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reliably predict the presence of lumbar spine stiffness.

Methods: This is a prospective, cross-sectional, case-cohort study of patients who have end-stage pri-
mary hip OA, who underwent primary total hip arthroplasty (THA). Patients were compared with a
cohort of asymptomatic volunteers, matched for age, sex, and body mass index (BMI), serving as a control
group. Spinopelvic pathologies were defined as: lumbar spine flatback deformity (difference of 10 or

f;?/:(/);redli'ic more degrees for pelvic incidence minus lumbar lordosis angle), a standing sagittal pelvic tilt of 19° or
hip more and lumbar spine stiffness (lumbar flexion of less than 20° between both postures).

spine Results: The prevalence of spinopelvic pathologies was similar between patients and controls (flatback
arthroplasty deformity: 16% versus 10%, P = .209; standing pelvic tilt >19°: 17% versus 24%, P = .218; lumbar spine
lumbar spine stiffness stiffness: 6% versus 5%, P =.827). Age over 65 years-old and standing lumbar lordosis angle less than 45°

were associated with high sensitivity and specificity for identifying lumbar spine stiffness (age >65
years: 82% and 66%; standing lumbar lordosis angle <45°: 85% and 73%).
Conclusion: The presence of end-stage hip osteoarthritis was not associated with increased prevalence of
adverse spinopelvic characteristics compared to matched, asymptomatic volunteers. Age and LLstanding
are the strongest predictors of lumbar spine flexion and can guide clinical practice on when to obtain
additional radiographs for patients who have hip OA before arthroplasty to identify at-risk patients.
Level of Evidence: 11 (prospective, cohort study).

© 2023 Elsevier Inc. All rights reserved.
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Spinopelvic characteristics, particularly lumbar spine stiffness,
defined as lumbar flexion less than 20°, have been identified as an
important factor associated with the risk of revision after total hip
arthroplasty (THA) [1-4]. Patients who have lumbar spinal
arthrodesis and those who have degenerate, stiff, lumbar spine
have been shown to be at increased risk of dislocation following
THA [1—4]. These associations highlight the importance of studying
the hip—spine association in greater detail.

The femur, pelvis, and spine form an important kinetic chain
and work together to allow for efficient movement while tran-
sitioning between positions. Data among healthy volunteers and
patients have shown great variability in spinopelvic characteristics
[5,6]. Patients who have hip osteoarthritis (OA) have increased
pelvic motion when transitioning between the standing and seated
positions [5,6], which “normalizes” in most patients following hip
arthroplasty, as the hip’s range of motion is restored [6,7]. To
identify patients at risk of complications post-THA due to lumbar
spine stiffness, some advocate for the assessment of change in
sacral slope between the standing and seated positions [8]. This
parameter measures the sagittal motion of the pelvis and has been
adopted as a surrogate measure of lumbar spine motion, due to the
direct linkage of the pelvis with the lumbar spine. However, the
value of the change in sacral slope has been questioned [9].

The aims of this prospective case-control study were to (1)
Define the prevalence of spinopelvic abnormalities (lumbar spine
stiffness, abnormal pelvic tilt, and spinopelvic imbalance) among
patients who have hip OA; (2) Test if the prevalence is different to
matched healthy volunteers; and (3) Identify factors that reliably
predict the presence of lumbar spine stiffness, which can be used as
screening tools for patients pre-THA.

Patients and Methods
Study Design

This is a prospective, case-control study of patients who have
end-stage hip OA, who underwent primary THA between January
1st 2019 and December 31st 2021 in 2 tertiary academic centers.
The patients were compared with a cohort of asymptomatic vol-
unteers, matched for age, sex, and body mass index (BMI), serving
as a control group with a 2:1 ratio.

Hip OA patient cohort
358 patients (358 hips)

Inclusion criteria:
Age > 18 years.
Primary  hip  osteoarthritis  (Kellgren-
Lawrence grade 3-4) or
Secondary hip osteoarthritis  (Kellgren-
Lawrence grade 3-4) due to Crowe grade I
dysplasia of the hip. avascular necrosis of
the femoral head, Perthes’ disease, slipped
capital femoral epiphysis

Exclusion criteria:
Lack of consent
Technical reasons

Study Power

Study power was determined as per lumbar flexion. Lumbar
spine flexion in patients who have hip OA has been reported to be
40 + 14°, while lumbar flexion has been reported to be 46 + 15° for
asymptomatic volunteers [9,10]. Therefore, a priori sample size
calculation was performed in G-power (G*Power Version 3.1.9.2,
University of Duesseldorf, Germany) aiming to detect a minimum
difference in 6° for the change in lumbar lordosis angle when
moving from the standing to deep-seated position between both
cohorts [5]. Assuming a 2:1 matching ratio for patients and con-
trols, @ minimum of 137 patients and 69 controls was needed to
achieve sufficient power (1-f = 0.95, o = 0.05). The study was
approved by the institutional review board of the Heidelberg Uni-
versity Hospital, Germany(S-065/2017) and the Ottawa Hospital,
Canada (20,200,597-01H) and conducted as per the Helsinki
Declaration of 2008. All participants signed an informed consent.

Study Population

Study Group—Hip Osteoarthritis Patients

During the study period, 357 consecutive patients awaiting total
hip arthroplasty for primary or secondary hip OA (Kellgren-Law-
rence grade 3 to 4), were prospectively recruited [11]. Exclusion
criteria were age younger than 18 years, lack of consent, or tech-
nical reasons such as poor quality or incomplete radiographs.

Control Group—Asymptomatic Volunteers

During the same study period, a control group of 106 volunteers
older than 18 years, who had BMI <40, and absence of hip symp-
toms (Oxford hip score >45; 0 to 48 worse-best), radiographic signs
of hip osteoarthritis (Tonnis <1) [12], and history of spinal or any
prior lower limb surgery, were recruited. The volunteers were
recruited between March 1st 2018 and November 30th 2021 and
were patients that presented to upper limb fracture clinics or
healthcare workers, interested in participating in the study after
signing an informed consent form.

Matching

A case-control matching was performed for the variables of age
(+5 years), sex (identical), and BMI (+3) for each of the hip OA
patients and asymptomatic volunteers using a case-con-
trol-matching algorithm, resulting in the final study cohort of 140

Control cohort
107 subjects (107 hips)

Inclusion criteria:
Age > 18 years
No hip complaints (Oxford hip score >45)
No radiographic signs of hip osteoarthritis
BMI <40kg/m?
No history of spinal surgery
No history of lower limb surgery

I

Case-Control-Matching
For age, sex and body mass index

Final study cohort
140 patients versus 70 matched control subjects

Fig. 1. Flowchart of the cohort included in the study.
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Table 1
Demographic and Surgical Data of the Cohort.

Parameter Overall Hip OA Group (n = 357) Matched Hip OA Group (n = 140) Matched Control Group (n = 70) P Value
Mean age (y + SD [range]) 66.8 + 12.4 (22.5 to 91.3) 59.0 + 13.1 (22.5 to 87.5) 56.9 + 15.4 (27.3 to 87.0) 417¢
Sex 1.000°
Male (n, %) 179 (50.0%) 56 (40.0%) 28 (40.0%)
Female (n, %) 178 (50.0%) 84 (60.0%) 42 (60.0%)
Mean BMI (kg/m? + SD [range]) 27.7 + 49 (17.4 to 47.7) 27.9 + 5.6 (17.4 to 40.0) 27.8 + 5.1 (18.4 to 40.0) 830°

OA, osteoarthritis.
2 Mann—Whitney U-test.
b Chi-Square test.

patients and 70 matched controls [5] (Figure1). These factors have
been shown to influence spinopelvic characteristics [9,10]. De-
mographic details of the study cohort are outlined in Table 1.

Radiographic Assessments

Assessments were performed based on radiographic evalua-
tions, as clinical evaluations have shown limitation in providing
clinicians with the pertinent information required to assess spi-
nopelvic characteristics [13]. Cases and controls underwent the
following radiographic assessment which included supine antero-
posterior radiograph of the pelvis, a lateral radiograph of the
symptomatic hip, and lateral radiographs of the lumbar spine,
pelvis and femur in the standing and “deep-seated” positions. The
“deep-seated” position was defined as a sitting position, with the
femora parallel to the floor with the trunk leaning maximally for-
ward [5,8,14]. The deep-seated was chosen for detecting lumbar
spine stiffness as per definition in the literature [15]. On the lateral
spinopelvic radiographs, the following measurements were per-
formed: lumbar lordosis (LL) angle, sacral slope (SS), pelvic inci-
dence (PI), pelvic tilt (PT), and pelvic femoral angle (PFA) (Figure 2)

[8,13,14,16,17]. Radiographic measurements were performed by 2
fellowship-trained arthroplasty surgeons, blinded to each other’s
measurements (MMI, JV).

The spinopelvic movements were calculated as the difference
between the standing and “deep-seated” position for all radio-
graphic spinopelvic parameters as follows (LL, SS, PI, PT, PFA) [5]:
AXstanding/ deep-seated = AX deep-seated—AXstanding.

Average-measure correlation coefficients with a 2-way random
effects model for absolute agreement were calculated, after per-
forming repeated measurements 2 weeks after the initial radio-
graphic analysis for 10% of randomly selected data sets in a blinded
fashion by both reviewers, showing excellent intraobserver and
interobserver reliabilities (IORs) (range: 0.858 [95% confidence in-
terval; 0.657 to 0.942] to 0.997 [95% confidence interval; 0.993 to
0.999]).

Definitions of Spinopelvic Pathologies

Spinopelvic pathologies were the following: (1) Flatback
deformity on lateral spinopelvic radiographs, defined by a
mismatch between the lumbar lordosis angle and pelvic incidence
in the standing position (PI-LL >10°) has been reported to be a

Fig. 2. Illustration of radiographic measurements for the lumbar lordosis (LL) angle, sacral slope (SS), pelvic tilt (PT), pelvic incidence (PI), and the pelvic-femoral angle (PFA) in the

(A) standing, (B) deep-flexed seated position.
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Table 2

Radiographic Measurements and Prevalence of Spinopelvic Pathologies for all Patients, Matched Patients, and Matched Controls.

Spinopelvic Parameters

Overall Hip OA Cohort

Matched Patients

Matched Controls

Mean + SD (Range)

Mean + SD (Range)

P Value (Matched Patients
versus Controls)

LL standing (°) 53 + 13 (2 to 87) 56 + 13 (19 to 87) 57 + 12 (33 to 98) 480
LL deep-seated (°) 11 + 13 (—20 to 67) 9+ 12 (-20to 55) 9+ 13 (14 to 44) .756
SS standing (°) 40 + 10 (13 to 69) 41 + 10 (18 to 69) 40 + 8 (20 to 61) .280
SS deep-seated (°) 40 + 16 (—12 to 90) 40 + 16 (8 to 88) 47 + 18 (11 to 87) .005
PT standing (°) 16 + 9 (—16 to 55) 14 + 9 (10 to 55) 14 + 8 (-5 to 36) .802
PT deep-seated (°) 16 + 17 (—28 to 69) 15 + 16 (—28 to 46) 6+ 17 (—33to 43) <.001
PI standing (°) 56 + 12 (25 to 107) 55 + 12 (25 to 107) 53 + 11 (26 to 78) 618
PFA standing (°) 186 + 12 (154 to 233) 185 + 12 (155 to 233) 187 + 9 (167 to 210) 212
PFA deep-seated (°) 110 + 17 (70 to 168) 109 + 16 (70 to 160) 98 + 15 (60 to 134) <.001
PI-LL standing (°) 2 + 13 (—34 to 60) —1+ 14 (-34 to 60) —4 + 12 (-31 to 33) 177
Change in Spinopelvic Parameters Patients Mean + SD (range)  Controls Mean + SD (range) P Value
A LL standing/deep-seated (° —47 + 15 (=77 to -3) —47 + 15 (-77 to -3) —48 + 14 (—72 to —14) 434
A SS standing/deep-seated (° -1+ 16 (—42 to 36) —1+ 16 (—42 to 36) 8 +16(—23to37) <.001
A PT standing/deep-seated (° 1+ 16 (—37 to 42) 1+ 16 (—37 to 42) -8 + 16 (—50 to 24) <.001
A PFA standing/deep-seated (°) —76 + 19 (-118 to —30) —76 + 19 (118 to —30) —90 + 18 (—134 to —53) <.001
Type/Combination of spinopelvic pathologies Patients n (%) Controls n (%) P Value
A) PI-LL >10° 60/357 (17%) 23/140 (16%) 7/70 (10%) 209
B) Standing pelvic >19° 94/357 (26%) 24/140 (17%) 17/70 (24%) 218
C) ALLstanding/deep-seated <20° 20/357 (6%) 7/140 (6%) 4/70 (5%) .827
A) & B) 39/357 (11%) 16/140 (11%) 6/70 (9%)
A) & Q) 9/357 (3%) 3/140 (2%) 3/70 (4%) -
B) & C) 9/357 (3%) 2/140 (1%) 3/70 (4%) -
A) & B) & C) 8/357 (2%) 2/140 (1%) 3/70 (4%) -

LL, lumbar lordosis; OA, osteoarthritis; PFA, pelvic femoral angle; P, pelvic incidence; PT, pelvic tilt; SS, sacral slope.

strong predictor of instability after THA [18]; (2) Standing sagittal
pelvic tilt >19°, which has been reported to be a strong predictor
for hip hypermobility and lumbar spine stiffness [9]; and (3)
Lumbar spine stiffness, defined as lumbar spine flexion <20° be-
tween standing and deep-seated positions, which has been iden-
tified to be a risk factor for dislocation after THA [1—-3,15].

Data Analyses

Nonparametric tests were used after exploratory data analysis.
Chi-square tests were used to test for differences between cate-
gorical variables. An independent samples t-tests or
Mann—Whitney U-tests were used to compare demographics and
spinopelvic measurements between controls and hip OA patients.
Spearman’s rho (p) correlations were performed in order to
investigate the association of demographic factors and spinopelvic
pathologies. Factors showing a significant and clinically relevant
correlation with the previously defined spinopelvic pathologies

A Controls

B) Standing Pelvic Tilt >19

A) Flatback Deformity

11

C) Lumbar Spine Stiffness

were added in logistic regression analyses. The logistic regression
analyses, were conducted in order to identify predictors for lumbar
spine stiffness (ALLstanding/deep-seated<20°), having inputted param-
eters that were shown to have an association with the presence of
abnormal spinopelvic characteristics, using univariate correlation
analyses. Receiver Operator Curve (ROC) analyses were used to
determine the specificity and sensitivity of factors predicting
lumbar spine stiffness. Statistical analysis was performed using
SPSS v27 (IBM, Armonk, NY). A value of <0.05 was considered
significant.

Results
Prevalence of Spinopelvic Pathologies Among Patients
The prevalence of spinopelvic pathologies among patients is

detailed in Table 2. There were 6% of patients who exhibited spinal
stiffness and 17% showed lumbar spine imbalance. There were no

B Patients

B) Standing Pelvic Tilt >19

14 A) Flatback
Deformity

0

C) Lumbar Spine Stiffness

Fig. 3. Venn diagrams illustrating the overlap of the abnormal spinopelvic characteristics for controls (A) and patients (B).
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Table 3

Correlation Analysis for the Association of Demographic Factors (Age and BMI) and Spinopelvic Pathologies in Patients.

Spearman-Rho Correlation Age (years) BMI (kg/m?)

Coefficient (P Value)

LL Standing (°)

PT Standing (°)

PI-LL Standing (°) LL Deep-Seated (°) A LL Standing/Deep-Seated (°)

Age (years)
Controls 1(-)
Patients 1(-)
BMI (kg/m?)
Controls 1(
Patients 1(
LL standing (°)
Controls 1(-)
Patients 1(-)
PT standing (°)
Controls
Patients
PI-LL standing (°)
Controls
Patients
LL deep-seated (°)
Controls
Patients
A LL standing/deep-seated (°)
Controls
Patients

0.162(0.246) —0.237 (0.048)
~0.114(0.187) —0.286 (<0.001)

~0.307 (0.025)

-)
-) 0.032 (0.714)

0.165 (0.172)
0.186 (0.028)

0.037 (0.792)
0.033 (0.706)

—0.067 (0.583) —0.578 (<0.001)
~0.2223 (0.008) —0.576 (<0.001)

0.334 (0.005)
0.318 (<0.001)

0.500 (<0.001)
0.122 (0.151)

~0.695 (<0.001)
~0.430 (<0.001)

0.315 (0.022)
0.032 (0.709)

—0.069 (0.622)
0.238 (0.005)

—0.263 (0.057)
~0.126 (0.144)

0.351 (0.003)
0.372 (<0.001)

0.502 (<0.001)
0.617 (<0.001)

1(-) 0.651 (<0.001)  0.221 (0.066) ~0.231 (0.055)
1(-) 0.750 (<0.001)  0.090 (0.290) ~0.294 (<0.001)
1(-) 0.031 (0.797) ~0.557 (<0.001)
1(-) —0.046 (0.591) —0.504 (<0.001)
1(-) ~0.564 (<0.001)
1(-) —0.440 (<0.001)

BMI, body mass index; LL, lumbar lordosis; PI, pelvic incidence; PT, pelvic tilt.

clinically meaningful differences between unmatched and matched
patients for spinopelvic mobility and the prevalence of pathologies
(Table 2).

Differences in Prevalence Between Matched Groups

No difference in spinal balance was found between patients (23
of 140; 16%) and controls (7 of 70; 10%) (P = .209). Similarly, no
difference in prevalence of standing pelvic tilt >19° (24 of 140; 17%
versus 17 of 70; 24%) P =.218) and lumbar spine stiffness (7 of 140
[6%] versus 4 of 70 [5%]; P =.827) was identified between groups.
Most patients had no abnormal spinopelvic characteristics at all
(n = 160 of 210; 76%); 40 had one abnormal characteristic (19%), 8
had 2 abnormal spinopelvic characteristics (4%), and only 2 patients
(1%) had all 3 abnormal spinopelvic characteristics (Table 2). There
were no differences between cases and controls in number of
abnormal spinopelvic characteristics detected (P =.938) (Figure 3).

Demographic Factors Being Associated With Spinopelvic Pathologies

Age was associated with spinopelvic balance (p = 0.315; P <
.001) and lumbar spine stiffness (p = 0.521; P < .001), due to loss of
lumbar lordosis in both positions (LLstanding: p = 0.268; P < .001;
LLgeep-seated: p = 0.263; P <.001). The BMI and sex did not show any
clinically relevant association (Tables 3 and 4). The correlation be-
tween age and lumbar spine stiffness and spinopelvic balance was
similar between cases and controls (Table 3 and Figure 4).

Table 4
Logistic Regression Analysis Investigating Factors for Lumbar Spine Stiffness (R*> =
0.316).

Parameter Odds Ratio  95% Confidence Interval P Value
Age at surgery (years) 1.068 0.994 to 1.148 .073
BMI (kg/m?) 1.102 0.969 to 1.252 138
Patient versus Control (1/0) 0.847 0.175 to 4.100 .837
LL standing (°) 0.912 0.851 to 0.978 .009
PI standing (°) 1.002 0.930 to 1.079 .966
PFA standing (°) 1.067 0.983 to 1.159 119

BMI, body mass index; LL, lumbar lordosis; PFA, pelvic femoral angle; PI, pelvic
incidence.

Predictors for Lumbar Spine Stiffness

Most patients with stiff spines were older than 65 years (9 of 11)
or had LLstanding less than 45° (8 of 11). No patient below the age of
55 years-old showed lumbar spine stiffness (Figure 5). The odds
ratio of having a stiff spine if older than 65 years with LLstanding l€ss
than 45° was 4.6 (P = .036). Similarly, the logistic regression ana-
lyses demonstrated that the standing lumbar lordosis angle was the
strongest predictor of lumbar spine stiffness, whereas age showed
borderline lack of significance (Table 4).

The ROC analysis illustrated that age over 65 years and standing
lumbar lordosis angle of less than 45° degrees, was associated with
a high sensitivity and specificity for identifying patients who have
lumbar spine stiffness (Figures 5A and B and Table 5). The rela-
tionship between age, standing LL, and the presence of a stiff spine
is further portrayed in Figure 6.

Discussion

The adverse effects of lumbar spine stiffness on THA outcome
have been extensively reported and have raised major awareness
among surgeons. However, the pertinent questions of how com-
mon adverse spinopelvic characteristics are in a typical arthro-
plasty clinic and how best to identify lumbar spine stiffness
preoperatively has not been adequately addressed, leading to
common questions such as “should all patients be screened for the
presence of spinal stiffness?” The presence of end-stage hip
osteoarthritis was not associated with an increased prevalence of
abnormal or adverse spinopelvic characteristics (lumbar spine
stiffness, spinopelvic balance, abnormal pelvic tilt), relative to
well-matched, well-functioning, asymptomatic volunteers. This
possibly implies that the abnormal spinopelvic posture and dy-
namics due to hip osteoarthritis do not significantly contribute to
the degenerative process of the lumbar spine. The identification of
spinal stiffness requires dynamic spinopelvic radiographs to
accurately assess lumbar motion. However, dynamic radiographs
are associated with increased radiation exposure and might be
difficult to execute by the hip OA patient due to pain. This raises
the question whether it would be possible to obtain the necessary
information from a single radiograph. Lumbar spine stiffness
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Fig. 4. Scatterplots illustrating the correlation between age and (A) lumbar spine
stiffness (ALLstanding/deep-seated) and (B) mismatch between PI und LL in the standing
position for patients (red) and controls (controls).

exhibited a moderate correlation with age, which was also evident
in the ROC analyses; no patient under the age of 55 years-old
exhibited spinal stiffness, regardless of LLstanding. Similarly,
LLstanding €xhibited a strong association with lumbar spine stiff-
ness, and thus a LLsaanding <45° was identified as an excellent
threshold value to use as a screening tool with high sensitivity of
85% and specificity 73%. Based on age and LLstanding, We were able
to identify patients not at risk of adverse spinopelvic character-
istics. These patients only require a single standing lateral spino-
pelvic X-ray (age <65 years, LLstanding >45° and no history of spinal
pathology) preoperatively, and do not need seated spinopelvic
radiographs. This can help reduce radiation exposure while
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maintaining the ability to use spinopelvic characteristics during
preoperative THA planning.

The prevalence of abnormal spinopelvic abnormalities among
arthroplasty patients in recent studies has been reported to vary
widely between 4% and 53% [19—23]. However, many of these
studies have included patients who have lumbar fusions in their
cohorts, and defined stiffness using relaxed-seated assessments,
which overpredict the presence of spinopelvic abnormalities [9]. In
this study of all patients undergoing THA in 2 academic units and
having detailed radiographic assessments, the prevalence of spinal
imbalance, stiffness, and increased pelvic tilt were 16%, 5%, and 17%,
respectively. However, only 4% (6 of 140) of patients showed more
than 2 abnormal spinopelvic characteristics. The presence of hip OA
was not associated with an increased risk of abnormal spinopelvic
characteristics, as evident by the prevalence of these findings in the
age, sex, and BMI-matched control group of well-functioning vol-
unteers. Furthermore, the prevalence of abnormal spinopelvic
characteristics were similar between matched and unmatched
patients. This likely indicates that the hip and spine degenerate
independently and that the influence of hip OA on the pathogenesis
of spinal degeneration is small, relative to other factors, described
to contribute to increased spinal degeneration. However, with
advancing age, the incidence of hip-spine syndrome also increases
as the incidence of both hip and spine arthritis increase, which are
concordant with observations seen in this cohort of advanced age
being associated with the presence of abnormal spinopelvic char-
acteristics. These findings are also of important clinical relevance as
they illustrate that the proportion of patients who are at increased
risk due their individual spinopelvic characteristics is in fact quite
low and likely about 10 to 15% of most arthroplasty practices. Thus,
it is of importance to define how best to utilize resources to
appropriately identify these patients at risk, without over-
investigating all patients presenting to clinic.

Several patient- (age and BMI) and static radiographic- factors
(LLstanding» PI-LL, PTstanding, LLseated) Were found to be associated
with spinal flexion. However, due to significant association and
collinearity between these factors, the 2 factors that were the
strongest predictors of spinal flexion/stiffness were age and
LLstanding- ROC analysis of these 2 factors enabled the description of
relevant thresholds (age >65 years-old and LLstanding <45°) that can
be used in the clinical setting to predict the presence of spinal
stiffness by considering patient age and performing measurements
from a single radiograph (LLstanding <45°). Furthermore, no patient
below the age of 55 years-old exhibited spinal stiffness, nor spi-
nopelvic imbalance, but 5 had high PTstanding. Thus, to minimize
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Fig. 5. Receiver operating characteristic (ROC) curve analysis for lumbar spine stiffness and the factors (A) standing lumbar lordosis angle and (B) age.
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Table 5
Output of Receiver Operator Curve (ROC) for Lumbar Spine Stiffness.

Factor Area Under the Optimum  Sensitivity Specificity
Curve Threshold
Age 0.756 65y 82% 66%
Standing lumbar 0.808 45° 85% 73%
lordosis
angle

radiation and cost, if a surgeon solely wishes to identify patients at
risk, and does not plan as per sagittal characteristics, no sagittal
profile radiographs are necessary for patients younger than 55
years-old without spinal pathology. For patients older than 55
years-old, we would recommend a single standing spinopelvic
view to measure LLstanding, PI-LL and PTstanding to identify at-risk
patients. Furthermore, static characteristics change little post-
operatively, which makes them more reliable in preoperative
planning of cup orientation than dynamic characteristics, which are
subject to change post-THA [18].

This study has several potential limitations. All assessments
were performed using radiographs. Such assessments may thus
suffer from variability in the execution of the technician’s com-
mand by the patients. Also, the study was appropriately powered
to detect a 6° difference in LL, which has been reported to be a
clinically relevant difference. However, if less of a difference is
found to be clinically relevant in the future, this study may suffer
for Type II bias. However, there were no large differences between
unmatched and matched patients for spinopelvic mobility and the
prevalence of pathologies. Furthermore, a much larger cohort
would be needed to detect small differences in the distribution of
spinopelvic pathologies between groups. A larger cohort would
also allow for testing for nonlinear association between age and
spinal characteristics as it may be plausible that the relationship
present among the young may not be applicable for patients older
than 70 years-old. Furthermore, prospective longitudinal assess-
ments would assess the effect of hip OA on lumbar stiffness more
accurately. A cross-sectional study may suffer from selection bia-
ses that may not be accounted for as part of the study design. To
overcome such limitations, we accounted for case controls
matched for demographic factors previously considered to affect
spinopelvic dynamics.

In conclusion, the presence of at least 1 abnormal spinopelvic
characteristic can be found in 1-in-6 patients awaiting THA.
Spinal stiffness increases with age and the presence of hip OA is
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Fig. 6. Scatterplot illustrating the correlation between age and (A) lumbar spine
stiffness (ALLstanding/deep-seated) and (B) mismatch between PI und LL in the standing
position.

not associated with an increased risk of adverse spinopelvic
characteristics. Age and LLstanding are the strongest predictors of
spinal flexion and important thresholds can be defined that can
guide clinical practice on when to obtain additional radiographs
prior to surgery. Young patients under the age of 55 years-old did
not exhibit spinal stiffness. A single, static lateral spinopelvic
view would suffice in hip OA patients above the age of 65 years-
old with a relevant LLstanding threshold of 45° as it would provide
with all data sufficient for screening for adverse spinopelvic
characteristics. These evidence-based recommendations help
surgeons stratify radiation exposure and reduce cost while
incorporating spinopelvic imaging in preoperative THA planning.
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