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Radiographic Analysis of the Lumbosacral
Juncture: Is There a Critical Sacral Angle for
Total Disc Replacement?
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Study Design: Retrospective review of a patient cohort through a prospective study.

Purpose: To determine whether there are correlations between radiographic measurements, including sacral slope (SS) and pelvic
incidence (Pl), and self-reported clinical outcomes among single-level L5/S1 ProDisc-L patients.

Overview of Literature: The lumbosacral juncture presents unique biomechanical challenges with respect to artificial disc replace-
ment (ADR) because of its orientation and consequential shear loading. Reports of inferior outcomes at L5/S1 compared to those of
the outcomes at the levels above, including increased facet joint pain, suggest a relationship with the sacral inclination at L5/S1.
Methods: Plain standing lateral radiographs of 71 patients (age, 26—65 years) who underwent ADR at L5/S1 for degenerative disc dis-
ease were reviewed. SS and Pl were measured based on pretreatment and initial follow-up standing films. Patient’s average adjusted
self assessments included the Oswestry disability index and visual analog scale for pain 2 years after ADR. Correlation coefficients
were computed to evaluate relationships between radiographic parameters and clinical outcomes. Analysis of covariance was used to
evaluate multivariate relationships among factors, including radiographic parameters, body mass index (BMI), and clinical outcomes.
Results: SS and Pl values were obtained from 71 patients. The average SS was 33.3° and average Pl was 39.9°. At the 24-month
follow-up, no significant correlations (p>0.05) were observed between radiographic parameters and clinical outcomes. BMI, age, and
sex did not explain any variability in the relationships between clinical outcomes and SS and PI.

Conclusions: We reviewed a large range of SS angles and found no assaciations between SS, PI, or BMI and clinical outcomes after
ADR at L5/S1. These preliminary results demonstrate that ADR provided maintainence of pain relief and functional improvement for a
wide range of SS angles, suggesting that steeper angles are not a contraindication for ADR.
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Introduction area of the spine [1]. Its oblique orientation and caudal

location exposes it to extreme levels of compressive and

For many years, the lumbosacral junction has been rec- shear forces that are not observed anywhere else in the
ognized as an anatomically and mechanically challenging spine. These difficulties are further complicated by the
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wide variety of curvatures and morphologies within the
general population.

Historically, the development of the sacrovertebral angle
and corresponding lumbar lordosis has been related to the
progressive acquisition of an erect posture and the ontog-
eny of bipedal locomotion. This evolutionary process that
distinguishes us from our ancestors has not been perfect-
ed and is continually changing to enable the comfortable
maintenance of an erect posture. As a consequence, the
sacrovertebral angle and lordotic curve exhibit a relatively
broad frequency of distribution [2,3].

Stability at the lumbosacral junction depends on the
orientation of L5 with respect to the sacrum, lumbosacral
angle, sacral slope (SS), and pelvic incidence (PI). Altera-
tions in these spinopelvic parameters have been associated
with a variety of pathological conditions, including low
back pain [4,5], disc degeneration [6,7], and spondylolis-
thesis [8-10]. This suggests that morphological abnormali-
ties play a role in the stresses and loads experienced by
the disc, facets, and surrounding tissues that predispose
a patient to spinal disorders. In 2005, Keller et al. [11]
analyzed this relationship in a cross-sectional study and
showed a correlation between lumbar shear and compres-
sive stresses and T12-S1 sagittal balance, lumbar lordosis,
and SS, confirming that the spinal column morphology
dictates mechanical factors that, in turn, influence the fre-
quency of lumbar spine pathologies.

Of particular interest is the inclination of the upper
surface of the sacrum (S1) in relation to the horizon. The
more marked this inclination, the greater the tendency of
L5 to slip downward and forward, creating greater strain
on the ligments, muscles, intervertebral disc, and articu-
lar processes. Previous studies have recognized the L5/S1
junction as a challenging region for arthrodesis [12,13],
but to date, there have been no investigations on its influ-
ence on artificial disc replacement (ADR) procedures de-
spite clinical reports of outcomes at L5/S1 being inferior
to those at the levels above [14,15]. In addition, the facets,
which are largely responsible for resisting the forward
displacement of L5 on S1, have been reported to show
increased levels of degeneration and arthritis post-ADR
implantation [16,17].

Therefore, the purpose of this initial investigation was
to determine whether there are relationships between ra-
diographic measurements, including SS and PI, and self-
reported clinical outcomes of visual analogue scale (VAS)
back pain (VAS pain) and Oswestry disability index (ODI)

among single-level L5/S1 ADR patients. Existing data
from a clinical investigation were used to examine pos-
sible relationships that are interesting for further specifi-
cally designed studies.

Materials and Methods

1. Design

This study entailed an additional post-hoc analysis of
existing data collected prospectively in the multicenter
randomized clinical trial of ProDisc-L (Spine Solutions/
Synthes Spine, Solothurn, Switzerland) vs. 360° Fusion.
A retrospective detailed review of radiographs was com-
pleted and additional measurements were collected for a
subcohort of patients with degenerative disc disease treat-
ed only at L5/S1 with a ProDisc-L. These additional pa-
rameters were analyzed against existing outcome data to
generate working hypotheses on the relationship among
SS, PI, and clinical outcomes after ProDisc-L.

2. Radiographic measurements

Plain standing lateral radiographs were reviewed and se-
lected by an author (R.A.) for viewing the femoral head. SS
and PI were measured on preoperative and/or initial fol-
low-up standing sagittal radiographs. SS was determined
as the angle between a horizontal line (parallel to the
floor) and a parallel line on or with respect to the superior
endplate of S1. PI was determined as the angle between a
line drawn from the center of femoral head to the centroid
of the superior endplate of S1 and a line perpendicular to
the superior sacral vertebral endplate (Fig. 1).

Fig. 1. (A) Sacral slope measurement. (B) Pelvic incidence measurement.
SS, sacral slope; PI, pelvic incidence.
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Table 1. Descriptive information of patients and self-assessment outcomes

Variable

Age (yr) Al 46.55
BMI (kg/m?) 71 25.69
Preoperative VAS Al 6.93
2-Year VAS 63 2.98
Preoperative ODI Al 29.76
2-Year ODI 64 13.86

Minimum Maximum Standard deviation
26.48 65.13 8.64
18.17 35.63 3.78
1.3 9.8 1.98
0 9.81 2.61
19 40 5.66
0 38 1.07

BMI, body mass index; VAS, visual analogue scale; ODI, Oswestry disability index.

Table 2. Sacral slope (SS) and pelvic incidence (P!) data

Variable

SS 55 3325
Low (<35°) 31 28
Medium (35°—45°) 20 37.90
High (>45°) 4 50.75

Pl 29 39.56

Minimum Maximum Standard deviation
22 61 7.62
22 34 3.67
35 42 2
46 61 6.95
10 54 9.78

3. Patient self assessments and characteristics

Patients previously completed a series of questionnaires
as part of their normal follow-up and participation in the
clinical trial. The self assessments included the ODI and
VAS for back pain at 6 weeks and 3, 6, 12, and 24 months
after surgery. The outcomes at 24 months were used as
one of the dependent variables. For VAS back pain and
OD], a second type of outcome measure was computed as
the average adjusted across all postoperative time inter-
vals for each patient, yielding a stable outcome parameter
as the average VAS (aVAS ) and average ODI (aODI) for
each patient. Patient characterstics were collected through

pain.

the standard intake questionnaires that were given as part
of the initial screening and clinical trial work-up.

4. Statistical analysis

We compared the preoperative and postoperative self-
assessment outcomes (VAS and ODI) between each group
(SS and ODI) using the Paired ¢ test for normally distrib-
uted data and Wilcoxon signed-rank test for non-normal-
ly distributed data. Correlations between radiographic (SS
and PI) and clinical self-assessment outcomes (VAS and
ODI) were calculated using Pearson’s correlation analysis
for normal distribution and Spearman’s correlation for

non-normal distribution. Multivariate analysis of variance
was also used to evaluate clinical outcomes as a function
of the radiographic parameters SS and PI and other pa-
tient characteristics, including body mass index (BMI),
patient age, and sex. All analyses were performed using
Stata software ver. 14.0 (StataCorp., College Station, TX,
USA).

Results

Seventy-one patients (age, 26-65 years) who underwent
single-level ADR at L5/S1 for degenerative disc disease
were reviewed. The SS and PI could be measured from
radiographs in 55 and 29 of these patients, respectively.
These 71 patients comprised the subcohort of this study;
56.3% (40/71) were males, the average age was 46 years
(range, 26-64 years), and the average BMI was 25.6 (range,
18.1-35.6) (Table 1).

The average SS was 33.3° (22°-61°) and average PI (10°-
54°) was 39.6° (normal range SS, 41°+8.4°% PI, 55°+9.8°)
[18]. On the basis of the findings of an anatomical study
in a normal population [19], we classified SS into 3
groups: low, <35°% medium, 35°-45° and high, >45°. The
majority of SS data fell into the low range (<35°), and the
average PI value also was low (Table 2).

Postoperative VAS for pain and ODI of the SS and PI



I WAYA Rattalerk Arunakul et al. Asian Spine ] 2017;11(2):249-255

Table 3. Preoperative and postoperative self-assessment outcomes comparison in SS and Pl groups

Variable Preoperative
SS
VAS 6.90+2.10
0Dl 30.0045.73
Pl
VAS 6.80+2.05
0Dl 29.1045.39

2-Year follow-up p-value
3.11£2.63 <0.001
14.71£11.05 <0.001
3.02+2.47 <0.001
15.04+10.83 <0.001

SS, sacral slope; PI, pelvic incidence; VAS, visual analogue scale; ODI, Oswestry disability index.

Table 4. Correlation between radiographic parameters and self-
assessment outcomes

Variables Corr_el_ation p-value
coefficient (r)

SS and Preop VAS? 0.33 0.01”
SS and 2-year VAS? 0.05 0.75
SS and Preop ODI? 0.09 0.49
SS and 2-year ODI” 0.002 0.99
Pl and Preop VAS? 0.16 0.41

Pl and 2-year VAS” -0.11 0.58
Pl and Preop ODI? 0.26 017
Pl and 2-year ODI” -0.17 0.39

SS, sacral slope; Preop, preoperative; VAS, visual analogue scale; ODI,
Oswestry disability index; PI, pelvic incidence.
“Pearson correlation; "Statistic significance; “Spearman correlation.

groups significantly improved (Table 3). Correlations
among the patient’s demographic data, radiographic
parameters, and self-assessment clinical outcomes were
evaluated. Sex and BMI were significantly correlated with
age (r=-0.42, p=0.002; r=0.36, p=0.008; resepectively). In
terms of radiographic parameters, significant correlations
were found between SS and sex (r=-0.32, p=0.026) and
between SS and preoperative VAS (r=0.33, p=0.01) (Table
4). SS and PI were only marginally correlated (r=0.39,
p=0.07) with each other, but interestingly, the correlation
became statistically significant (r=0.73, p=0.001) when
BMI was included as a cofactor. At the 24-month follow-
up, there were significant (p<0.05) correlations among the
self-assessment outcomes (preoperative VAS and ODI,
average postoperative VAS and ODI, and average pre-
postoperative VAS and ODI) except for the preoperative
and 2-year VAS (r=0.18, p=0.16). No significant correla-
tions were observed between the average SS and ODI, SS

and VAS, PI and ODI, and PI and VAS. There were also
no significant correlations between SS and PI and any of
). BMI
did not explain any variability in the relationships be-

the average adjusted measures (aODI and aVAS

pain

tween clinical outcome measures and SS and PI.

Discussion

PI and SS have been shown to be highly correlated with
each other and with pelvic tilting, sagittal spinal curves,
lordosis and kyphosis [20-22]. Roussouly et al. [23] de-
scribed a wide variation in spinopelvic alignment and
concluded that SS and pelvic alignment influence the
lower lumbar lordotic curve. In addition, they determined
that sagittal spinopelvic anatomy and alignment changes
in severe spinal deformity play important roles in treating
patients with spinal deformities. Wang et al. [24] showed
that anatomical relationship patterns were altered in high-
grade spondylolisthesis, especially for subjects with a
retroverted sacropelvis. In these patients, correlations be-
tween PI and pelvic tilt and between the sacropelvic unit
and lumbar spine geometry were lost [24]. Mac-Thiong
et al. [25] studied spinopelvic alignment and its relevance
to lumbosacral developmental spondylolisthesis. They
concluded that posture is abnormal in high-grade spon-
dylolisthesis associated with a retroverted sacropelvis,
indicating that surgical reduction of the local lumbosacral
deformity in these patients could be attempted to restore
the normal posture [25]. Schwab et al. [18] found that
pelvic tilt was highly correlated with patient self-reported
function (ODI, SF-12, and scoliosis reserch society). They
concluded that optimal treatment of patients with spinal
deformity required integration of the pelvis in the preop-
erative evaluation and treatment plan.

Clearly, the relationship between spinal deformity and
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spinopelvic alignment has been recognized. Conversely,
the correlation of spinopelvic alignment with surgical out-
come of lumbar ADR has not been thoroughly explored.
Theoretically, steep sacral inclination leads to increased
shear stress on the implants when either ADR or fusion
procedures are performed [11]. This might explain why
some recent studies have shown outcomes of L5/S1 TDR
being inferior to those of L4/5. Siepe et al. [15] followed
99 patients for an average of 25.8 months and found that
results deteriorated when monosegmental ADR was
performed at the lumbosacral junction, with a tendency
toward statistical significance at the 24-month follow-
up. Fluoroscopically guided spine infiltrations confirmed
that the incidences of postoperative pain from posterior
joint structures were 9.1% and 28.1% for L4/L5 and L5/S1
TDR [15]. Failure analysis study was performed by Siepe
et al. [16] The same findings were observed with inferior
outcome and a significantly higher incidence of posterior
joint pain after ADR at L5/S1 (21.6%) and bisegmental
TDR at L4/5/S1 (33.3%), respectively, when compared
with those of L4/5 TDR (14.8%). However, Sinigaglia et al.
[26] found no difference between 14/5 and L5/S1 TDR for
postoperative 36-Item Short Form Health Survey, ODI,
and VAS for pain. Furthermore, replacement of the L4/
L5 disc had a higher risk of complications, the majority
of which were approach or junctional pathology related,
than that of L5/S1 [26].

In this study, we investigated whether spinopelvic anato-
my, in particular, SS and PI, could be a predictor of surgical
outcomes after ADR at the lumbosacral junction. Because
of radiographic problems with viewing the femoral head,
we only obtained PI values for 29 patients and SS values
for 55 for patients in the dataset. The average SS was 33°,
which is lower than that reported in the literature (nor-
mal range, 40-60) [27-29]. This asymmetric distribution
may have been because of the small number of patients
or unintended selection bias of patients by the surgeon. A
significant correlation was shown between SS and preop-
erative VAS pain. However, we did not show any signifi-
cant correlations between the alignment parameters and
postoperative clinical outcomes. This might be explained
by the effectiveness of ADR to eliminate pain and improve
patients’ quality of life after surgery, an idea supported by
the significant statistical improvement in postoperative
self-assessment outcomes in both the SS and PI groups.

There were a number of study limitations that should be
considered. Our study was retrospective in nature, and we

were only able to obtain precise measurements of SS and
PI in a relatively small number of patients. These study
characteristics may have affected the results, such as by
causing a mismatch in the statistical significance between
the preoperative and postoperative ODI score and VAS
for pain. In addition, this study was limited to a 24-month
follow-up, and the negative effects of a high SS or other
sacropelvic parameters may not have had the time to
become evident. The ODI and VAS scores are also inher-
ently limited and may not have been able to detect early
signs of degeneration based on mismatched kinematics.
Radiographic measures, especially of the index-level fac-
ets, would probably provide more insight. There is also the
possibility that SS only affects clinical outcomes of ADR
when combined with other confounding factors such as

obesity.

Conclusions

Previous studies have not investigated whether ADR is an
appropriate treatment for patients with steep SS angles.
We reviewed a large range of SS angles (22°-61°) and
found no associations between SS or PI and clinical out-
comes after treatment with an artificial disc at L5/S1. In
addition, there were no relationships among SS, BMI, and
clinical outcomes. These preliminary results demonstrate
that ADR can provide maintainence of pain relief and
functional improvement for a wide range of SS angles,
suggesting that steeper angles are not a contraindication
for ADR. Further studies incorporating longer-term clini-
cal results are necessary to provide more insight into this
clinically important question. Therefore, we recommend
standing film radiography as a routine preoperative evalu-
ation, which will enable quantification of these spinopel-
vic parameters. With a more complete data set, we may
find that SS and PI have important implications for the
evaluation and treatment of ADR outcomes and/or other
surgical interventions.
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