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Abstract

Purpose The study of the interrelation between hip and
spine disorders is gaining increasing importance in the last
years, but the link between Hip Osteoarthritis (HOA) and
Low Back Pain (LBP) remains still unclear. Aim of the
study is to assess the relationship between Femoral Neck
Anteversion (FNA), LBP, and spinopelvic parameters in
patients undergoing Total Hip Replacement (THR) for
unilateral severe primary HOA.

Materials and methods 91 patients were recruited. Inclusion
criteria were: grade 5 or 6 unilateral HOA, according to
Turmezei, and Harris Hip score (HHS) <60. Exclusion criteria
were: secondary hip osteoarthritis (dysplasia of the hip,
rheumatoid arthritis, and ankylosing spondylitis); previous
surgery of the spine, hip or knee; scoliosis with a Cobb angle
greater than 10°; spondylolisthesis; history of spine fractures;
previous bone tuberculosis or any spine infections; any con-
traindications to CT; BMI >30. Patients were divided into two
homogeneous Groups according to the presence (Group-A) or
not of concomitant LBP (Group-B). All patients underwent
preoperatively a hip CT scan to evaluate FNA, Acetabular
Anteversion (AA), and Combined Anteversion (CA = F-
NA + AA). AENA, AAA and ACA were calculated as the
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differences between the arthritic hip and the normal hip angles
in each Group. Full spinal X-rays in upstanding position were
performed before (baseline) and 6 months after THR (follow-
up) to calculate spinopelvic parameters. The health-related
quality of life (HRQoL) was evaluated at baseline and at
follow-up using Visual Analogue Scale (VAS), HHS,
Oswestry Disability Index (ODI), Roland—Morris Disability
Questionnaire (RM), and Short-Form Health Survey (SF-36).
The intra-group and inter-group variability were assessed
using, respectively, paired and unpaired ¢ tests. At baseline,
the association between HRQoL scores and AFNA, AAA, and
ACA was analysed by the Pearson correlation test.

Results At baseline, in Group-A, there was a significant dif-
ference between arthritic FNA and normal hip FNA, while no
differences were found in AA between the two hips. A close
correlation was observed between AFNA and Spine-VAS
(r =0.788), ODI (r =0.824), and RM (»r = 0.775). In
Group-B, there was not a significant difference in FNA and
AA between the two hips. At recruitment, in Group-A
patients, we recorded a higher LL, SS, PI, SVA(C7), and a
lower PT and T1-SPI compared with Group-B subjects. Six
months after THR, in Group-A, an improvement of all clinical
scores was recorded, as well as, a significant reduction of SS,
LL, TIPA, and SVA(C7) and an increment of PT. In Group-B,
at follow-up, an improvement of HHS, Hip-VAS, and SF-36
was recorded, while the changes in spinopelvic parameters
were not significant.

Conclusions Patients with concomitant unilateral HOA
and LBP showed a marked anteverted FNA in the arthritic
hip and a spinopelvic misalignment. After THR, a relief of
both hip and low back pain and a change in spinopelvic
parameters is observed.

Keywords Spinopelvic alignment - Low back pain - Hip
flexion - Hip-spine syndrome - Acetabular anteversion
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Introduction

Symptomatic Hip Osteoarthritis (HOA) and Low Back
Pain (LBP) are two emerging diseases, whose prevalence is
increasing in the last decades, due to the aging of the
population and the obesity epidemic [1]. It is estimated that
the mean prevalence of HOA is 10.1% in Europe and 7.2%
North America [1], while LBP has a point prevalence of
12-33% in general population [2]. Unfortunately, a subset
of patients suffers for concomitant HOA and LBP [3]; it is
reported that the prevalence of LBP among patients
undergoing primary total hip replacement (THR) surgery
varies between 21.2 and 60.4% [4].

The coexistence of lumbar spine and hip disorders
depicts the Hip-Spine Syndrome (HSS), originally descri-
bed by Offierski and MacNab in 1983 [5], who identified
four subcategories labelled as simple, secondary, complex,
and misdiagnosed HSS. “Secondary” HSS was described
in patients with symptoms derived from changes in the
lumbar spine, which were secondary to pathological
changes in the hip [5]. Offierski and MacNab postulated
that the fixed hip flexion deformity causes a progressive
anteversion of the pelvis and a compensatory lumbar
hyperlordosis; the subsequent subluxation of the lumbar
posterior facets triggers LBP [5]. This hypothesis, how-
ever, has never been validated, to best of our knowledge.

Despite several clinical-radiological studies [3, 4, 6-8]
have reported a significant improvement of LBP after THR,
the pathogenesis of HSS has not been explained yet.

Increased femoral neck anteversion (FNA) have been
implicated in the pathogenesis of HOA [9, 10], but none of
the previous study has evaluated the native FNA angle in
patients with HSS undergoing THR.

This prospective interventional study aims to assess the
relationship between FNA, LBP, and spinopelvic parame-
ters in patients with severe primary unilateral HOA
undergoing THR.

Materials and methods

From January 2015 to May 2016, 214 patients (116 females,
98 males) underwent primary THR in our institute.
According to inclusion and exclusion criteria, 91 patients
(57 females, 34 males, mean age 65.8 years, and range
56-78 years) were recruited for the current study; all
patients gave informed consent before enrolment. Inclusion
criteria were: grade 6 or 7 unilateral HOA according to
Turmezei [11] and Harris Hip score (HHS) <60. Exclusion
criteria were: secondary hip osteoarthritis (dysplasia of the
hip, rheumatoid arthritis, and ankylosing spondylitis); pre-
vious surgery of the spine, hip, or knee; scoliosis with a
Cobb angle greater than ten degrees; spondylolisthesis;
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history of spine fractures; previous bone tuberculosis or any
spine infections; any contraindications to CT; BMI >30.

LBP was defined as consecutive pain for more than
6 months and an Oswestry Disability Index (ODI) >41% at
recruitment. The patients were divided into two Groups,
depending on the presence/absence of LBP: patients suf-
fering for LBP were included in Group-A, whereas patients
without LBP in Group-B.

Each patient underwent clinical and radiological evalu-
ations before (baseline) and 6 months after THR (follow-
up); all data were gathered and analysed in blind manner.
All THRs were performed by the same surgical team, using
a lateral Hardinge approach and a modular cementless hip
prosthesis. After surgery, all patients followed the same
rehabilitation protocol.

Radiological evaluation included the routine imaging
protocol used for patients undergoing THR at our institute.
All radiographs and CT scans were performed by the same
Group of radiological technicians.

Hip CT scans were obtained using a 2 mm CT cuts
(Philips CT Vision MX8000Q machine, Philips Healthcare,
The Netherlands, Best) at recruitment only. A radiologist
and an orthopaedist, with more than 10 years of experi-
ence, evaluated hip CT scans using the DICOM software
Weasis (Atlassian). The HOA severity was staged
according to CT grading system by Turmezei et al. [11].
The FNA angle (Fig. 1a) was measured using the method
of Hernandez et al. [12], while the AA angle was estimated
applying the method by Reikeras et al. [13]. The combined
anteversion angle (CA) was defined as the sum of FNA and
AA.

Full spine standing anteroposterior and lateral X-rays
were obtained at recruitment and at 6-month follow-up.
The radiographs, made during inhalation, were performed
to keep the natural standing position of the spine [14]; a
good femoral heads resolution was achieved, as well. For
the anteroposterior view, the patient was asked to stand in a
natural erect posture, knees held in extension, stomach
against the cassette, and arms hanging. For the lateral view,
the patient was naturally standing up, looking horizontally,
hands resting on a vertical support, upper limbs relaxed,
and elbows half bent. Two orthopaedists, unknowing the
CT results, verified the absence of spinal coronal plane
deformities before and after surgery in anteroposterior full
spine view and assessed the spinopelvic parameters on
lateral standing full spine X-rays using Surgimap (Nemaris
Inc., Ver. 2.2.9.9.1, NY, USA). The spinopelvic parameters
measured included: pelvic incidence (PI); pelvic tilt (PT);
sacral slope (SS); lumbar lordosis (LL); thoracic kyphosis
(TK); T1-spinopelvic inclination (T1Spi); T1 pelvic angle
(TPA); and sagittal vertical axis [SVA(C7)] (Fig. 2).

The health-related quality of life (HRQoL) was evalu-
ated by an orthopaedist, who was unaware of radiographic
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Femoral Neck Anteversion Angle

Fig. 1 Femoral Neck Anteversion (FNA). FNA angle (a) is the angle
subtended by the /ine connecting the centres of the femoral head and
neck (head-neck axis) and the line connecting the centres of the
femoral condyles (transcondylar axis). Hernandez et al. method for
FNA angle measurement (b—d). Two axial CT scans were analysed.
In the proximal slice, containing the femoral head, femoral neck, and

Fig. 2 Acetabular Anteversion (AA). AA angle measures the fixed
orientation of the acetabulum within the horizontal plane, relative to
the pelvis. The AA angle is estimated using the method by
Reikeras et al., as the angle between a line conducted through the
anterior and posterior edges of the acetabulum and a reference line,
drawn perpendicular to a line between the posterior pelvic margins

and CT measurement, at baseline and at 6-month follow-up
using Visual Analogue Scale (VAS) for spine, VAS for hip,
HHS, ODI, Roland—Morris Disability Questionnaire (RM),
and Short-Form Health Survey (SF-36).

Statistical analysis

Statistical analysis was performed using the SPSS® 11.0
software (SPSS Inc., Chicago, IL, USA). The FNA, AA,

the greater trochanter, the head—neck axis was calculated (b). In the
distal image, conducted through the femoral condyles just below the
upper pole of the patella, the transcondylar axis was obtained (c).
FNA was finally defined as the angle subtended by the head—neck axis
and the transcondylar axis (d)

and CA angle of the two hips were compared within each
group at baseline using the unpaired ¢ test after ANOVA
(analysis of variance). The arthritic hip FNA, AA, and CA
between the two groups were compared at baseline using
the unpaired ¢ test after ANOVA.

Pearson correlation test was used to evaluate the asso-
ciation between HRQoL scores and AFNA, AAA, and
ACA at baseline in both groups.

The paired ¢ test was used to compare changes within
each group at 6-month follow-up versus baseline. The tests
were two-tailed with a confidence level of 5%.

Results

The main study data are summarized in Table 1. Forty-
seven patients (29 females, 18 males, mean age 64.7 years,
and range 5677 years) suffered for concomitant LBP at
baseline (Group-A), whereas 44 patients (28 females, 16
males, mean age 67.2 years, and range 60-78) complained
only unilateral HOA (Group-B).

Table 2 reports FNA, AA, and CA p values for differ-
ences between the two hips within groups (unpaired ¢ test).
A significant difference (p = 0.005) between arthritic hip
FNA angle and normal hip FNA angle was recorded at
baseline in Group-A, while no differences were found in
AA angles between the two hips (Table 2). In Group-B
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Table 1 General data of the study

Group-A Group-B

# of patients 47 44
Age

Mean + SD 64.7 £ 4.8 672 £4.3

Range 56-77 60-78
Gender

Male (%) 18 (38.3%) 16 (36.4%)

Female (%) 29 (61.77%) 28 (63.6%)
BMI (kg/m?) 282 £ 35 294 £42
Affected hip

Left (%) 16 (34%) 11 (25%)

Right (%) 31 (66%) 33 (75%)
Smoking status

# of smokers (%) 24 (51%) 15(34%)
Hip osteoarthritis grading®

Grade 6 13 (27.66%) 23 (52.3%)

Grade 7 34 (72.34%) 21 (47.7%)

BMI body mass index
* CT hip osteoarthritis grading according to Turmezei

patients, there was not a significant difference in FNA, AA,
and CA angles between the two hips (Table 2). Further-
more, no significant differences in arthritic hips FNA, AA,
and CA between the two groups were observed at
recruitment (Table 3).

AFNA, AAA, and ACA were calculated as the differ-
ences between the arthritic hip and the normal hip angles
(AFNA = arthritic hip FNA — normal hip FNA;
AAA = arthritic hip AA — normal hip AA; ACA = ar-
thritic hip CA — normal hip CA). A close correlation was
observed at baseline between AFNA and Spine-VAS
(r=0.788), ODI (r=0.824) and RM (r =0.775)
(Table 4).

Table 5 shows spinopelvic parameters’ p values for
differences between groups at baseline unpaired ¢ test). In

Group-A patients, we observed a higher LL, SS, PI,
SVA(C7), and a lower PT and T1-SPI compared with
Group-B subjects.

Table 6 reports p values for differences between clinical
scores and spinopelvic parameters, at 6-month follow-up
versus baseline within each group (paired ¢ test). A sig-
nificant improvement of all clinical scores was recorded at
6-month follow-up in Group-A (Fig. 3a); a significant
improvement of HHS, Hip-VAS, and SF-36 was observed
at 6-month follow-up in Group-B. Six months after THR,
in Group-A, significant spinopelvic alignment changes
were recorded: a reduction of SS (mean change = —6.47,
p = 0.0001), LL (mean change = 13, p = 0.007), T1
pelvic angle (mean change = —4.33, p = 0.028) and
sagittal vertical axis (mean change = 24.75; p = 0.0086)
as well as a significant increment of PT (mean
change = 5.62, p = 0.0001). At 6-month follow-up, in
Group-B too, we observed some changes in spinopelvic
parameters, but they were not statistically significant.

Discussion

The study of the interdependence between spine and the
pelvis is gaining an increasing importance in the last years
[3-9, 15-24].

In the field of total hip arthroplasty, several clinical
studies [3-8, 22, 23] have investigated the relationship
between HOA and LBP, documenting that patients with
HHS may experience, after THR, in addition to resolution
of their hip pain, a significant improvement of LBP
[7, 8, 22]. Contrasting findings, however, have been
reported on spinopelvic alignment in patients with con-
comitant HOA and LBP, and the mechanism for HSS
remains still unclear (Figs. 4, 5).

Yashimoto et al., in a retrospective radiographic study,
reported that patients with HOA had significantly higher

Table 2 FNA and AA p values

for differences between the two Arthritic hip Normal hip P
hips (unpaired ¢ Student test) Mean + SD 95% CI Mean + SD 95% CI
Group-A
FNA (°) 16 + 94 +6.96 10.83 £+ 7.94 +4.27 0.005
AA (°) 18.05 + 6.2 +1.79 18.58 £+ 6.17 +2.07 0.755
CA (°) 34.05 £ 9.6 +2.75 2941 £ 74 +2.12 0.012%*
Group-B
FNA (°) 13.45 + 7.44 +5.38 11.05 + 6.8 +5.23 0.133
AA (°) 17.94 £ 5.8 +3.21 18.17 £ 4.35 +3.35 0.543
CA (°) 31.39 £ 6.3 +3.44 2922 £53 +4.15 0.437

FNA femoral neck anteversion, AA acetabular anteversion, CA combined anteversion

* Significant p values
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Table 3 Arthritic hips FNA - . .

and AA p values for differences Arthritic hip FNA Arthritic hip AA Arthritic hip CA

between the two groups at Mean £+ SD P Mean £+ SD )4 Mean + SD p

baseline (unpaired ¢ Student

test) Group-A 16 £ 94 0.074 18.05 £ 6.2 0.865 34.05 £ 9.6 0.097
Group-B 13.45 £ 7.44 1794 £ 5.8 31.39 £ 6.3

FNA femoral neck anteversion, AA acetabular anteversion

* Significant p values

Table 4 Correlation at baseline between AFNA, AAA, ACA, and
HRQOL scores in group-A (Pearson’s correlation coefficient)

Spine VAS Hip VAS SF-36 ODI RM  HHS
AFNA  0.788%* 0.536%* 0437 0.824* 0.775% —0.232
AAA 0113 0.235 0073 0326 0321 —0.421
ACA  0.675% 0.435%% 0372 0.651* 0.726* —0.344

FNA femoral neck angle, AFNA affected hip FNA-normal hip FNA,
AA acetabular anteversion, 4AA affected hip AA-normal hip AA, CA
combined anteversion, 4CA affected hip CA-normal hip CA

* Significant p value (p < 0.001); ** Significant p value (p < 0.05)

PI, SS, and LL compared with those suffering from LBP,
suggesting that a higher PI may contribute to the devel-
opment of HOA because of the anterior uncovering of the
acetabulum [26]. These authors, however, recruited both
patients with primary HOA and acetabular dysplasia
(Crowe type I) and considered, between patients with LBP,
patients with degenerative lumbar spine disorders, so their
results may be affected by a bias, as already noticed by
Weng et al. [6].

Weng et al, in a prospective study, reported in patients
with HOA compared with normal controls a significant
larger SS and T1-SPI, comparable LL and PI, and smaller
PT and C7T [6]. In a more recent study, Weng et al.
reported, at 1 year after THR, a relief of LBP in patients
suffering for HSS, but surprisingly, they found no signifi-
cant changes in LL, PT, and SS [27]. These authors,

however, have not indicated the HOA radiological stage
neither have reported the range of movement of the
arthritic hip at recruitment and after THR.

Ben-Galim et al, in a prospective observational study on
25 patients undergoing THR, observed at 3-month follow-
up, and a significant improvement of LBP in the absence of
sacral inclination and LL changes [7]. These authors sug-
gest, however, that this lack of change may be related to
the radiographic technique rather than to the true clinical
posture or gait [7].

Eyvazov et al, in a prospective study on 28 patients with
HSS undergoing THR, observed an improvement in LBP
levels and postural balance after surgery, but they have
recorded neither significant change in spinopelvic align-
ment after THR, nor a significant correlation between
postural changes and LBP reduction [8]. It must be noted
that these results may be affected by the limited sample
size and the high variability of the data, since these authors
recorded postoperatively a posterior shift of the C7 SVA
and a change of SS and PT in the range of 1°-2°, but they
did not result statistically significant [8].

In the field of spinal surgery, on the other hand, inter-
esting acquisition has been achieved in the last years.
Lafage et al, in retrospective study on 70 patients under-
going pedicle subtraction osteotomy (PSO) for spinal
imbalance, reported that an increase of LL has a strong
negative correlation with a PT reduction [27].

Table 5 Spinopelvic

parameters’ p values for Group A Group B P

differences between groups at Mean + SD 95% CI Mean + SD 95% CI

baseline (unpaired ¢ test)
PT (°) 8.8 £ 8.48 +6.28 13.3 + 7.5% +5.86 0.032%*
PI (°) 49.27 + 8.84 +6.5 463 £ 94 +7.4 0.089
SS (°) 41.13 £ 5.59 +4.15 38.3 + 6.27 +8.4 0.043%*
LL (®) —52.93 + 6.74 +4.99 45.63 + 4.84* +6.79 0.005*
TK (°) 55.07 £9.3 +6.94 52.07 £+ 7.46 +5.64 0.077
T1Spi (°) —22+37 +2.8 —1.34 + 43" +3.23 0.034*
TPA (°) 157 £ 89 +6.6 —1.37 &£ 4.45 +2.2 0.845
SVA(C7) (mm) 5973 £ 1.57 +1.17 3.5 + 3.23% +2.34 0.022%*

PT pelvic tilt, PI Pelvic incidence, SS sacral slope, LL lumbar lordosis, 7K thoracic kyphosis, T1Spi T1
Spinopelvic inclination, TPA T1 pelvic angle, SVA(C7) sagittal vertical axis

# Significant p values (unpaired 7 Student test)

* Significant p values (paired ¢ test)
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Table 6 Clinical scores and
spinopelvic parameters’

p values for differences between
6-month follow-up versus
baseline (paired ¢ test)

Buckland et al, in a retrospective study on 33 patients
with spinal deformities who had undergone THR prior to
recruitment, evaluated the spinopelvic parameters and the
acetabular cup anteversion before and after (6-12 weeks
postoperatively) spinal realignment surgery. A significant
acetabular anteversion cup reduction was observed after
spinal surgery; this change correlated with PT, SS, SVA,

and TPA changes [28].

@ Springer

Baseline 6-month FU P
Mean + SD 95% CI Mean £+ SD 95% CI
Group-A
Clinical scores
Spine-VAS 53 £ 1.58 £0.76 1.07 £ 0.88 +0.45 <0.001*
Hip-VAS 8.13 £ 1.73 +0.87 0.87 £ 0.99 +0.5 <0.001%*
SF-36 454 £ 10.17 +7.53 287+ 74 +5.5 <0.001*
ODI 49.29 + 19.33 +14.3 2787+ 174 +5.5 <0.001%*
RM 125 £ 2.6 +1.92 7.6 +22 +1.63 <0.001%*
HHS 4236 + 12 +8.96 80.2 £ 10.2 +7.6 <0.001%*
Spinopelvic parameters (X-ray)
PT (°) 8.8 + 8.48 +6.28 144 £ 7.26 +3 0.0001*
PI (°) 49.27 + 8.84 +6.5 49.07 + 8.76 +6.4 0.08
SS (°) 41.13 £ 5.59 +4.15 34.67 £ 6.48 +3.28 0.0001*
LL (°) —52.93 £ 6.74 +4.99 —41.27 £ 8.7 +3.7 0.007*
TK (°) 55.07 £9.3 +6.94 48.3 £+ 4.27 +1.825 0.001*
T1Spi (°) —22 437 +2.8 —1.46 £ 4.15 +1.77 0.3
TPA (°) 157 £ 89 +6.6 9.86 + 5.15 +2.2 0.028*
SVA(C7) (mm) 5973 £ 1.57 +1.17 3.79 £ 2.47 +1.205 0.0086*
Group-B
Clinical scores
Spine-VAS 0.63 £ 0.2 +0.34 035+£03 +0.42 0.773
Hip-VAS 7.09 £+ 2.36 +0.56 0.75 +£ 0.38 +0.62 <0.001%*
SF-36 48.6 & 8.46 +6.21 254 £ 6.5 +4.7 <0.001%*
ODI 4.7 £ 2.08 +1.75 3.8 £ 1.43 +1.21 0.843
RM 56 +23 +1.17 52+1.6 +0.76 0.806
HHS 44.07 £ 9.4 +7.75 82.43 £ 9.3 +8.5 <0.001*
Spinopelvic parameters (X-ray)
PT (°) 13.3 + 7.5% +5.86 13.9 £ 8.6 +7.74 0.587
PI (°) 463 £ 94 +7.4 46.7 £ 8.7 +5.45 0.876
SS (°) 383 + 6.2% +8.4 394 £ 4.65 +6.7 0.456
LL (°) —45.13 4+ 4.84* +6.79 —424 £ 6.8 +5.7 0.084
TK (°) 52.07 & 7.46 +5.64 49.9 + 7.87 +5.8 0.067
T1Spi (°) —1.34 + 43" +3.23 —1.56 £ 3.5 +3.2 0.653
TPA (°) —1.37 £ 445 2.2 —1.54 £ 3.6 +2.5 0.434
SVA(C7) (mm) 3.5 4+ 3.23% +2.34 3.03 £ 1.7 +2.65 0.376

SD standard deviation, CI confidence interval, VAS visual analogue scale, ODI oswestry disability index,
SF-36 short-form 36, RM Roland morris disability Questionnaire, HHS Harris hip score, PT pelvic tilt, P/
pelvic incidence, SS sacral slope, LL lumbar lordosis, 7K thoracic kyphosis, T/Spi T1 Spinopelvic incli-

nation, TPA T1 pelvic angle, SVA(C7) sagittal vertical axis
# Significant p values (unpaired ¢ Student test)

* Significant p values (paired ¢ test)

In the current study, we investigated the relationship
between FNA, LBP, and spinopelvic parameters, in
patients undergoing THR for primary unilateral HOA.
Thus, we recruited 91 patients with severe unilateral HOA,
i.e., grade 5 (36 patients out of 91; 39.56%) or grade 6 (55
patients out of 91; 60.04%) according to Turmezei [11]
(Table 1), and severe functional limitation of the hip,
defined as HHS <60. We finally compared 47 patients with
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Fig. 3 Spinopelvic parameters.
LL lumbar lordosis, TK thoracic
kyphosis, SVA sagittal vertical
axis, T1Spi T1 spinopelvic
inclination, 79Spi T9
spinopelvic inclination, SS
sacral slope, PI pelvic
incidence, PT pelvic tilt

SVA
(a)

90
30
70
60
50
40
30 I
20
10

o I _.

Spine-VAS

Hip-VAS

SF-36

Fig. 4 Clinical scores at baseline and at 6-month follow-up in Group-A

concomitant LBP and primary unilateral HOA (Group-A)
to 44 patients with only primary unilateral HOA (Group-B)
undergoing THR; all the patients underwent clinical and
radiological evaluations at recruitment and at 6-month
follow-up.

It is reported that in adults, FNA averages between 8°
and 14°, with an average of 8° in men and 14° in women

TOSpi

(b) ©)

W Baseline
6-months FU

[29] and a high FNA is a proved risk factor for HOA
[9, 10].

In this study, Group-A patients showed, at recruitment, a
higher FNA angle at the arthritic hip, compared with the
contralateral normal hip FNA, while, surprisingly, no sig-
nificant differences in FNA between the two hips were
observed in Group-B (Table 2). The AFNA observed in
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Fig. 5 Clinical case. A 72 male
patient suffering for
concomitant HOA and LBP
underwent total-hip
replacement. The X-rays of the
spine performed preoperatively
and at the 6-month follow-up
are shown

Group-A influenced the CA, since no differences were
observed in AA between the two hips. These AFNA and
ACA were strongly related to Spine-VAS, Hip-VAS, ODI,
and RM in Group A patients (Table 3). Even if the arthritic
hip showed in Group-A a more anteverted femoral neck,
compared with Group-B arthritic hip FNA, this difference
was not significant. We concluded, therefore, in patients
with unilateral HOA, the FNA of the arthritic hip should be
compared to the contralateral normal one, because AFNA
between the two hips has an important role in the genesis of
both hip and low back pain.

Previous studies have reported an asymmetric hip range
of movement (ROM) in patients with LBP [30]. Tanaka
et al., in a cross-sectional study on 35 patients with uni-
lateral HOA, have recently noted that an asymmetric hip
flexion reduction may explain LBP in this kind of patients
[31]. The present study shows that besides the hip ROM
asymmetry, also a structural asymmetry between the two
hips is implicated in the pathogenesis of LBP in patients
with unilateral HOA. This new finding may help to better
understand the interrelation between hip and spine.

The spinopelvic parameters of all patients were assessed
before and 6 months after THR. At recruitment, in Group-
A patients, we observed a higher LL, SS, PI, SVA (C7),
and a lower PT and T1-SPI compared with Group-B sub-
jects. The classification by Legaye et al. [15] was used to
describe the sagittal imbalance patterns observed at

recruitment. These authors assessed the relationship
between PI and SS (SS = (PI x 0.5481) + 12.7°
[£6.39°]), as well as between SS and LL
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PT 20 PT 14
Pl 50 Pl 50
SS 30 SS 36
LL -60 LL -52
TK 55 TK 43
I T9Spi -15 T9Spi -10
T1Spi -6 T1Spi -2
T1Slope 36 T1Slope 25
TPA 13 TPA 11
SVA 12.3. SVA 15.2

(LL = (SS x 1.087) + 21.61° [£4.16]) and identified
three typical patterns of perturbation of the sagittal balance
[15]. The first one shows an SS conforming to the value
determined by the PI, with an observed value for LL which
is excessive with regard to the theoretical value calculated
according to the SS. In this pattern, the hyperlordosis
observed is a compensatory mechanism for the excessive
kyphosis in the upper spinal segments [15]. The second
pattern has an observed SS excessive with regard to the
value determined by the PI, but the LL is adapted to the
observed SS; in this situation, the excessive SS results from
a flexion deformity of the hips and the high value for LL
reflects the spinal compensation of this excessive slant of
the pelvis [15]. The third pattern is a lower value of SS
with regard to the PI and a low value for LL. In this case,
the disruption is caused by a stiff hypolordosis that forces
the pelvis to a horizontalisation of the SS to keep the trunk
from tilting forward [15]. In this study, preoperatively 44
patients out of 47 (93.6%) showed a type II sagittal balance
pattern according to Legaye et al. [15] in Group-A, while in
only two patients, out of 44 (4.5%) was observed this
sagittal pattern in Group-B. These data confirm that
patients with HOA and concomitant LBP have an observed
SS which is excessive, with regard to the value determined
by PI due to the fixed hip flexion; LL, however, is adapted
to the observed SS, since it reflects the spinal compensation
of the excessive slant of the pelvis [15].

At 6-month follow-up, a significant change of the hip
HRQoL scores was recorded in both groups (Table 6). In
Group-A patients, furthermore, a significant change of the
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spine HRQoL scores and some changing in the sagittal
balance were observed, i.e., an increase of PT and a
reduction of SS, LL, TK, and TPA (Table 6).

Pelvic tilt is commonly recognized as a compensatory
mechanism that the subject uses to maintain an eco-
nomic standing position [32]. After THR, we observed a
significant increment of PT (Table 6). Thus, we have
reported that in patients with severe HOA and con-
comitant LBP, PT reduces to compensate the hip fixed
flexion; after THR, may be achieved a restoration of
physiological PT. Similar data were reported by Weng
et al. [6], who observed a lower PT in patients with
concomitant HOA and LBP, compared with asymp-
tomatic controls.

Sacral slope is the spinopelvic parameter which com-
pletes the geometrical relationship where “Pelvic Inci-
dence = Pelvic Tilt 4+ Sacral Slope” [32]; PI is a
morphologic parameter, specific to each individual in
adulthood, which defines the shape of the pelvis indepen-
dently from its spatial orientation [33]. At 6-month follow-
up, we recorded a significant SS reduction (p = 0.0001).

A significant change of LL (p = 0.007) was observed
after THR in Group-A patients, whereas the change of LL
observed in Group-B, in the order of 2°, was not signifi-
cant. The higher LL recorded in Group-A at recruitment,
together with the different change of LL observed in the
two groups after THR, depicts that hyperlordosis may also
be implicated in LBP genesis in patients with HSS, as
hypothesized by Offierski and MacNab.

It must be noted, however, that the true impact of LL on
LBP is not easy to asses, because the definition of patho-
logical lordosis is somewhat challenging. Different formulas
have been proposed to predict the ideal lordosis [32, 34, 35],
but these methods provide contrasting findings, so that the
same patient may result normolordotic or hyperlordotic,
according to the the formula that we applied.

Schwab et al. [32] developed the formula LL = PI + 9°
(£9°), estimating LL. from mean PI based on 75 asymp-
tomatic adult subjects (mean age: 48 years, SD: 18). The
authors, however, have not detailed the characteristic of the
recruited subjects, so this formula may have a limited
validity, especially in patients with a pathologic LL.

Aurouer et al. [34] used the equation LL = 32.56 +
0.54 x PI and developed by Gille, to plan preoperatively the
correction of sagittal deformity of the spine in 11 patients
(female = 9; male = 2; mean age = 53.8; range 36-73).
Even these authors have developed a very accurate planning
method, they have not detailed how the formula for LL cal-
culation was obtained. Moreover, Aurouer et al. applied this

formula to 11 patients only, so the small sample size is another
limitation of this method.

Le Huec and Hasegawa [35] have recently published the
most accurate method of LL calculation: LL = 0.54 x PI +
27.6. This equation was obtained analysing 268 Caucasian
(n = 137) and Japanese (n = 131) asymptomatic sub-
jects even if it can be critically considered inaccurate due to a
wide age range (range 18-76; mean = 37.2) and to a lack of
ODI and SRS-22 questionnaire, to exclude subjects with LBP.

This study has some limitations: although our sample
size is quite large, our follow-up is limited to 6 months.
The patients recruited in this study, however, will be
evaluated in a longer follow-up time to assess the long-
term impact of the clinical and radiological changes here
reported.

After THR, we did not performed a hip CT to calculate
the femoral stem anteversion and the acetabular cup
anteversion, because for the current study, we performed
the routine imaging protocol used for patients undergoing
THR at our institute.

Finally, the clinical and radiological changes observed
in this study have to be investigated in patients with
bilateral HOA and concomitant LBP, to assess the role of
bilateral versus unilateral THR on the sagittal balance.

Conclusion

This study showed that patients suffering for concomi-
tant severe primary unilateral HOA and LBP had a
significantly different FNA between the two hips, with a
more anteverted femoral neck observed at the arthritic
hip. This asymmetry in hip FNA is strongly related to
LBP, thus a new connection between hip and spine
pathology has been discovered. This new acquisition
explains why THR should performed primarily in
patients with secondary HSS and, at the same time,
provides an explanation for the concomitant relief of
both hip and low back pain observed after THR, in such
a kind of patients.

The spinopelvic misalignment observed in patients with
concomitant unilateral HOA and LBP, in the absence of
spine structural pathologies, reflects an antalgic posture
developed by the patients to keep spine as vertical as
possible. After THR, a significant increase of PT and a
significant reduction of SS, LL, TK, and TPA are recorded.
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