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Abstract
Introduction  The presence of lumbar spine arthrodesis (SA) is associated with abnormal spinopelvic characteristics and 
inferior outcome post total hip arthroplasty (THA). However, whether patients with upper segment SA are also at increased 
risk of complications is unknown. This study aims to (1) determine if upper segment SA is associated with inferior THA 
outcomes; (2) assess spino-pelvic characteristics; and (3) test whether static or dynamic spinopelvic characteristics correlate 
with outcome post-THA.
Materials and methods  In this retrospective, case-matched, cohort study from a tertiary referral centre, 40 patients (59 hips) 
that had undergone both THA and any level of spinal arthrodesis (49 THA-Lumb and 10 THA-Cerv) were compared with 
41 patients (59 hips) who had THA-only without known spinal pathology. Spino-pelvic characteristics [including severity of 
Degenerative-Disc-Disease (DDD); spinal balance and stiffness] and outcome, including patient reported outcome measures 
(PROMs), at minimum of 1-year post-THA were assessed.
Results  THA-Lumb and THA-Cerv groups had greater number of complications and inferior hip and spinal PROMs com-
pared to THA-Only (p < 0.001). Similar spinopelvic characteristics were seen between the THA-Cerv and THA-Lumb, which 
were significantly different to the THA-only group. The presence of DDD and unbalanced or stiff spine was associated with 
increased dislocation and inferior PROMs in the whole cohort.
Conclusions  THA in the presence of SA, regardless of level, is associated with inferior outcomes and an increased risk for 
dislocation. The presence of a SA is associated with increased risk of adverse spinopelvic characteristics. Such characteristics 
were strongly associated with increased dislocation-risk and inferior PROMs. It is likely that these adverse characteristics 
are the most important adverse predictor, rather than segment of SA per se.
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Introduction

The growth of an aging population is associated with an 
increasing prevalence of degenerative musculoskeletal disease 
[1]. Surgical interventions like total hip arthroplasty (THA) 
and spinal arthrodesis (SA) have evolved significantly and 
are now performed with patients having less complications 
and reporting better patient reported outcomes (PROMs) [2, 
3]. Expectantly, the demand of these surgical procedures has 
increased [4–6]. With the improved efficacy of these proce-
dures and the aging population it is inevitable to more fre-
quently encounter patients with degenerate spines (with or 
without a SA) requiring a THA [1, 7–9].

The effect of a stiff spine (such as in the presence of a SA) 
on THA outcomes has been a topic of significant interest over 
the recent years [10, 11]. Many studies have determined the 
negative effect on THA outcomes and the increased risk of 
complications that such patients experience [12, 13]. These 
studies have predominantly focused on the role that lumbar 
spine arthrodesis has on spino-pelvic mobility and in turn 
THA mechanics [14]. Lumbar spine position is known to have 
an effect on pelvic position in turn affecting acetabular orienta-
tion [15, 16] and thus THA outcome [17]. Patients with lumbar 
SA have altered spino-pelvic mobility, leaving them suscep-
tible for total hip dislocation despite having appropriate cup 
orientation on supine radiographs [18]. The deleterious effect 
of SA is dependent on whether it extends into the sacrum and 
its length (number of segments involved); the longer the SA, 
the greater the risk of complications [9, 19, 20]. Together these 
studies have led arthroplasty surgeons to attempt to account for 
a patient’s underlying spinal condition to mitigate any future 
risk for THA complications [16, 21].

To-date it has not been studied whether patients with upper 
segment SA not involving the lumbar spine are at increased 
risk of complications, similar to patients with lumbar SA. Fur-
thermore, how the degenerate spine, in the absence of previous 
spinal surgery, influences THA outcome is inadequately char-
acterised. The study aims to 1. Determine if upper segment 
SA, akin to observations seen with lumbar SA, is associated 
with inferior THA outcomes compared to patients without a 
SA; 2. Assess whether patients with concomitant THA and 
upper segment SA, exhibited abnormal spino-pelvic character-
istics, similar to those seen in the presence of lumbar SA and; 
3. Test whether static or dynamic spinopelvic characteristics 
correlate with outcome post-THA.

Materials and methods

This is an IRB-approved (OHSN-REB 20170312-01H), 
prospective, cohort study, registered at clinicaltrials.gov 
(NCT03240484). It stems from a tertiary referral centre 

with 13 fellowship-trained hip arthroplasty-surgeons and 
13 fellowship-trained spinal-surgeons. Study protocol and 
results of part of this cohort have previously been published 
[18]. All participants provided written informed consent.

SA‑THA cohorts

Enquiring the hospital’s database, a total of 103 patients who 
underwent both spine arthrodesis and total hip replacements 
between 2002 and 2018 were identified. Exclusion criteria 
for participation was severe dementia; inability to answer 
the questionnaires or come for a clinical review; inability 
to have radiographs for medical reasons; age over 80 years; 
and evidence of SA non-union. There were 3 patients who 
underwent THA with both upper and lumbar spine arthro-
desis. These patients were also excluded from the analysis 
of this study. Finally, 40 patients were eligible to participate 
and presented for a review; there were 6 Upper Segment SA-
THA (THA-Cerv) patients (10 hips) and 34 Lumbar-Spine 
SA-THA (THA-Lumb) patients (49 hips) (Fig. 1A–C).

THA‑Cerv group

The most frequent diagnosis for THA was osteoarthritis 
(85%). The most common approach used for the THA was 
posterior (n = 7) and three had a lateral approach. The upper 
SA fusions predominantly included 1 level anterior cervical 
decompression fusions (n = 2) and 2 level posterior decom-
pression instrumented fusions (PDIF) (n = 1). The remaining 
were > 3 level PDIF (n = 1) not extending to the thoracic 
spine and > 6 level PDIF extending to the thoracic spine 
(n = 2). All THA-Cerv patients had the THA first, with a 
mean interval between procedures of 2.2 ± 2.2 years. Most 
THAs were performed in males (n = 8) and the mean age 
at review was 70.1 (± 7.2) years. The mean BMI was 29.3 
(± 3.9). Detailed demographics of the cases are provided in 
Table 1.

THA‑Lumb group

The most common diagnosis for THA was osteoarthritis 
(87%). Seventeen THAs (35%) were performed prior to the 
lumbar SA, while 32 (65%) THAs were performed post-SA. 
The mean interval between THA and lumbar SA was 5.6 
(± 4.5) years. The most common approach used was lateral 
(n = 24) approach, followed by posterior (n = 16) and direct 
anterior (n = 9) (Table 2). Most hips received uncemented 
implants (95%). The most common level of SA was of L4–5 
(n = 8), followed by L3–5 (n = 6) and L4–S1 (n = 5) Most SA 
were 1- or 2-level fusions (20/34), the remaining 14 were 
of 3 levels or more. Sixteen SA extended into the sacrum. 
Most THAs were performed in females (n = 26, 53%) and 
the mean age at review was 71.8 (± 5.2) years. The mean 
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Fig. 1   Study flow diagrams shows the criteria used and number of patients whom met them for study inclusion for A THA-Lumb, B THA-Cerv, 
and C THA-only

Table 1   Demographics and Pre-
existing lumbar spine disease 
for THA-Cerv and THA-Only

*Significance set at p < 0.05*

Variable Cohort THA-Only THA-Lumb THA-Cerv p value

Gender: M/F (Hips) 37/44 (56/62) 17/24 (25/34) 16/18 (23/26) 4/2(8/2) 0.090
Mean Age at review (mean ± SD) 71.2 ± 4.9 70.8 ± 4.2 71.8 ± 5.2 70.1 ± 7.2 0.508
Mean BMI (mean ± SD) 28.4 ± 3.7 28.2 ± 3.5 28.6 ± 4.1 29.3 ± 3.9 0.526
Pre-existing Lumbar spine disease
 Yes (%) 57 (97) 49 (100) 10 (100)

Radiographic DDD evaluation
 Degenerative Disc Disease
  None 3 3 – – p < 0.001
  Mild 27 23 – 4
  Moderate 29 24 4 1
  Severe 60 10 45 5

 Spinal Mobility Groups
  Flexible and balanced 57 45 11 1 p < 0.001
  Flexible and unbalanced 28 10 11 7
  Rigid and balanced 10 3 7 –
  Rigid andunbalanced 23 1 20 2

Table 2   Approach used with acetabular and femoral components for the whole cohort and THA-SA and THA-Only Groups

Parameter Cohort THA-Only THA-Lumb THA-Cerv p value

Approach (frequency) Total 118 59 49 10 < 0.001*
Anterior 47 38 9 0
Lateral 34 7 24 3
Posterior 37 14 16 7

Mean Size (mean ± SD) Cup (mm) 53.4 ± 4.1 53.1 ± 3.4 53.5 ± 4.9 54.7 ± 4.2 0.456
Femoral Head (mm) 33.0 ± 3.7 33.5 ± 4.0 32.6 ± 3.8 32.0 ± 1.9 0.687
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BMI was 28.6 (± 4.1). Detailed demographics of the cases 
are provided in Table 1.

Controls (THA‑only group)

The control group was case matched with the SA groups 
according to sex, age and BMI (1:1 ratio). Controls were 
41 volunteers post-THA (59 hips) recruited from follow-
up clinics, ensuring appropriate inclusion criteria were met 
with a minimum follow-up post-THA of 1 year. The same 
surgeons operated upon the patients and details are provided 
in Table 2. None of the controls had any spinal surgery in the 
past or had previously been reviewed by a spinal surgeon.

Assessments

Patient review—outcome measures

All patients presenting for a review, were asked to com-
plete four validated Patient Reported Outcome Measures 
(PROMs) questionnaires assessing hip- and spine-function 
as well as their overall well-being. These included the 
Oxford Hip Score (OHS) [22], Western Ontario and McMas-
ter Universities Osteoarthritis Index (WOMAC) score [23], 
the Oswestry Spine Disability index score (ODI) [24], and 
the SF-12 physical and mental scores [25]. Patients with 
bilateral THAs were asked to fill-in WOMAC and OHS 
questionnaires for each hip.

Thereafter, a clinical review lead by an arthroplasty fel-
low was performed, during which medical–surgical com-
plications and re-operations were recorded and a clinical 
examination was performed. The THA-Cerv group patients 
had a formal assessment of their underlying myelopathy 
completed with the mJOA as was the only group with myelo-
pathic findings [26].

Radiographic assessments

All patients underwent 4 radiographs at final follow-up:

1.	 Supine antero-posterior (AP) pelvis
2.	 Standing AP pelvis
3.	 Lateral, standing spine–pelvis–hip–proximal femur
4.	 Lateral, flexed (deep) seated spine–pelvis–hip–proximal 

femur as per patient comfort—this position was chosen 
as this is considered a position of increased risk for dis-
location and edge loading [27, 28].

The same radiographers, using an agreed protocol, 
obtained all radiographs [29]. Detailed description of the 
protocol was previously published [18].

A musculoskeletal staff radiologist reviewed the imag-
ing and reported on any degenerative changes to the lumbar 

spine for patients in the control and the THA-Cerv group, 
using the grading scheme for degenerative disc disease 
(DDD) as described by Esposito et al. [19]. DDD was cat-
egorized if two or more diseased levels were present as nor-
mal, mild, moderate or severe DDD.

Measurements performed

Radiographic cup orientation (inclination/anteversion) was 
measured from the AP pelvic radiographs using a validated 
software (EBRA-cup) [30, 31]. Cup measurements of all 
patients were performed, independently, by 2 observers (an 
arthroplasty fellow and a resident) blinded to patient out-
come; furthermore, 10 patients underwent a repeat measure-
ment by the fellow. The differences in inclination/antever-
sion between the standing and sitting positions, defined as 
Δ, were calculated as:

Δ I n c l i n a t i o n  =  S t a n d i n g _ I n c l i n a t i o n 
                                            − Supine_Inclination.

Δ A n t e v e r s i o n  =  S t a n d i n g _ A n t e v e r s i o n 
                                             − Supine_Anteversion.

A number of spinopelvic parameters were measured from 
the spine–pelvis–hip radiographs (Fig. 2A–D) by a fellow-
ship-trained musculo-skeletal radiologist. These included 
pelvic–incidence (PI) [32–34], sacral slope (SS), pelvic 
tilt (PT), lumbar lordosis angle (LL), pelvic–femoral angle 
(PFA) [35], and ante-inclination of the cup [34].

Parameters calculated

•	 The difference in PT between standing and sitting 
(ΔPTstanding/seated) was calculated as:

	   ΔPTstanding/seated = PTseated − PTstanding.
•	 The difference in PFA between standing and sitting 

(ΔPFAstanding/seated), reflects the arc of hip movement in 
this transition and was calculated as:

	   ΔPFAstanding/seated = PFAseated − PFAstanding.
•	 The difference in Lumbar lordosis between standing to 

sitting (ΔLumbarLordosisstanding/seated), was calculated as:
	   ΔLumbarLordosisstanding/seated = LLstanding – LLseated.
•	 The total sagittal, flexion arc of movement was calculated 

as the sum of hip and lumbar spine flexion (Total Flexion 
Arc; TFA).

	   TFAstanding/seated = ΔPFAstanding/seated + ΔLumbarLordo
sisstanding/seated.

•	 The difference between pelvic incidence and lumbar lor-
dosis was calculated as PI-LL = PI-LLstanding. A PI-LL 
of > 10° was defined as a mismatch within the “flatback” 
range.

•	 A hip user index was calculated as ΔPFA

ΔLL+ΔPFA
× 100 . A 

high percentage indicates that hip and pelvic movement 
contribute much and lumbar spine flexion little to overall 
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sagittal movement [36]. Previous normative data from a 
pre-operative cohort has indicated a threshold value of 
80% for being a hip user [36].

•	 The patient’s combined sagittal index was calculated as 
the sum of the cup ante-inclination and pelvic–femoral 
angle [37]. Values were calculated from both the seated 
and standing position lateral radiographs.

•	 Patients were categorised according to the dynamic 
spino-pelvic characteristics (Phan et al., [16]):

o	 Lumbar lordosis movement: rigid if ΔLL ≤ 20°, or 
flexible if ΔLL > 20

o	 Spinopelvic balance: balanced if PI-LL ≤ 10°, or 
unbalanced if PI-LL > 10° [15, 26]

Power analysis based on one prior study [7] on the pro-
portion of patients who experienced dislocation after THA 
either with or without spinal arthrodesis determined that 43 
hips in each group would be needed for sufficient power 
(b = 0.8, a = 0.05).

Statistics

Comparison were performed between Groups (THA-Cerv; 
THA-Lumb; THA-only) and between THAs with different 
degree of degenerative spinal deformity as per static and 
dynamic radiographic evaluations. Static evaluations included 
3 group comparisons (normal or mild; moderate; and severe 

DDD). Dynamic evaluations included 2 group comparisons—
balanced and flexible and abnormal combinations (unbalanced 
and flexible; balanced and rigid and unbalanced and rigid). 
Sub-analysis was also performed accounting for surgical 
approach and excluding cases that underwent direct anterior 
approach as this approach has been reported to be associated 
with reduced incidence of instability in the setting of spinal 
arthrodesis. Statistical analysis was carried out with non-par-
ametric tests. The Mann–Whitney U and Kruskal Wallis tests 
were used for scale data. The Fisher’s exact and Chi-square 
tests were used for categorical data. Spearman’s test was used 
for correlations. Statistical significance was set at p < 0.05. All 
statistical analysis was carried out, using SPSS software, ver-
sion 21, IBM.

Results

Excellent intra- and inter-observer reliabilities were iden-
tified for both cup and spinal measurements. Intra- and 
inter-class variability for cup orientation were ICC: 0.86 
(95% CI 0.82–0.90) (p < 0.001) and ICC: 0.93 (0.90–0.96), 
(p < 0.001).

Clinical outcomes of THA with Lumbar and Cervical 
SA (Table 3)

Both the THA-Lumb and THA-Cerv groups had 
greater number of complications when compared to 

Fig. 2   Radiographic assessment of spine–pelvic mobility and acetab-
ular cup orientation. A Supine AP pelvis, B Standing AP pelvis with 
EBRA cup measurements overlaid, C Sitting lateral radiograph, D 

standing lateral radiographs with pelvic measurements demonstrated: 
sacral slope (SS), pelvic incidence (PI), pelvic femoral angle (PFA), 
acetabular anti-inclination (AI)
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THA-Only (p < 0.001). Both the THA-Lumb (OHS:33.0, 
WOMAC:71.9, ODI:31.2%) and THA-Cerv (OHS:27.0, 
WOMAC:64.5, ODI:33.9%) groups had inferior hip and 
spinal PROMs when compared to the THA-only group 
(OHS:42.9, WOMAC:89.2, ODI:11.7%) (p < 0.001) 
(Table 3). In addition, 69% THA-Cerv patients were found 
to have mild to moderate myelopathy as measured with the 
modified Japanese Orthopaedic Association (mJOA) score. 
There was no difference in complication rates for the THA-
SA groups between different approaches (DAA: 1/9; lateral: 
4/27; Posterior: 3/23; p = 0.957). Considering THAs with 
lateral and posterior approaches only, the presence of SA 
was associated with increased risk of complications (15/50) 
compared to THA-only (0/21; p < 0.001). This included the 
increased dislocation risk (7/50; THA-Cerv: 3, THA-Lum: 
4) compared to THA-only (0/21) (p = 0.002). One of the 
dislocations in the THA-Lumb group was sustained after a 
direct anterior approach (1/9).

Static and dynamic spinopelvic characteristics 
by group (Tables 4, 5)

The cohort’ mean supine cup orientation had an inclina-
tion/anteversion of 42.7/22.0°. There was no difference in 
inclination between groups. The THA-Cerv group had a sig-
nificantly lower anteversion (11.0° ± 8.2°) compared to the 
THA-Lumb (23.2° ± 9.0°) and the THA-only (23.2° ± 8.6°) 
groups (Table 3). The change in cup orientation when mov-
ing from supine to standing was similar across all groups.

Similar spinopelvic characteristics were seen between 
the THA-Cerv and THA-Lumb, which were signifi-
cantly different to the THA-only group. The THA-Cerv 
(56.1° ± 9.7°) and THA-Lumb (61.5° ± 11.9°) groups 
had significantly greater PI compared to the THA-only 
(46.5° ± 12.6°) group (p = 0.002). When standing both 
the THA-Lumb and THA-Cerv had significantly smaller 
lumbar lordosis and greater standing Pelvic–Tilt and Pel-
vic–Femoral Angle compared to the THA-only group. 
Accordingly, PI-LL was significantly greater in the THA-
Cerv (20.0° ± 18.7°) and the THA-Lumb (18.8° ± 15.0°) 
groups compared to the THA-only group (− 1.2° ± 9.9°) 
(p < 0.001). The THA-Cerv and THA-Lumb Groups had 
a lesser ΔLumbarLordosisstanding/seated than the THA-only 
group. There was no difference in ΔPFAstanding/seated between 
the 3 groups. However, the TFAstanding/seated was significantly 
less in the THA-Cerv and THA-Lumb Groups. The Hip-
User-Index was greatest in the THA-Lumb (83.1%) followed 
by the THA-Cerv (77.6%) and the THA-only groups (71.4%) 
(p < 0.0001).

Abnormal SP characteristics were more prevalent 
(OR: 14; 95% CI: 5.8–34.1) in patients with SA (both 
of the lumbar– and cervical–spine) compared to con-
trols. The degree of DDD was associated with differ-
ent static and dynamic SP characteristics and outcome, 
as detailed in Table 5. Patients with severe DDD had 
increased standing Pelvic–Tilt and reduced Lumbar 
Lordosis angle compared to patients with moderate and 
mild/no DDD. Patients with severe DD had reduced 
ΔLumbarLordosisstanding/seated compared to moderate and 

Table 3   Overall complication and revision rates with patient reported outcome measures

Parameter Cohort THA-Only THA-Lumb THA-Cerv p value

Complication Type (frequency) Dislocation 8 0 4 4
Loosening 4 1 3 0
Greater Trochanteric Fracture 2 0 1 1
Periprosthetic Joint Infection 1 0 1 0 < 0.001
Pain 1 1 0 0
Psoas Irritation 2 1 1 0
Total 17 3 10 4

Revisions (frequency) 11 2 7 2 0.07
Reason for Revision Dislocation 4 0 3 1

Loosening 4 1 3 0
PPF 2 0 1 1
PJI 0 0 0 0
Pain 1 1 0 0

Outcome Measure (mean ± SD) OHS (%) 37.4 ± 10.2 42.9 ± 5.5 33.0 ± 10.2 27.0 ± 11.1 < 0.001*
WOMAC 79.1 ± 21.6 89.2 ± 15.4 71.9 ± 23.3 64.5 ± 17.9 < 0.001*
ODI (%) 22.3 ± 19.7 11.7 ± 11.7 31.2 ± 20.8 33.9 ± 17.9 < 0.001*
SF-12 Physical 39.4 ± 13.3 46.8 ± 9.0 33.0 ± 13.0 26.4 ± 11.4 < 0.001*
SF-12 Mental 53.8 ± 10.5 55.6 ± 7.3 52.7 ± 12.2 46.5 ± 17.8 0.392
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mild/no DDD. The TFAstanding/seated was reduced in the 
severe DDD group. The ΔPFAstanding/seated was similar 
between all groups. Thus, HUI was greater in the severe 
DDD group.

Clinical outcome and spinopelvic characteristics

Clinical outcome was associated with spinopelvic charac-
teristics. THAs that dislocated had significantly greater 
PI-LL compared to THAs that didn’t (24.2 ± 9.2 vs. 
9.3 ± 16.1; p < 0.0001). Patients with dislocation had 
an unbalanced and mobile (n = 5) or an unbalanced and 
stiff (n = 3) spine. Patients with severe DDD had inferior 
PROMs for all measures obtained (Table 5). Similarly, 
patients with balanced and flexible lumbar spine had 
significantly superior OHS (42.0 ± 5.8 vs. 32.4 ± 11.0; 
p < 0.0001), ODI (13.1 ± 13.1 vs. 33.2 ± 10.0; p < 0.0001), 
WOMAC (85.3 ± 18.7 vs. 72.5 ± 21.8; p < 0.0001), 
SF12physical (43.9 ± 11.0 vs. 33.5 ± 13.4; p < 0.0001) and 
SF12mental (56.4 ± 9.9 vs. 51.1 ± 11.8; p = 0.014) com-
pared to the other groups.

Conclusions

Previous studies [12, 13, 18], showed that the presence of 
a Lumbar-SA is associated with inferior THA outcome. In 
this study, we go further to reveal that any level of spinal 
arthrodesis, regardless of whether it involves the upper or 
lower spine, is associated with inferior patient outcome 
and should alert arthroplasty surgeons of the inferior out-
comes such patients for multitude of reasons, amongst 
which is the likely to be the altered spinopelvic character-
istics and any residual neurological deformity. The pres-
ence of a pathological lumbar spine (whether in presence 
of an arthrodesis or not) is associated with specific altered 
spinopelvic characteristics (i.e., spinal stiffness, spino-pel-
vic imbalance) which would be of value to be identified 
prior to the arthroplasty procedure as this study illustrated 
that these characteristics are associated with increased risk 
of complications and reduced patients reported outcomes 
even in patients without SA. Given that these parameters 
do not change with a THA, surgeons should be aware 
of their presence and appropriately council patients and 

Table 4   Cup orientation, spino-pelvic, and spino-pelvic–femoral parameters

PFA Pelvic femoral angle, CSI Combined Sagittal Index

Measurements Parameter/degrees (SD) Cohort THA-Only THA-Lumb THA-Cerv p value

Cup orientation Standing cup inclination (at clinical review) 44.2 ± 9.8 43.3 ± 10.4 44.7 ± 9.7 46.9 ± 7.1 0.568
Standing cup anteversion (at clinical review) 26.2 ± 10.2 27.5 ± 9.2 27.3 ± 9.8 14.3 ± 9.3 0.003*
Supine cup inclination (at clinical review) 42.7 ± 8.8 41.5 ± 9.1 43.2 ± 8.9 46.3 ± 5.7 0.215
Supine cup anteversion (at clinical review) 22.0 ± 9.4 23.2 ± 8.6 23.2 ± 9.0 11.0 ± 8.2 0.002*
Delta anteversion (supine to standing) 4.2 ± 4.5 4.4 ± 5.0 4.1 ± 3.7 3.3 ± 5.5 0.766

Spino-pelvic-factors Sacral slope standing 35.3 ± 9.4 34.6 ± 7.9 35.6 ± 11.5 38.4 ± 5.6 0.355
Sacral slope sitting 48.9 ± 14.1 49.1 ± 12.3 51.0 ± 16.2 37.9 ± 8.6 0.005*
Spino-pelvic tilt standing 20.0 ± 10.2 15.8 ± 7.8 24.7 ± 10.7 22.6 ± 11.0 < 0.001*
Spino-pelvic tilt sitting 5.8 ± 16.3 1.3 ± 14.9 9.3 ± 16.6 16.1 ± 14.6 0.006*
Delta pelvic tilt standing to sitting − 15.3 ± 13.0 − 16.5 ± 10.3 − 15.9 ± 16.1 − 8.3 ± 4.6 0.104
Lumbar Lordosis standing 44.6 ± 13.1 48.5 ± 11.0 42.7 ± 13.7 36.1 ± 14.6 0.014*
Lumbar Lordosis sitting 15.8 ± 13.5 9.7 ± 7.1 24.0 ± 14.4 9.7 ± 12.4 < 0.001*
Delta Lumbar Lordosis 28.7 ± 15.6 39.4 ± 10.5 18.7 ± 14.5 26.4 ± 8.4 < 0.001*
Pelvic incidence 54.2 ± 12.9 46.5 ± 12.6 61.5 ± 11.9 56.1 ± 9.7 0.002*
Anteinclination standing 37.9 ± 12.9 38.8 ± 12.5 38.9 ± 13.3 30.5 ± 11.5 0.197
Anteinclincation sitting 28.0 ± 16.9 30.2 ± 15.1 24.8 ± 19.9 32.0 ± 6.7 0.104
PFA standing operated hip 190.4 ± 21.6 187.5 ± 19.2 191.2 ± 25.7 198.7 ± 9.4 0.015*
PFA sitting operated hip 96.8 ± 14.8 91.0 ± 11.3 99.5 ± 14.5 109.0 ± 19.1 0.025
Delta PFA (standing to sitting) 93.6 ± 21.9 96.4 ± 20.1 91.8 ± 24.6 89.8 ± 14.2 0.250
Delta TSA (standing to sitting) 122.9 ± 24.5 131.9 ± 22.1 114.7 ± 25.1 118.0 ± 19.6 0.004

Spino-pelvic-metrics CSI Standing 228.0 ± 24.5 226.1 ± 23.0 230.1 ± 28.5 229.2 ± 13.9 0.506
CSI Sitting 125.6 ± 24.3 123.6 ± 19.3 124.2 ± 29.3 140.9 ± 22.8 0.051
Hip user index 76.7 ± 13.5 71.4 ± 11.7 83.1 ± 14.5 77.6 ± 4.5 < 0.001*
PI-LL 8.9 ± 16.5 − 1.2 ± 9.9 18.8 ± 15.0 20.0 ± 18.7 < 0.001*
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position/select components to allow for impingement-free 
range of movement in such patients that demand more sag-
ittal movement arc of their THAs.

Patients with SA, regardless of its location exhibited 
inferior outcome regardless of the outcome measure used. 
Both the THA-Lumb and THA-Cerv groups had a sig-
nificantly greater prevalence of complications (especially 
dislocation) and need for further surgery. Furthermore, 
both groups had inferior OHS, WOMAC and ODI scores, 
compared to the THA-only group. It is thus evident that 
the presence of a cervical SA, despite the lack of extension 
into the lumbar spine is associated with inferior outcome 
post THA. This is likely to be the case due to a number of 
reasons that this study has highlighted. First, these patients 
are more likely to suffer with DDD of the lumbar spine 
and have abnormal dynamic spinopelvic characteristics 
(only 1 out 10 illustrated a flexible and balanced spine). 
Such spinopelvic characteristics are akin to those seen in 

patients with lumbar SA, despite the lack of symptoms or 
history of lumbar pathology. Second, a factor that requires 
further analysis is the patient’s neurological baseline. 
Many patients with history of lumbar SA may have per-
manent weakness or altered proprioception as a result of 
their underlying conditions. Furthermore, the indication 
for cervical spine decompression and fusion remains cervi-
cal cord compression with cervical myelomalacia [38]. In 
line with the literature, 69% of the THA-Cerv group was 
found to have some degree of myelomalacia. Given the low 
cohort numbers and this singular assessment of myelopa-
thy it is difficult to conclude that the patient’s neurologi-
cal status played a significant role in the outcome or hip 
instability. What role a patient’s neurologic function has 
on their spino-pelvic mobility has yet to be studied and, 
therefore, remains a possible important avenue for further 
research to further elucidate the true role spinal pathology 
has on spino-pelvic mobility.

Table 5   Cup orientation, spino-pelvic, and spino-pelvic–femoral parameters with different degree of degenerative disc disease

PFA Pelvic femoral angle, CSI Combined Sagittal Index

Measurements Parameter/degrees (SD) Group 1 (none-mild) Group 2 (moderate) Group 3 (severe) p value

Cup orientation Standing cup inclination (at clinical review) 43.6 ± 9.0 42.7 ± 9.4 45.1 ± 10.4 0.552
Standing cup anteversion (at clinical review) 24.1 ± 10.4 29.0 ± 8.0 26.0 ± 10.7 0.270
Supine cup inclination (at clinical review) 42.3 ± 7.3 41.7 ± 8.3 43.5 ± 9.0 0.698
Supine cup anteversion (at clinical review) 20.0 ± 7.8 24.7 ± 8.9 21.7 ± 9.9 0.225
Delta anteversion (supine to standing) 4.3 ± 5.3 3.3 ± 5.6 3.1 ± 6.1 0.632

Spino-pelvic-factors Sacral slope standing 36.4 ± 6.2 36.2 ± 4.9 34.4 ± 11.9 0.339
Sacral slope sitting 47.0 ± 10.8 54.6 ± 13.2 47.5 ± 15.5 0.104
Spino-pelvic tilt standing 16.8 ± 7.0 15.0 ± 8.9 23.7 ± 10.8  < 0.001*
Spino-pelvic tilt sitting 5.1 ± 15.7 − 3.5 ± 14.0 10.0 ± 15.9 0.002*
Delta pelvic tilt standing to sitting − 117 ± 12.4 − 18.4 ± 14.2 − 13.6 ± 12.5 0.173
Lumbar Lordosis standing 49.7 ± 7.4 48.8 ± 11.4 40.3 ± 11.3 < 0.001*
Lumbar Lordosis sitting 7.7 ± 4.8 19.5 ± 14.0 20.9 ± 14.4 < 0.001*
Delta Lumbar Lordosis 42.0 ± 5.4 30.7 ± 9.4 18.5 ± 12.8 < 0.001*
Pelvic incidence 53.3 ± 9.7 51.2 ± 11.8 58.1 ± 16.4 0.083
Anteinclination standing 37.6 ± 12.6 39.2 ± 6.9 37.7 ± 12.5 0.862
Anteinclination sitting 32.9 ± 13.7 30.2 ± 14.3 26.6 ± 16.2 0.266
PFA standing operated hip 189.1 ± 18.5 194.3 ± 13.5 195.0 ± 20.5 0.193
PFA sitting operated hip 94.0 ± 12.8 94.2 ± 13.8 100.4 ± 15.3 0.109
Delta PFA (standing to sitting) 95.0 ± 19.8 94.7 ± 23.7 94.2 ± 20.6 0.901
Delta TSA (standing to sitting) 136.9 ± 19.9 131.3 ± 17.8 112.8 ± 24.3 < 0.001*

Spino-pelvic-metrics CSI standing 225.5 ± 26.7 233.0 ± 12.7 231.9 ± 23.8 0.460
CSI sitting 123.6 ± 23.6 122.5 ± 17.8 128.3 ± 26.6 0.741
Hip user index 67.8 ± 11.8 76.6 ± 5.4 83.3 ± 12.3 < 0.001*
PI-LL 3.1 ± 11.7 21.2 ± 10.6 17.4 ± 16.6 < 0.001*

PROMs OHS 39.7 ± 9.9 41.5 ± 8.0 34.7 ± 10.2 0.002*
WOMAC 82.81 ± 19.5 88.1 ± 18.0 75.2 ± 21.8 0.022*
ODI 18.0 ± 16.6 13.3 ± 14.3 27.9 ± 20.8 0.007*
SF12 physical 43.2 ± 10.4 46.1 ± 10.7 34.9 ± 13.9 0.001*
SF12 mental 54.8 ± 10.0 53.8 ± 9.5 52.8 ± 11.9 0.778
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In this study, findings that complement the literature on 
spinopelvic characteristics were identified. Esposito et al. 
in 2016 showed the role that lumbar arthrosis, caused by 
degenerative disc disease (DDD), has on spino pelvic char-
acteristics. The authors found that patients with DDD had 
greater amount of standing pelvic tilt and lowered sacral 
slope and lordosis levels than patients without spinal pathol-
ogy [19]. Contrary to Esposito et al. patients in all groups 
exhibited the same amount of hip flexion. This is likely to 
be the case, because the study protocol involved deep seated 
radiographs which have shown to be more testing on the hip 
and spine range of movement compared to the relaxed-seated 
position reported by Esposito et al. [19]. It was of interest 
that a significant proportion of patients without known spi-
nal problems exhibited moderate or severe DDD (34/59) and 
14/59 exhibited some form of abnormal spinopelvic charac-
teristic as per Phan et al. [16]. This raises the importance of 
reviewing spinopelvic characteristics in patients presenting 
for THA and is in line with observations by Vigdorchik et al. 
that most patients with a stiff spine presenting for a THA, do 
not have a spinal arthrodesis in situ [39].

This study included patients with a variety of spinal char-
acteristics (known and unknown disease). We were thus able 
to test for associations between static (DDD) and dynamic 
(as per Phan et al.) radiographic findings of spinal disease. 
It was evident that patients with severe DDD and abnormal 
findings (unbalanced and or stiff) had a greater prevalence of 
complications and inferior PROMs for all outcome measures 
obtained compared to patients with no DDD and/or balanced 
and flexible spine. Although such characteristics were more 
prevalent (OR 14; 95% CI 5.8–34.1) in patients with SA 
(both of the lumbar– and cervical–spine), these characteris-
tics were also present in patients without SA and had overall 
had a strong association with inferior outcome. It is hypothe-
sised that it is the presence of the characteristics, rather than 
the presence or a SA, that is the stronger predictor of inferior 
outcome. Since ΔLL and PI-LL do not change as part of 
the THA, surgeons should be aware of these findings and 
appropriately consult patients. Patients with spinal stiffness, 
may require more from their hip to achieve a given task and 
surgeons should be encouraged to robustly pre-operatively 
plan in terms of component orientation (acetabular and fem-
oral orientation and offset) and choice of component used 
(e.g., dual mobility). Furthermore, our study findings are in 
line with those reported by DelSole et al. [40], patients that 
exhibited instability post-THA showed greater lumbar–spine 
imbalance (PI-LL).

This study is not without its limitations. The overall num-
ber of recruited patients with both THA and Cervical SA 
is low as this is a single-centre study. Recruitment of this 
patient group was exceptionally difficult with many patients 
arguing their low mobility as a main limitation to present for 
clinical review. This may have created a selection bias for 

those patients that did present to clinic for those that are of 
better health and overall better mobility. Despite this even 
with the low number of THA-Cerv patients our most impor-
tant assessments (i.e., number of dislocations, Hip PROMs) 
were found to be significantly affected by the presence of 
cervical spinal arthrodesis. As per power calculation, the 
study is underpowered in terms of the THA-Cerv group; 
however, statistical significance was still present illustrat-
ing the important associations detecting in this group. Due 
to the low number of patients who have both a cervical SA 
and a primary THA this group consists of different fusion 
levels. This results in a heterogenous group. The subdivi-
sion of this group into more homogeneous subgroups could 
not be carried out due to the small number. This limitation 
also applies to the lumbar group. Here, the patients with SA 
up to S1 and the patients who only received SA in the lum-
bar spine were combined. Again, the number of subgroups 
would be too small for a meaningful analysis. However, to 
date, there are no studies which compare patients with cer-
vical arthrodesis and THA only patients. Hence, this is the 
first study of its kind and thus of clinical importance, as 
it highlights the relevant associations. Further collabora-
tive studies or registry data would be able to provide more 
additional information and evidence on the novel findings 
reported. Second, we matched patients as per demographic 
parameters of gender, age and BMI. Surgical parameters 
that could have potentially influenced outcome of THA such 
as approach were not matched for. However, studies have 
failed to show a significant difference in THA outcome with 
the different approaches [41]. To account for any surgical 
approach-biases, sub-analyses were performed which failed 
to show an approach-related effect. Furthermore, one of the 
hips sustained a dislocation after a direct anterior approach 
to the hip.

In conclusion, THA in the presence of SA, regardless of 
level, is associated with inferior outcomes and an increased 
risk for dislocation. The presence of a SA is associated with 
increased risk of adverse spinopelvic characteristics (stati-
cally and dynamically). Such characteristics were strongly 
associated with increased dislocation-risk as well as inferior 
patient reported outcome scores and it is likely that these 
adverse characteristics are the most important adverse pre-
dictor, rather than segment of SA per se. We argue that 
any patient with a history of any level of spinal arthrodesis 
undergoing THA should have dynamic lateral radiographs 
obtained to better examine their spinopelvic movement to 
better mitigate their risk of complication and inferior func-
tional outcomes.
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