain/disability is not a reliable
indicator of his or her impairment (i.e., objectively
measured functional capacity) 3 months after spine
surgery for degenerative disorders [37]. This would seem
not to be the case, at least in the diagnostic group
examined in the present study and as far as measures of

spinal mobility are concerned.

Acknowledgements We are grateful to the Swiss National Science
Foundation (Grant No. 32-57123.99) and the Schulthess Klinik
Research Fund for funding this work. We would like to especially
thank Raymond Denzler, Renata Heusser, Katrin Knecht, Gor-
dana Balaban and Sonja Keller for their assistance with the data
collection, and Friedrich Bremerich for his clinical assistance. We
are also grateful to Professor Arnaldo Benini, Dr. Jileli Rhiati and
Dr. Thomas Egloff for their cooperation with the study

References

10.

11.

. Adams MA, Dolan P (1991) A tech-

nique for quantifying the bending mo-
ment acting on the lumbar spine in vivo.
J Biomech 24:117-126

. Adams MA, Mannion AF, Dolan P

(1999) Personal risk factors for first-
time low back pain. Spine 24:2497-2505

. American Medical Association (2000)

The spine. In: Guides to the evaluation
of permanent impairment. American
Medical Association, Chicago

. Amundsen T, Weber H, Nordal HJ,

Magnaes B, Abdelnoor M, Lilleas F
(2000) Lumbar spinal stenosis: conser-
vative or surgical management?: A
prospective 10-year study. Spine
25:1424-1435

. Battie MC, Bigos SJ, Fisher LD, Spen-

gler DM, Hansson TH, Nachemson
AL, Wortley MD (1990) The role of
spinal flexibility in back pain complaints
within industry. A prospective study.
Spine 15:768-773

. Brieg A (1978) Adverse mechanical

tension in the central nervous system.
Wiley, New York

. Chiarello CM, Savidge R (1993) In-

terrater reliability of the Cybex EDI-320
and fluid goniometer in normals and
patients with low back pain. Arch Phys
Med Rehabil 74:32-37

. Dolan P, Adams MA (1993) Influence

of lumbar and hip mobility on the
bending stresses acting on the lumbar
spine. Clin Biomech (Bristol, Avon)
8:185-192

. Dolan P, Earley M, Adams MA (1994)

Bending and compressive stresses acting
on the lumbar spine during lifting
activities. J Biomech 27:1237-1248
Dolan P, Greenfield K, Nelson RJ,
Nelson IW (2000) Can exercise therapy
improve the outcome of microdiscecto-
my? Spine 25:1523-1532

Dolan P, Mannion AF, Adams MA
(2002) Changes in spinal function fol-
lowing low back pain. Conference Pro-
ceedings of the International Society for
the Study of the Lumbar Spine. Cleve-
land, USA, May 2002

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Dvorak J, Vajda EG, Grob D, Panjabi
MM (1995) Normal motion of the
lumbar spine as related to age and
gender. Eur Spine J 4:18-23

Exner V, Keel P (2000) Erfassung der
Behinderung bei Patienten mit chronis-
chen Riickenschmerzen. Schmerz
14:392-400

Fairbank J, Pynsent P (2000) The
Oswestry Disability Index. Spine
25:2940-2952

Farfan HF (1975) Muscular mechanism
of the lumbar spine and the position of
power and efficiency. Orthop Clin
North Am 6:135-144

Fishbain DA, Cutler R, Rosomoff HL,
Rosomoff RS (1997) Chronic pain-
associated depression: antecedent or
consequence of chronic pain? A review.
Clin J Pain 13:116-137

Gallagher RM, Verma S (1999) Man-
aging pain and comorbid depression: A
public health challenge. Semin Clin
Neuropsychiatry 4:203-220

Goodsell M, Lee M, Latimer J (2000)
Short-term effects of lumbar postero-
anterior mobilization in individuals
with low-back pain. J Manipulative
Physiol Ther 23:332-342

Greenough CG, Fraser RD (1991)
Comparison of eight psychometric
instruments in unselected patients with
back pain. Spine 16:1068-1074

Grob D, Dvorak J, Muntener M, Por-
chet F, Mannion AF (2004) Is a 2 year
follow-up really necessary for all surgi-
cal outcome studies? Conference Pro-
ceedings of the International Society for
the Study of the Lumbar Spine. Porto,
Portugal, June 2004

Gronblad M, Hurri H, Kouri JP (1997)
Relationships between spinal mobility,
physical performance tests, pain inten-
sity and disability assessments in
chronic low back pain patients. Scand
J Rehabil Med 29:17-24

Hakkinen A, Ylinen J, Kautiainen H,
Airaksinen O, Herno A, Kiviranta I
(2003) Does the outcome 2 months after
lumbar disc surgery predict the outcome
12 months later? Disabil Rehabil
25:968-972

23.

24.

25.

26.

27.

28.

29.

30.

3L

32

Hernandez-Reif M, Field T, Krasnegor
J, Theakston H (2001) Lower back pain
is reduced and range of motion in-
creased after massage therapy. Int

J Neurosci 106:131-145

Hsieh CY, Pringle RK (1994) Range of
motion of the lumbar spine required for
four activities of daily living. J Manip-
ulative Physiol Ther 17:353-358

Keller S, Mannion AF, Grob D (2000)
Reliability of a new measuring device
(““Spinal Mouse”) in recording the sag-
ittal profile of the back. Eur Spine

J 9:303

Klein AB, Snyder-Mackler L, Roy SH,
DeLuca CJ (1991) Comparison of
spinal mobility and isometric trunk
extensor forces with electromyographic
spectral analysis in identifying low back
pain. Phys Ther 71:445-454

Koeller W, Funke F, Hartmann F
(1984) Biomechanical behaviour of hu-
man intervertebral discs subjected to
long-lasting axial loading. Biorheology
21:675

Kohles S, Barnes D, Gatchel RJ, Mayer
TG (1990) Improved physical perfor-
mance outcomes after functional resto-
ration treatment in patients with
chronic low back pain. Early versus re-
cent training results. Spine 15:1321—
1324

Liebig EM, Kothe R, Mannion AF,
Grob D (2000) The clinical significance
of the lumbar lordosis: relationship be-
tween lumbar spinal curvature and low
back pain. Eur Spine J 9:286

Main CJ (1983) The modified somatic
perception questionnaire (MSPQ).

J Psychosom Res 27:503-514

Main CJ, Waddell G (1984) The detec-
tion of psychological abnormality in
chronic low back pain using four simple
scales. Current Concepts in Pain 2:10—
15

. Mannion AF, Muntener M, Taimela S,

Dvorak J (1999) A randomized clinical
trial of three active therapies for chronic
low back pain. Spine 24:2435-2448



465

33.

34.

35.

36.

37.

38.

39.

40.

Mannion AF, Junge A, Taimela S,
Muntener M, Lorenzo K, Dvorak J
(2001) Active therapy for chronic low
back pain: Part 3. Factors influencing
self-rated disability and its change fol-
lowing therapy. Spine 26:920-929
Mannion AF, Knecht K, Balaban G,
Dvorak J, Grob D (2004) A new skin-
surface device for measuring the curva-
ture, and global and segmental ranges
of motion of the spine: reliability of
measurements and comparison with
data reviewed from the literature. Eur
Spine J 13:122-136

Marras WS, Ferguson SA, Gupta P,
Bose S, Parnianpour M, Kin JY, Cro-
well RR (1999) The quantification of
low back disorder using motion mea-
sures. Methodology and validation.
Spine 24:2091-2100

Mayer TG, Tencer AF, Kristoferson S,
Mooney V (1984) Use of noninvasive
techniques for quantification of spine
range-of-motion in normal subjects and
chronic low-back dysfunction patients.
Spine 9:588-595

Mayer TG, Mooney V, Gatchel RJ,
Barnes D, Terry A, Smith S, Mayer H
(1989) Quantifying postoperative defi-
cits of physical function following spinal
surgery. Clin Orthop 244:147-157
McGregor AH, McCarthy ID, Dore CJ,
Hughes SP (1997) Quantitative assess-
ment of the motion of the lumbar spine
in the low back pain population and the
effect of different spinal pathologies of
this motion. Eur Spine J 6:308-315
Mellin G (1986) Chronic low back pain
in men 54-63 years of age. Correlations
of physical measurements with the de-
gree of trouble and progress after
treatment. Spine 11:421-426

Michel A, Kohlmann T, Raspe H
(1997) The association between clinical
findings on physical examination and
self-reported severity in back pain. Re-
sults of a population-based study. Spine
22:296-303

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

Mooney V (1987) Impairment, disabil-
ity, and handicap. Clin Orthop 221
Nattrass CL, Nitschke JE, Disler PB,
Chou MJ, Ooi KT (1999) Lumbar spine
range of motion as a measure of physi-
cal and functional impairment: an
investigation of validity. Clin Rehabil
13:211-218

Nelson JM, Walmsley RP, Stevenson
JM (1995) Relative lumbar and pelvic
motion during loaded spinal flexion/
extension. Spine 20:199-204

Pearcy M, Portek I, Shephard J (1984)
Three dimensional X-ray analysis of
normal movement in the lumbar spine.
Spine 9:294-297

Pearcy M, Portek I, Shepherd J (1985)
The effect of low-back pain on lumbar
spinal movements measured by three-
dimensional X-ray analysis. Spine
10:150-153

Roland M, Morris R (1983) A study of
the natural history of back pain. Part 1:
Development of a reliable and sensitive
measure of disability in low-back pain.
Spine 8:141-144

Schnebel BE, Watkins RG, Dillin W
(1989) The role of spinal flexion and
extension in changing nerve root com-
pression in disc herniations. Spine
14:835-837

Staerkle R, Mannion AF, Elfering A,
Junge A, Semmer NK, Jacobshagen N,
Grob D, Dvorak J, Boos N (2004)
Longitudinal validation of the Fear-
Avoidance Beliefs Questionnaire
(FABQ) in a Swiss-German sample of
low back pain patients. Eur Spine J
13(4):332-340

Stokes IA, Wilder DG, Frymoyer JW,
Pope MH (1981) Assessment of patients
with low-back pain by biplanar radio-
graphic measurement of intervertebral
motion. Spine 6:233-240

Sullivan MS, Shoaf LD, Riddle DL
(2000) The relationship of lumbar flex-
ion to disability in patients with low
back pain. Phys Ther 80:240-250

51.

52.

53.

54.

55.

56.

57.

58.

59.

Taimela S, Harkdpad K (1996)
Strength, mobility, their changes, and
pain reduction in active functional res-
toration for chronic low back disorders.
J Spin Disord 4:306-312

Tandon V, Campbell F, Ross ER (1999)
Posterior lumbar interbody fusion.
Association between disability and
psychological disturbance in noncom-
pensation patients. Spine 24:1833-1838
Thomas E, Silman AJ, Papgeorgiou
AC, Macfarlane GJ, Croft PR (1998)
Association between measures of spinal
mobility and low back pain. An analysis
of new attenders in primary care. Spine
23:343-347

Tibrewal SB, Pearcy MJ, Portek I, Spi-
vey J (1985) A prospective study of
lumbar spinal movements before and
after discectomy using biplanar radiog-
raphy. Correlation of clinical and
radiographic findings. Spine 10:455-460
Turner JA, Jensen MP, Romano JA
(2000) Do beliefs, coping and catastro-
phizing independently predict function-
ing in patients with chronic pain? Pain
85:115-125

Vlaeyen JWS, de Jong J, Geilen M,
Heuts PHTG, van Breukelen G (2002)
The treatment of fear of movement/(re)
injury in chronic low back pain: further
evidence on the effectiveness of expo-
sure in vivo. Pain 18:251-261

Waddell G, Main CJ (1984) Assessment
of severity in low-back disorders. Spine
9:204-208

Waddell G, Somerville D, Henderson 1,
Newton M (1992) Objective clinical
evaluation of physical impairment in
chronic low back pain. Spine 17:617—
628

Waddell G, Newton M, Henderson 1,
Somerville D, Main CJ (1993) A Fear-
Avoidance Beliefs Questionnaire
(FABQ) and the role of fear-avoidance
beliefs in chronic low back pain and
disability. Pain 52:157-168



	Sec1
	Sec2
	Sec3
	Sec4
	Sec5
	Sec6
	Sec7
	Sec8
	Sec9
	Fig1
	Sec10
	Sec11
	Sec12
	Sec13
	Tab1
	Tab2
	Fig2
	Sec14
	Sec15
	Sec16
	Sec17
	Sec18
	Sec19
	Sec20
	Sec21
	Sec22
	Sec23
	Ack
	Bib
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13
	CR14
	CR15
	CR16
	CR17
	CR18
	CR19
	CR20
	CR21
	CR22
	CR23
	CR24
	CR25
	CR26
	CR27
	CR28
	CR29
	CR30
	CR31
	CR32
	CR33
	CR34
	CR35
	CR36
	CR37
	CR38
	CR39
	CR40
	CR41
	CR42
	CR43
	CR44
	CR45
	CR46
	CR47
	CR48
	CR49
	CR50
	CR51
	CR52
	CR53
	CR54
	CR55
	CR56
	CR57
	CR58
	CR59

