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Abstract: A multicenter, prospective cohort study conducted in 5 physiotherapy clinics in the UAE from
January 2021 to March 2023 to assess coronal lumbar spine radiographic parameters as a predictor of
conservative therapy outcomes in patients suffering from low back and leg pain due to lumbar disc herniation
(HNP). Ninety patients (mean age 44 yrs., 54% male) with lumbar HNP underwent conservative therapy. All
participants received lumbar spine MRI and radiography to assess spine alignment. Interventions included
specific exercises, diathermy, traction, education, a home-based exercise program, and medications. Detailed
demographic data was collected. Follow-up was 6-months after discharge. A successful outcome was based on
a minimum of the following four outcomes: (1) reduction of pain by 17.5 points (0-100 NRS); (2) fatigue
reduction by 7.5 points; (3) distress reduction by 5 points; and (4) interference reduction by 9.5 points. At 6-
month follow-up it was found that patient age, education, and radiographic determined lumbosacral angle
measures significantly affected the odds of a successful outcome. Increasing age 1-year significantly decreased
the odds of success of improving pain, fatigue (OR = 0.85, p = 0.016) and interference scores (OR = 0.89, p =
0.042) by 15%, 15%, and 11% respectively. Lower education significantly increased the odds of success for
improving pain, fatigue, and interference by 26.18, 26.18, and 7.5 (p = 0.006, = 0.006, and = 0.029 respectively).
Increasing (worsening) the radiographic lumbosacral angle by each 1° significantly reduced the odds of success
for improving pain, fatigue, distress, and interference by 3.52, 3.52, 27.99, and 2.55, respectively (p < 0.001, <
0.001, = 0.003, = 0.001). Our findings indicate that younger age, less education, and better coronal radiological
lumbar spine alignment all had a substantial impact on the likelihood of success of 6-month outcomes in
patients suffering from chronic lower back pain and radiculopathy due to HNP.

Keywords: Low back pain; leg pain; disc herniation; clinical trial; radiography

1. Introduction

Lumbosacral radiculopathy associated with disk herniation (HNP) is a common clinical problem
strongly associated with delayed recovery, persistent disability and increased healthcare utilization
and costs [1]. Despite the high prevalence of this condition, its conservative treatment remains
challenging for spine specialists [2][3]. Recent systematic reviews reported a lack of clearly effective
conservative treatments for lumbar radicular pain, particularly for long-term management [4][5].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Most important, the literature provides scant information about the relevant biopsychosocial patient
variables that may be the explanatory reasons for those patients who will have suboptimal outcomes
at long-term assessment after rehabilitation programs [6]. The prognosis for conservative treatment
needs to be determined in a timely and efficient manner to allow health professionals to decide
whether the lumbar HNP patient requires surgery or continues non-surgical management [7].

Accordingly, investigations identifying patient specific outcomes that predict the odds of
successful conservative treatment for lumbar HNP are crucial. Specific predictors can help target and
improve treatment options to the patients as well as having the potential to enhance clinical care and
improve prognosis for long-term care plans. Some predictors such as magnetic resonance imaging
(MRI) classification, pain intensity, duration of complaints, response to the straight-leg raising test
(SLRT), and grade of motor power have been reported previously [8][9]. Despite the fact that many
studies have described the important role of abnormal spine / posture alignment, which is considered
by some to be an important etiological factor for low back pain and many other pathological changes
[10][11], there is little agreement as to what constitutes an 'acceptable’ coronal lumbo-pelvic spinal
alignment and / or which specific spine measurement variables should be used to define and predict
patient outcomes in the majority of cases. It is important to note that the literature on spinal alignment
has established that a better spine alignment including coronal and sagittal balance is essential for
optimal biomechanical function [12-15] and many clinical trials [16-19] have demonstrated that
corrections in patient posture and sagittal plane curvatures have resulted in relief of neurological
symptoms.

However, reviewing the literature on this topic suggests that most rehabilitation programs do
not typically consider spinal alignment variables, in particular the coronal alignment factors.
Certainly, achieving spinal sagittal balance has emerged as one of the most important clinical
outcomes and has been shown to have a significant effect on patient-related outcomes [16-19]. More
recently, imbalance in the coronal plane has been shown to negatively affect patient satisfaction and
is associated with increased pain, increased loss of function, and decreased quality of life [20-23].
Specifically, the fractional lumbo-sacral curve (FLSC), which is the coronal curvature from L4-S1 and
is generally in the opposite direction relative to the primary Cobb angle curvature in the lumbar
spine, has been detailed and found to be a predictor of poor patient outcomes in conservative and
surgical interventions in adult patient populations suffering from scoliotic deformities [24-27].
However, we could not locate any investigations looking at the FLSC in chronic low back pain
patients with radiculopathy due to disc herniations; it may be relevant to identify if the FLSC is a
predictor of patient responsive to conservative based interventions for this unique population.
Accordingly, our study sought to investigate the coronal lumbar spinal alignment as predictor of
conservative treatment outcomes in patients with chronic low back pain and radiculopathy due to
HNP using a multi-center conservative care prospective observational trial with a 6-month follow
up. We hypothesize that the magnitude of FLSC and other AP lumbar radiographic coronal
displacements would be a predictor of success or failure of conservative care outcomes in patients
suffering from low back pain and radicular pain due to HNP.

2. Materials and Methods

2.1. Study design and population.

This is multicenter, prospective cohort study conducted across 5 physiotherapy clinics in the
UAE and Egypt from January 2021 to March 2023 to assess the coronal lumbar radiographic spinal
parameters as potential predictors of conservative therapy outcomes in HNP patients suffering from
lower back pain and radiculopathy. The protocol of the study was approved by Ethical Review
Boards of the UOS [REC-21-03-11-03-S]. Written informed consent was obtained from all participants.
Patients with lumbar HNP who underwent conservative therapy as a first line of treatment were
included in this prospective study. Conservative therapy included back rest, physical therapy (back
exercise, diathermy therapy and traction, education with instructions for home-based exercise), and
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medications such as nonsteroidal anti-inflammatory drugs (NSAIDs) analgesics, muscle relaxants, or
oral narcotics.

Lumbar HNP was defined as disc herniation that occurred at any mid-lower lumbar levels (L2-
S1) and was diagnosed using magnetic resonance imaging. All types of protrusions (central,
paramedian or foraminal) and all protrusion magnitudes (bulge, protrusion, or extrusion) were
included. Figure 1 shows the qualitative types of HNP included in our investigation. The Michigan
State University (MSU) classification for lumbar disc herniation was used as it is a simple and reliable
method to objectively measure herniated lumbar discs [28]. All lumbar HNP with unilateral or
bilateral radicular pain and patients aged between 18 and 65 years old were considered eligible.
Demographical data such as age, sex, educational level, marital status, body mass index (BMI), and
smoking status were collected. Clinical follow up was scheduled for the sixth month after discharge
from active conservative care treatment. Exclusion criteria were patients with cauda equina
syndrome, pregnancy, who had received spine surgery around the lumbar region, and had
significant lumbar deformity. Additionally, anatomical leg discrepancy greater than 12mm was
excluded from our study population and was verified both by radiography clinical examination by
an Orthopedic surgeon.
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Figure 1. Lumbar HNP was defined was diagnosed using magnetic resonance imaging. All types of
protrusions (central, paramedian or foraminal) and all protrusion sizes (bulge, protrusion or
extrusion) were included. The Michigan State University (MSU) classification for lumbar disc
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herniation was used as it is a simple and reliable method to objectively measure herniated lumbar
discs [28].

2.2. Outcome variables.

The primary outcome variable used in this study was the conservative treatment outcome after
6 months follow-up after completion of active interventions (defined as success or failure). In the
current study, we defined the success criteria from the spine pain patient’s perspective across
multiple, relevant domains using patient centered outcome questionnaires. The following four end
points were considered because previous research has shown them to be clinically relevant [29]. The
rehabilitation program will be considered success if the 4 domain outcomes were decreased at
discharge time by the Optimal cutoff points according to Brown et al. [30], and this improvement was
maintained or further improved at the 6-month follow up otherwise it was considered as a failure.
The optimal cutoff points were: (1) reduction of pain of 17.5 points or more (0-100 numerical rating
scale); (2) fatigue reduction of 7.5 points or more; (3) reduction for distress by 5 points or more; and
(4) reduction of interference by 9.5 points or more. The criteria for the 6-month follow-up failure were:
(1) increase of pain or reduction less than 17.5 points; (2) increase of fatigue or reduction less than 7.5
points; (3) increase of distress or reduction less than 5 points; and (4) increase in the inference with
daily activities or reduction less 9.5 points.

Radiological Explanatory variables

The AP lumbo-pelvic radiographs were analyzed with a modified Risser-Ferguson method,
which includes a lateral translation distance of T12 compared with the S2 tubercle (Tx), an angle of
coronal bending at mid-lumbar spine (LD), an angle of the sacral base tilt angle relative to horizontal
(HB), and an angle of lateral bending of the lower lumbar vertebra compared with the sacral base
(LS); note the LS angle here is similar in concept to the FLSC in lumbar scoliotic deformity analysis.
This AP radiographic method used herein has been reported to have inter-class and intra-class
correlation coefficients in the high ranges with low standard errors of measurement (SEM < 2° for
angles and SEM < 2 mm for distances) [31]. Figure 2 demonstrates this method of AP lumbar
radiographic assessment. And these measurements are described in further detail here:

e  T12-51 centroid horizontal displacement for trunk lateral translation is measured using a vertical
line drawn up from mid-S1 or S2 tubercle. The amount of trunk shift (lateral translation) is
measured as the displacement of the centroid (Risser-Ferguson method) of T12 vertebra from
this vertical line in millimeters (Tx). Figure 2.

e  Sacral unleveling is measured relative to a line drawn across the sacral base and compared with
a true horizontal line (HB angle). Figure 2.

e  Lumbo Sacral angle is the lower lumbar vertebra centroid line relative to the sacral base line and
is the LS angle; this is similar to the FLSC in lumbar scoliotic deformity analysis. Figure 2.

¢ Lumbo-dorsal angle or mid lumbar scoliosis angle is similar in concept to a Cobb angle but it
uses all the vertebrae to create the angle and thus is more representative of actual lumbar coronal
bending alignment. Figure 2.
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Figure 2. Spine radiographs were analyzed for: (1) a lateral translation of T12 compared to S2 tubercle
(TxT12-51), (2) a mid-lumbar angle (LD), (3) the sacral base to horizontal (HB), and (4) lateral bending
of the lower lumbar vertebra compared with the sacral base (LS). This method has excellent reliability
[31].

2.3. Data analysis

The descriptive statistics utilized in our investigation included count and percentages and these
were used to describe categorical data. The Shapiro-walk test was used to test the normality of the
numerical variables. Based on this, we report the median and interquartile ranges (IQR) to describe
numerical data since all the numerical data such as age, exploratory radiological data, and the scores
of the 4 study outcomes were not normally distributed. Multiple logistic regression models were used
to assess the predictors of the success of each of the 4 outcomes as well as the 4 outcomes combined
in one variable. Generalized estimation equations were developed and this is a type of regression
used to assess the effect of time on pain, fatigue, distress, and interference scores as well as the effect
of other potential predictors. SPSS version 25.0 for Windows (IBM, Armonk, NY, USA).

3. Results

Participant demographics and characteristics

Ninety patients participated in this investigation. The median age of the participants is 44 years
with an IQR of 38-49, 73.3% of them have a normal weight, 54.4% are males, 75.6% had bachelor’s or
master’s degrees, 54.4% are smokers, 92.2% are married, 70% have unilateral pain, the MSU location
in 75.6 % of the participants is AB, however, the MSU magnitude in 92.2% of the participants is 2.
Turning to the radiological exploratory variables, the median of T12 S1 Centroid horizontal
displacement measures is 7 mm with an IQR 5 to 10 mm, the median of sacral un-leveling measures
is 3 degrees with an IQR of 2 to 5.38 degrees, the median of lumbo-sacral angle measures is 87 degrees
with an IQR 86-89 degrees, and finally the median of lumbo-dorsal measures is 7.5 degrees with an
IQR of 5-10 degrees. The 4 study outcomes are pain, fatigue, distress, and interference, the percentage
of success in these 4 outcomes are 53.3%, 53.3%, 11.1%, and 45.6% respectively, after considering the
success in the 4 outcomes together, the main study outcome showed 10% success. Table 1 and Figure
3.

Table 1. Demographic characteristics of the participants.

Demographic characteristics of the study participants N = 90!
Age 44 (38, 49)
BMI
Normal 66 (73.3%)
Obese 24 (26.7%)
Gender
Female 41 (45.6%)
Male 49 (54.4%)
Educational level
Bachelor or Master 68 (75.6%)
High school or less 22 (24.4%)
Smoking
Yes 49 (54.4%)
No 41 (45.6%)
Marital status
Married 83 (92.2%)
Not married 7 (7.8%)

Type of dominant pain
Bilateral 27 (30.0%)
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Unilateral
MSU Location
AB
BorC
MSU Magnitude
3
2
T12 S1 Centroid horizontal displacement
Sacral un-leveling
Lumbo-Sacral angle
Lumbo-dorsal angle
Pain
Failure
Success
Fatigue
Failure
Success
Distress
Failure
Success
Interference
Failure
Success

Combined outcome (Pain, Fatigue, Distress, and Interference)

Failure
Success
I Median (IQR); n (%)

63 (70.0%)

68 (75.6%)
22 (24.4%)

7 (7.8%)
83 (92.2%)

7 (5, 10)
3.00 (2.00, 5.38)
87 (86, 89)
7.5 (5.0, 10.0)

48 (53.3%)
42 (46.7%)

48 (53.3%)
42 (46.7%)

80 (88.9%)
10 (11.1%)

49 (54.4%)
41 (45.6%)

81 (90.0%)
9 (10.0%)
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Figure 3. Bar charts showing the percentage of success and failure of the 4 primary study patient
relevant outcomes [29,30].

The results of Demographic characters distributed across gender are presented in Table 2. There
were no statistically significant differences between males and females in any of the study variables.

Table 2. Demographic characters distributed across gender.

Gender
Demographic characteristics of the study participants Female, Male, p-value?
N =41! N = 49!
Age 45 (42, 49) 44 (37, 49) 0.455
BMI 0.639
Normal 29 (70.7%) 37 (75.5%)
Obese 12 (29.3%) 12 (24.5%)
Educational level 0.615
Bachelor or Master 32 (78.0%) 36 (73.5%)
High school or less 9 (22.0%) 13 (26.5%)
Smoking 0.773
Yes 23 (56.1%) 26 (53.1%)
No 18 (43.9%) 23 (46.9%)
Marital status 0.121
Married 40 (97.6%) 43 (87.8%)
Not married 1(2.4%) 6 (12.2%)

Type of dominant pain 0.890
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bilateral 12 (29.3%) 15 (30.6%)
unilateral 29 (70.7%) 34 (69.4%)
MSU Location 0.615
AB 32 (78.0%) 36 (73.5%)
BorC 9 (22.0%) 13 (26.5%)
MSU Magnitude >0.999
3 3 (7.3%) 4 (8.2%)
2 38 (92.7%) 45 (91.8%)
T12 S1 Centroid horizontal displacement 7 (5, 10) 6 (4, 10) 0.418
Sacral un-leveling 4.00 (2.00, 5.00)  3.00 (2.00,5.50) 0.533
Lumbo Sacral angle 88.00 (87.00, 89.00)87.00 (86.00, 89.00) 0.918
Lumbo dorsal angle 8.0 (6.0, 10.0) 7.0 (5.0, 10.0) 0.418
Pain 0.184
Failure 25 (61.0%) 23 (46.9%)
Success 16 (39.0%) 26 (53.1%)
Fatigue 0.184
Failure 25 (61.0%) 23 (46.9%)
Success 16 (39.0%) 26 (53.1%)
Distress 0.750
Failure 37 (90.2%) 43 (87.8%)
Success 4 (9.8%) 6 (12.2%)
Interference 0.255
Failure 25 (61.0%) 24 (49.0%)
Success 16 (39.0%) 25 (51.0%)
Combined outcome >0.999
Failure 37 (90.2%) 44 (89.8%)
Success 4 (9.8%) 5 (10.2%)
! Median (IQR); n (%)

2 Wilcoxon rank sum test; Fisher's exact test; Pearson's Chi-squared test

As shown in Table 3, all the radiological variables are strongly correlated with each other (r>0.7
and p < 0.001), for this reason, only one of these variables was used in the logistic regression models
to prevent the potential multi-collinearity. The lumbosacral angle was the most suitable variable that
was selected in all the models as the assumptions of the models were perfectly met by adding this
variable. All the potential predictors were put in the models and the assumptions of each model were
tested to make sure that each model can fit the data perfectly, regarding the model showing the
predictors of distress, the variables education level, marital status, and MSU magnitude were
removed as they showed infinite 95% CI due to the low sample size (only 10 people from 90 showed
success in reducing distress scores).

Table 3. Correlation matrix between the radiographic variables.

T12 S1 Centroid horizontal Sacral Lumbo Sacral Lumbo

displacement unleveling angle dorsal angle
T12 S1 Centroid horizontal 1
displacement
Sacral unleveling (S?J?)‘i) 1
-0.796 -0.791
1 angl 1
Lumbosacral angle (<.001) (<.001)
Lumbodorsal angle 0995 0993 0794 1

(<.001) (<.001) (<.001)
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Computed correlation used spearman-method with listwise-deletion.

As shown in Table 4, the same people who showed success in decreasing pain scores also
showed success in decreasing fatigue scores and interference, so the models showing the predictors
of pain, fatigue, and interference are the same. Age, educational level, and the lumbosacral angle
measures significantly affected the odds of success. Increasing age 1 year has significantly decreased
the odds of success of decreasing pain, fatigue, and interference scores by 15%, 15%, and 11%
respectively (Pain and fatigue OR = 0.85, p = 0.016, while interference OR = 0.89, p = 0.042). High
school or lower education has significantly increased the odds of success of lowering the scores of
pain, fatigue, and interference by 26.18, 26.18, and 7.5 the odds when compared with bachelor or
master education (p =0.006, 0.006, and 0.029 respectively). Increasing the lumbosacral angle measures
1 degree has significantly increased the odds of success of lowering the scores of pain, fatigue,
distress, and interference by 3.52, 3.52, 27.99, and 2.55 the odds respectively (p <0.001, <0.001, =0.003,
= 0.001 respectively).

Table 4. Logistic regression models showing the predictors of the 4 outcomes of the study.

Pain Fatigue Distress Interference
Predictors of Odds Ratios Odds Ratios Odds Ratios Odds Ratios p
success (95% CI) P 9%y Po@s%en P 95%cp
0.85 0.85 0.88 0.89
A 0.016 0.016 0.138 0.042
8¢ (0.73 - 0.96) (0.73 - 0.96) (0.73 - 1.03) (0.79 - 0.99)
0.26 0.26 0.72 0.16
BMI 187 187 . 067
MI[Obesel - 503 178y "7 o5-178) %18 (0.01-2633) %5 (0.02-0.99) 0
Educational
26.18 26.18 .7 7.50
High school . . . .02
[Hig IZ;]OO Of 336-36534) 0% (336-36534) %0 (0.98-4645) 0¥ (1.40-56.53) "0
Type of
: 1.33 1.33 1.35 412
dominant 10 4570 078 016-1072) 78 (0.08 - 38.89) “B2* (0.61 - 31.65) 1
pain [unilateral]
1.40 1.40 0.33 1.81
i 642 642 32 :
Smoking [Nol 24 620y %2 (03a-620) %% (0.03-277) % (0.7 -7.64) 3%
Marital status 1.54 1.54 2.31
943 943 846
[Not married]  (0.00—1487.04) % (0.00 - 1487.04) ° (0.01 - 909.88)"
MSU Location 2.58 2.58 0.07 2.45
32 32 067 32
[B or C] 041-2050) 3% (041-2050) % (0.00-0.80) %% (0.44 - 16.65) "2
MSU 0.06 0.06 0.10
157 157 266
Magnitude [2]  (0.00-253) ° 0.00-253) ° 0.00 - 4.00) °
Lumbo Sacral 3.52 3.52 27.99 2.55
.001 .001 . .001
angle 1.94-803) 000 104 503) 000409 47304 (154—491) %00
Observations 90 90 90 90

The backward selection method was used to build this model, whereas the variables of
education level, marital status, type of pain, and MSU magnitude were removed as they caused
infinite confidence intervals due to the small sample size (only 9 people from 90 showed success of
the combined outcomes). Both the crude and adjusted odds ratios of the lumbosacral angle measures
showed significance, when the lumbosacral angle increases 1 degree, the odds of success of the
combined outcome will significantly increase by 13.24 crude odds and 29.89 adjusted odds (p = 0.002
and 0.003 significantly). Table 5.

Table 5. Logistic regression model showing the predictors of the combined main study outcome.

Dependent: Crude OR Adjusted OR

doi:10.20944/preprints202310.0803.v1
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Combined Outcome
Age - 1.01 (0.92-1.12, p=0.836) 0.92 (0.76 - 1.07, p = 0.296)
BMI Normal - -
Obese (.32 (0.02 - 1.86, p=0.289) 0.85 (0.02 - 26.16, p = 0.926)
Smoking Yes - -
No 0.57(0.11-2.30,p=0.442) 0.62 (0.06 - 5.49, p =0.665)
MSU Location AB - -
BorC 0.87(0.12-3.96, p=0.870) 0.12 (0.01 - 1.25, p=0.115)
Lumbo -sacral angle - 13.24(3.52-98.70, p = 0.002)29.89 (4.95-504.31, p = 0.003)

As shown in the above GEE model in Table 6, pain scores have significantly decreased by 47
points at discharge and decreased by 38 points after the 6 months of follow-up compared to the scores
at baseline (p <0.001, < 0.001 respectively). When the lumbosacral angle increases 1 degree, the pain
scores significantly decrease by 4.4 points (p < 0.001).

Table 6. Generalized estimation equation table showing the predictors of pain score.

Dependent= pain scores Beta 95% CI p-value
Time
Baseline — —
After completion of treatment -47 -51, -44 <0.001
After 6 months -38 -42,-34 <0.001
Age 0.01 -0.24, 0.25 0.960
BMI
Normal — —
Obese 1.2 -2.6,4.9 0.540
Gender
Female — —
Male -1.7 -5.0,1.6 0.303

Educational level
Bachelor or Master — —
High school or less 3.0 -1.6,7.6 0.202
Smoking
Yes — —
No -0.02 -3.2,3.1 0.991
Marital status
Married — —
Not married -2.6 -9.0,3.9 0.437
Type of dominant pain
Bilateral — —
Unilateral 2.7 -7.3,1.8 0.237
MSU Location
AB — —
BorC 1.2 -3.4,5.8 0.614
MSU Magnitude
3 _ _
2 0.61 -7.6,8.8 0.884
Lumbo Sacral angle -4.4 -5.7,-3.2 <0.001
I CI = Confidence Interval

As shown in the above GEE model in Table 7, fatigue scores have significantly decreased by 48
points at discharge and decreased by 31 points after the 6 months of follow-up compared to the scores
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at baseline (p < 0.001, < 0.001 respectively). When age increased 1 year, fatigue scores significantly
increase by 0.38 points (p = 0.012). Those who are graduated from High school or have lower
education have significantly decreased fatigue scores by 7.6 points compared to those with bachelor’s
or master’s degree (p = 0.005). When the lumbosacral angle increases 1 degree, the fatigue scores

significantly decrease by 2.2 points (p < 0.001).

Table 7. Generalized estimation equation table showing the predictors of fatigue scores.

Dependent= Fatigue scores Beta
Time
Baseline —
After disposal -48
After 6 months -31
Age 0.38
BMI
Normal —
Obese 1.8
Gender
Female —
Male -2.3

Educational level
Bachelor or Master —
High school or less -7.6
Smoking
Yes —
No -0.36
Marital status
Married —
Not married 1.5
Type of dominant pain
Bilateral —
Unilateral 1.3
MSU Location
AB —
BorC 0.83
MSU Magnitude
3 _
2 7.3
Lumbo Sacral angle -2.2

1 CI = Confidence Interval

95% CI p-value
—51,_—45 <0.001
-36, -26 <0.001
0.08, 0.67 0.012
—2.4; 6.1 0.399
—6.0? 14 0.232
—13,_—2.3 0.005
—4.(; 3.2 0.842
—4.67 7.7 0.626
—3.776.3 0.603
-4.; 6.1 0.759
-0.8; 15 0.080
-3.5,-0.92 <0.001

As shown in Table 8, distress scores have significantly decreased by 42 points at discharge and
decreased by 19 points after the 6 months of follow-up compared to the scores at baseline (p <0.001,
< 0.001 respectively). If age increased 1 year, distress scores significantly increase by 0.39 points (p =
0.013). When the lumbosacral angle increases 1 degree, the distress scores significantly decrease by

2.5 points (p < 0.001).

Table 8. Generalized estimation equation table showing the predictors of distress scores.

Dependent= Distress scores Beta

Time
Baseline —

95% CI p-value
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After disposal -42 -46, -39 <0.001
After 6 months -19 -24, -14 <0.001
Age 0.39 0.08, 0.69 0.013
BMI
Normal — —
Obese -1.1 -6.0,3.7 0.645
Gender
Female — —
Male -2.0 -5.9,1.8 0.300

Educational level
Bachelor or Master — —
High school or less 1.1 -3.7,6.0 0.652
Smoking
Yes — —
No 0.77 -3.0,4.6 0.690
Marital status
Married — —
Not married -1.5 -8.1,5.2 0.667
Type of dominant pain
Bilateral —
Unilateral 0.04 -5.9, 6.0 0.988
MSU Location
AB — —
BorC -4.2 97,14 0.142
MSU Magnitude
3 _ _
2 -4.8 -13,3.6 0.262
Lumbosacral angle -2.5 -4.0,-1.0 <0.001
1 CI = Confidence Interval

Interference scores have significantly decreased by 49 points at discharge and decreased by 28
points after the 6 months of follow-up compared to the scores at baseline (p < 0.001, < 0.001
respectively). When the lumbosacral angle increases 1 degree, the interference scores significantly
decrease by 5.1 points (p < 0.001). Table 9.

Table 9. Generalized estimation equation table showing the predictors of interference scores.

Dependent=Interference scores Beta 95% CI p-value
Time
Baseline — —
After disposal -49 -52, -46 <0.001
After 6 months -28 -32,-23 <0.001
Age 0.24 -0.03, 0.52 0.086
BMI
Normal — —
Obese 3.2 -0.66,7.2 0.104
Gender
Female — —
Male -2.2 -5.8,1.4 0.225

Educational level
Bachelor or Master — —
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High school or less 1.6 -3.7,6.8 0.553
Smoking
Yes — —
No 1.1 -2.5,4.6 0.554
Marital status
Married —
Not married 0.27 -6.3, 6.9 0.936
Type of dominant pain
Bilateral — —
Unilateral -3.8 -8.7, 1.1 0.125
MSU Location
AB — —
BorC 0.20 -4.3,4.7 0.932
MSU Magnitude
3 _ _
2 6.0 -2.9,15 0.185
Lumbo Sacral angle -5.1 -6.4,-3.9 <0.001
1 CI = Confidence Interval

4. Discussion

The current study was conducted to investigate if coronal radiological parameters and
demographic variables might predict the successful outcome of physiotherapeutic interventions in
clinical practice. We found that age, educational level, and coronal radiological markers all had a
substantial impact on the likelihood of success. This finding is consistent with previous investigations
that found age to be a significant predictor of HNP treatment success [32][33]. In contrast to previous
studies [34][35], however, the current study findings indicate that lower education has significantly
increased the odds of success of improving the scores of pain, fatigue, and interference (by 26.18,
26.18, and 7.5) when compared to patients with a bachelors or masters education. The cause of this
discrepancy is not fully understood, where possible mechanisms include a direct effect of educational
level on occupation; the majority of more educated people might be office workers with less physical
activity which is a potential risk factor for low back pain.

4.1. Radiological parameters.

We found that the lumbosacral angle significantly affected the odds of success. We found
multicollinearity between the potential radiological predictors, i.e. that the potential predictors were
interrelated. A statistical consequence of this is that a multivariate regression model may give non-
significant results even if several of the factors are important and significant in bivariate analyses. For
instance, T12-S1 centroid horizontal displacement, sacral unleveling, lumbodorsal angle, and the
lumbosacral angle may all be important predictors, but since these variables are correlated a
regression model may give non-significant results for these predictors. As a matter of fact, the
predictor lumbosacral angle is related to several of the other radiological variables. In several of the
stepwise regression models, the lumbosacral angle was selected first. The fact that other predictors
were not selected does not mean that they are unimportant, but they could be omitted just because
part of the information they contain already is accounted for by the lumbosacral angle already
included in the model.

The current study is among the first to look at lumbar coronal radiological parameters as
predictors of the success of physiotherapeutic interventions in clinical practice for treatment of low
back pain and radiculopathy due to HNP. Though, herein, we excluded patients from our population
with LLD > 12mm, there is evidence to support mild to moderate leg length discrepancy (LLD <
12mm) and subsequent lumbosacral coronal imbalance as a cause of persistent biomechanical
changes in the lumbar spine, and those biomechanical abnormalities may result in permanent
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degenerative changes to the lumbar spine. Previously, researchers have clarified the observed link
between low back pain and coronal alignment and LLD [36-38]. The prevailing theory appears to be
that pelvic tilt and compensatory, or functional, scoliosis resulted in unbalanced stress of the lumbar
spine's intervertebral discs and facet joints in the short and long-term. This irregularity, in turn,
causes mechanical low back pain and sciatica due to foraminal stenosis caused by disc bulging or
herniation [38]. Additionally, it was considered that long-term aberrant spinal biomechanics caused
degenerative disc degeneration and irreversible abnormalities in the lumbar spine [39].

One of the important factors that might contribute to long-term failure of rehabilitation
programs is that biomechanical alterations influence the spine during gait and everyday activities. In
a comprehensive study on this issue, Khamis and Carmeli found that a LLD of 10 mm can cause
significant alterations in gait, and that these changes linearly correlate with the degree of discrepancy
[40]. Gurney et al. [41] found that patients had increased oxygen consumption and felt exertion when
they walked with a 20mm LLD as opposed to no discrepancy in an investigation of gait in 44 healthy
men and women exposed to artificial LLD (in the form of shoe lifts). In a study of 653 Finnish military
patients with persistent low back pain and 359 asymptomatic controls, Friberg noted that
symptomatic individuals were 5.32 times more likely than asymptomatic patients to have an LLD of
15 mm. In support of this positive association, the author found that 91% of symptomatic patients
treated conservatively with a shoe lift and monitored for at least 6 months had either diminished or
resolved symptoms.[38] Friberg hypothesized that functional scoliosis caused by LLD compresses
the concave side of the disc, causing it to expand posterolaterally toward the nerve root on the side
of the longer leg. This notion was supported by his observation that the majority of patients
experienced symptoms on the longer side [38].

More recent investigations have identified that imbalance in the coronal plane negatively affects
patient satisfaction and is associated with increased pain, increased loss of function, and decreased
quality of life [20-23]. For example, the fractional lumbo-sacral curve (FLSC), defined as the coronal
curvature from L4-S1 that is generally in the opposite direction relative to the primary Cobb angle
curvature in the lumbar spine, has been found to be a predictor of poor patient outcomes in
conservative and surgical interventions in adult patient populations suffering from scoliotic
deformities [24-27]. However, we could not locate any investigations looking at the FLSC in chronic
low back pain patients with radiculopathy due to disc herniations and thus ours appears to the first
conservative trial looking into this as an outcome affecting success of conservative care. The lumbo-
sacral angle used in the current investigation is a type of measurement of the FLSC for the distal
lumbo-pelvic spine and this measurement was reported two decades earlier [42]. In a population of
chronic low back pain patients, Harrison and colleagues reported the reduction of lateral trunk
translation following a program of reverse postural training and this trunk translation was shown to
improve the lumbo-sacral angles as well as other coronal radiographic measures. It may be that both
trunk lateral translation and mild-moderate LLD can contribute to increasing the lumbo-sacral angle
and that these mechanical spine displacements may be relevant to identify as a predictor of patient
responsive to conservative based interventions for this unique population.

4.2. Limitations and future investigations.

As with all investigations, our study has limitations. Primarily, this was not a randomized
controlled trial looking at the success or failure of specific treatment interventions. Thus, it is not
known whether the exact type of treatment provided was optimum as it was a compilation of
interventions known to aid patients suffering from HNP. Furthermore, because we did not
specifically look at interventions that are known to improve the lumbo-sacral angle and other coronal
radiological measures, we cannot say whether improving these coronal lumbar alignment variables
would result in better success for patients with this condition. Future randomized trials are needed
to investigate these limitations in order to determine more effective clinical intervention strategies
for patients with coronal lumbar radiographic imbalances in combination with HNP and lower back
pain with radiculopathy.
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4.3. Conclusions.

Our findings indicate that younger age, less education, and better coronal radiological lumbar
spine alignment all had a substantial impact on the likelihood of success of 6-month outcomes in
patients suffering from chronic lower back pain and radiculopathy due to HNP. Similar to the
fractional lumbo-sacral curve in lumbar scoliotic deformities, the coronal lumbo-sacral angle as
reported herein, warrants further investigation as to the effects of this radiographic spine
displacement angle on patient pain, disability, and conservative care outcomes.
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