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Abstract:

Introduction: Hip dislocation rates in patients with combined total hip arthroplasty (THA) and spinal deformity fixation
are significantly higher than those of THA alone. Nevertheless, there are no treatment recommendations for patients who
undergo THA and require a spine deformity correction later.

Methods: Twenty-eight patients underwent spinal fixation surgery for adult spinal deformity. Sagittal spinopelvic align-
ment was analyzed on lateral radiographs taken preoperatively and postoperatively in the sitting and standing positions. Uni-
variate linear regression analysis was conducted to identify the factors affecting the pelvic inclination in the sitting position
after spinal fixation. Multiple regression analysis was conducted to determine the most efficient combination of radiographic
parameters for predicting postoperative pelvic inclination while sitting.

Results: There were significantly weak associations between postoperative sacral slope (SS) in the sitting position and
the following factors: the number of vertebral levels fused ( = 0.30, p = 0.003); the presence of sacral fixation (B = 0.22, p
= 0.01); the presence of sacroiliac joint fixation (f = 0.24, p = 0.008); and preoperative SS while standing and sitting (§ =
0.21, p = 0.01 and B = 0.34, p = 0.001). Postoperative lumbar lordosis (LL) while standing was strongly associated with
postoperative SS in the sitting position (B = 0.67, p <.0001). The combination of postoperative LL in the standing position
and preoperative SS in the sitting position was the best fit, and the adjusted R-squared was 0.82.

Conclusions: We devised a prediction formula for pelvic inclination while sitting after spinal fixation that has high pre-
dictability: postoperative SS while sitting = 11.7+ (0.4 x postoperative planned LL while standing) + (0.16 x preoperative
SS while sitting). This study could be the basis for treatment recommendations for patients who have undergone THA and
require a spine deformity correction later.
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Introduction Spinal fixation impedes pelvic rollback motion when

shifting from the standing to sitting position”. It is thought

Since the concept of hip-spine syndrome was proposed in
1983", it has been our common understanding that hip joint
lesions and spinal lesions are related. For severe spinal le-
sions, spinal fixation and correction of spinal deformities are
performed, and for hip osteoarthritis, total hip arthroplasty
(THA) is often performed. There have been reports of re-
peated hip dislocation after spinal surgery”. King et al. sur-
veyed more than 17,000 patients who underwent spinal fu-
sion after THA and reported a significantly increased risk of
dislocation compared to that of THA alone”.

that, as a result, impingement between the anterior edge of
the cup and the femoral stem occurs and causes posterior
dislocation”.

Because most of the anterior impingement occurs at the
time of posture change from the sitting position, it is impor-
tant to grasp the pelvic inclination in the sitting position;
nevertheless, details regarding pelvic inclination while sitting
after spinal fixation in adult spinal deformity (ASD) have
not been clarified. Therefore, the purpose of this study was
to identify the factors affecting pelvic inclination while sit-
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Table 1. Baseline Demographic Characteristics and Spinal-Pelvic Parameters.

Mean SD Max Min
Sex (M:F) 4:24
Age 71.7 6.5 82 58
Number of levels fused 7.5 32 12 3
Presence of sacral fixation (%) 67.9
Presence of sacroiliac joint fixation (%) 50.0
Preoperative LL while standing 2.7 20.9 35 =30
Postoperative LL while standing 329 13.7 64 4
Preoperative SS while sitting 8.5 12.7 31 -17
Preoperative PI-LL 48.3 18.7 96.8 16
Postoperative PI-LL 18.0 13.2 41 -16

SD: standard deviation; Max: maximum; Min:
PI: pelvic incidence

ting after ASD surgery and to determine the goodness of fit
of a new formula for predicting postoperative pelvic inclina-
tion with preoperative spinopelvic parameters.

Materials and Methods

This study was approved by the institutional review
board. In this retrospective study, patients with ASD treated
with initial lumbar fixation surgery at our hospital between
December 2015 and January 2019 were reviewed. The inclu-
sion criteria were as follows: 1) patients underwent spinal
fixation surgery for ASD; 2) complete preoperative and post-
operative long-cassette lateral radiographs of the spine and
pelvis while sitting and standing; and 3) no evidence of hip
or hamstring contractures. Back pain and deformity were
major indications for surgery in ASD. Patients with a history
of surgery for spinal or pelvic trauma, infections, or tumors
were excluded. Patients with histories of previous hip sur-
geries were also excluded. The contracture of the hamstrings
is defined as sensing pain when the leg is at an angle less
than 70° in the straight leg raise test. Hip contracture is de-
fined as pain at less than 90° of flexion, 15° or less of ab-
duction, 10° or less of external rotation, or 20° or more of
flexion contracture. Informed consent was obtained from all
subjects.

Spinal fixation was carried out by the same institutional
spine team. Preoperative long-cassette lateral radiographs of
the spine and pelvis of the patient’s upper limbs on the
knees while sitting were obtained. In all cases, these radio-
graphs were re-acquired within 1 year after surgery. The sit-
ting position was an upright posture with the head and trunk
vertical on the same stool without a seat back. In this sitting
position, the lower legs were bent about 90° at the hips, and
knees and feet were on the ground. Long-cassette lateral ra-
diographs of the spine and pelvis in the standing position
were obtained with the patient’s hands on the clavicles.

To quantify the sagittal spinopelvic alignment in the sit-
ting position, the following radiographic parameters were
measured on the lateral radiographs using Centricity Enter-
prise Web (v3.0; GE Healthcare, Barrington, USA): lumbar

minimum; LL: lumbar lordosis; SS: sacral slope;

lordosis (LL) while standing and sitting; sacral slope (SS)
while standing and sitting; and pelvic incidence (PI) while
standing. All radiographic data collection was performed by
an experienced independent board-certified orthopedic sur-
geon (D.N., 15 years) who was not involved in the treatment
of the patients.

Statistical analysis

All statistical analyses were performed using JMP 14.1
statistical software (SAS Institute Inc., North Carolina,
USA). Continuous variables are expressed as mean * stan-
dard deviation. The preoperative and postoperative data were
compared using the paired t-test. Univariate linear regression
analysis using the ordinary least squares was performed to
identify the factors affecting the pelvic inclination in the sit-
ting position after spinal fixation. Multiple regression analy-
sis was performed to determine the most efficient combina-
tion of radiographic parameters for predicting postoperative
pelvic inclination in the sitting position.

Results

Four male and 24 female ASD patients were included in
the study. Their average age was 71.7 years (range 58-82
years). The average number of levels fused was 7.5 seg-
ments (3-12).

LL while standing improved significantly from 2.7° =+
20.9° before surgery to 32.9° =+ 13.7° after surgery. The
mean value of preoperative SS while sitting was 8.5° =+
12.7°, and the postoperative value was 26.3° + 8.0° after
surgery. The baseline demographic characteristics
spinal-pelvic parameters are summarized in Table 1. Univari-
ate analysis with a p-value of less than 0.05 demonstrated
no significant relationship between postoperative SS while
sitting and the following factors: age, gender, and preopera-
tive LL while standing and sitting (Table 2). A significantly
weak association was demonstrated between postoperative
SS in the sitting position and the following factors: the
number of vertebral levels fused (B = 0.30, p = 0.003); the
presence of sacral fixation (f = 0.22, p = 0.01); the presence

and
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Table 2. Univariate Analysis for Postoperative SS
while Sitting.

Variable B P-value
Age 0.12 0.08
Sex 0.03 0.41
Number of vertebral levels fused 0.30 0.003
Presence of sacral fixation 0.22 0.01
Presence of sacroiliac joint fixation — 0.24 0.008
Preoperative LL while standing 0.08 0.14
Preoperative LL while sitting 0.07 0.18
Preoperative SS while standing 0.21 0.01
Preoperative SS while sitting 0.34 0.001
Preoperative PI while standing 0.55  <0.0001
Postoperative LL while standing 0.67  <0.0001

B: standardized beta coefficient; LL: lumbar lordosis; SS: sacral
slope; PI: pelvic incidence

of sacroiliac joint fixation (f = 0.24, p = 0.008); and preop-
erative SS while standing and sitting (B = 0.21, p = 0.01
and B = 0.34, p = 0.001). Preoperative PI while standing
was associated moderately with postoperative SS in the sit-
ting position (B = 0.55, p <.0001). Postoperative LL while
standing was strongly associated with postoperative SS in
the sitting position ( = 0.67, p <.0001).

Of these radiographic parameters, only postoperative LL
while standing is a parameter for which spinal surgeons can
intervene. Under conditions including postoperative LL
while standing, combinations with these significant factors
for predicting postoperative SS in the sitting position were
examined using multiple regression analysis (Table 3). The
combination of postoperative LL in the standing position
and preoperative SS while sitting was the best fit, and their
adjusted R-squared indicating how well the formula fits was
0.82. On the basis of the regression formula, we created the
following prediction formula:

Postoperative SS while sitting = 11.7+ (0.4 x postopera-
tive planned LL while standing) + (0.16 x preoperative SS
while sitting). The achievement rate within a targeted error
range between the predicted value and the measured value
was 46.4% within 3° error, 71.4% within 5° error, and
96.4% within 7° error.

Discussion

We devised a prediction formula for pelvic inclination
while sitting after spinal fixation that has high predictability.
Details regarding pelvic inclination while sitting after spinal
fixation in ASD were clarified for the first time.

In recent years, an increasing number of patients undergo-
ing both spinal fusion and hip arthroplasty have been re-
ported. Malkani et al. reported a 293% increase in the num-
ber of patients with lumbar spinal fusion (LSF) undergoing
THA between 2002 and 2014. The sequence of surgical in-
tervention for concomitant lumbar and hip pathology requir-
ing LSF and THA, respectively, significantly impacts the
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Table 3. Fitting of Combinations with Postoperative LL
in Standing Using Multiple Regression Analysis for Predict-
ing Postoperative SS while Sitting.

Variable Adjusted P-value
R-square

Number of vertebral levels fused —-0.07 0.90
Presence of sacral fixation 0.003 0.37
Presence of sacroiliac joint fixation 0.04 0.22
Preoperative SS while standing 0.36 0.0016
Preoperative SS while sitting 0.82 <0.0001
Preoperative PI while standing —-0.09 0.94

LL: lumbar lordosis; SS: sacral slope; PI: pelvic incidence

fate of the THA performed”. A survey including more than
17,000 patients who underwent spinal fusion after THA re-
ported a significantly increased risk of dislocation compared
to that of THA alone”.

Most of the anterior impingement occurs in the sitting po-
sition. In fact, hip precautions prescribed to prevent hip dis-
location emphasize the sitting position®”. Hip precautions
encourage patients to avoid bending the hip past 90°, twist-
ing their leg in or out, and crossing their legs. Patients are
also encouraged to sit with their hips higher than their
knees. Hip precautions may also include avoiding riding in a
car or sitting in any low seat.

After spinal fixation, pelvic rollback motion while sitting
is prevented, and spinopelvic motion is compensated by hip
joint alone. Therefore, it is more important to attain pelvic
inclination in the sitting position. Postoperative changes in
sagittal spinopelvic alignment in the sitting position was re-
ported in adolescents with idiopathic thoracic scoliosis®.
However, there is no such report after spinal fixation in
ASD.

Sultan et al. presented an algorithm regarding how to sur-
gically address patients who simultaneously require THA
and ASD correction”. In their straightforward algorithm, sur-
gical management is prioritized according to the more
symptomatic region.

For patients who had a spine deformity corrected and
then required a THA later, Phan et al. proposed treatment
recommendations on the basis of spinal flexibility and bal-
ance for ideal cup positioning'”. Nevertheless, for patients
who had a THA and require a spine deformity correction
later, there are no treatment recommendations.

Malkani et al. found that patients with prior LSF undergo-
ing THA are at significantly higher risk of dislocation and
subsequent revision compared with those with THA first fol-
lowed by delayed LSF”. This suggests that there is a possi-
bility that the number of patients with THA first followed
by later LSF would increase in the future. There is a grow-
ing need to provide treatment recommendations for these
patients. This study could be the basis for such recommen-
dations.

This study has made it possible to predict the postopera-
tive SS while sitting when LSF is performed on the basis of
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Figure 1. Three-dimensional ROM simulation [ZedHip® soft-
ware (LEXI Co., Ltd., Tokyo, Japan) ]. SS while sitting was 16°.
Anterior impingement occurred in the left hip joint at 122° flex-
ion, 10° adduction, and 10° internal rotation (a). Postoperative
SS while sitting was predicted to be 41°. Anterior impingement
occurred at 100° flexion, 10° adduction, and 10° internal rotation
at that time (b).

a target value such as PI-LL < 10°. By combining the re-
sults of this study and a three-dimensional (3D) range of
motion (ROM) simulation system, it becomes possible to
simulate flexion in the sitting position. The 3D ROM simu-
lation enables precise detection of impingement and indi-
cates each angle in three directions. Fig. 1 is an example of
the 3D ROM simulation, in which the flexion angle de-
creases with correction of pelvic inclination. Nevertheless,
this is insufficient for an accurate evaluation of the risk of
THA dislocation for ASD patients with LSF.

While studying 3D joint kinematics during activities of
daily living (squatting, kneeling, and sitting cross-legged),
the ranges of hip motion required to perform these activities
in healthy subjects were revealed'"'”. Nevertheless, the range
of hip motion required in patients undergoing LSF remains
unknown. Once this becomes clear, we can understand the
risk of THA dislocation in daily activities for patients with
LSF. This would lead to the identification of correct target
values of LL that should be recommended as well as the ne-
cessity of cup revision.

Spine Surg Relat Res 2020; 4(3): 242-246

There are several limitations to this study. First, this was
a single-center study and therefore may be subject to selec-
tion bias. For this reason, we instituted strict inclusion and
exclusion criteria. Multi-center studies are needed to validate
our findings. Second, the sitting posture with the trunk verti-
cal used at the time of radiographs requires an effort to
maintain a neutral sitting position. This posture may be very
different from the comfortable sitting posture with only a
minimal trunk muscular effort used in daily life.

In conclusion, the prediction formula for pelvic inclina-
tion in the sitting position after spinal fixation devised in
this study has high predictability and should be considered
useful. The prediction formula is as follows: postoperative
SS while sitting = 11.7 + (0.4 x postoperative planned LL
while standing) + (0.16 x preoperative SS while sitting).
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