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Background:  Residual  complications  of  conventionally  implanted  hip  components  have  only  been  par-
tially  reduced  by  improved  implant  design  and  higher  surgical  precision,  and  their  occurrence  is  poorly
predicted  by  the  radiographic  standing/supine  cup orientation.  This  has  raised  awareness  that  con-
ventional  techniques  may  not  aim  for the  correct  component  orientation  target,  and  the  lumbo-pelvic
kinematics,  which  influences  the  functional  acetabular  orientation,  may  be  of interest  to further  improve
THA  clinical  outcomes.  This has  led to the development  of  the  Lumbo-Pelvic  kinematic  alignment  (KA)
technique  for THA  that  aims  to anatomically  position  and  kinematically  align hip  implants  (acetabu-
lar  and  femoral,  total  and  resurfacing  components),  in order  to optimise  prosthetic  hip  biomechanics
and  hopefully  improve  prosthetic  function,  patient  satisfaction,  and  components’  lifespan.  Therefore,  we
conducted  a case  control  investigation  to assess  the  early-term  safety  and  efficacy  of  this  new  technique
by  answering  the  following  questions:  does  the  KA  technique  for THA:  (1) better  restore  the  native  hip
anatomy,  (2)  generate  a different  radiographic  supine  cup  position,  and  (3)  improve  clinical  outcomes  in
comparison  to the  conventional  mechanical  alignment  technique?
Hypotheses:  Using  KA  technique  allows  there  is  no  statistically  significant  difference  between  the  pre  to
postoperative  differential  for  acetabular  medial  and  vertical  offsets,  femoral  offset,  and  leg  length.
Methods:  We  led  a case  control  retrospective  study  with  prospectively  collected  clinical  data.  Forty-one
consecutive  unselected  KA-THAs  performed  with  manual  instrumentation  were  paired  with  41  mechan-
ically  aligned  THAs.  The  1-year  clinical  outcomes  and  radiographical  measurements  were  compared.
Results:  Compared  to the  mechanical  alignment  technique,  the  KA  technique  resulted  in a  more  anatomi-
cal  restoration  of  the  prosthetic  hip  centre  of rotation  with  a  lower  delta  pre-  to post-operative  horizontal
acetabular  offset  (1.47  mm  for  KA versus  −5.1  mm  for  MA,  p = 0.001),  and  with  74%  of  KA  versus  50%  of
MA  cups  (p = 0.044)  being  within  15% of  native  anatomy  for  the  horizontal  acetabular  offset.  In addition,
the  KA  technique  resulted  in a higher  cup  anteversion  (22◦ ± 7◦ vs 15◦ ± 8◦,  p  < 0.001)  but  similar  cup
inclination  (41◦ ±  6◦ vs. 42◦ ±  7◦, p = 0.25),  a similar  proportion  of  cups  within  the  Lewinnek  zone  (65%
vs.  70%, p = 0.8),  similar  excellent  functional  outcomes  (delta  Oxford  score  pre-  to  follow-up  of 24.3  and
23.5  points  for KA  and  MA groups,  respectively,  p = 0.88),  similar  patient  satisfaction  scores  of 95.4/100
and  89.5/100  for  KA  and  MA  groups,  respectively,  and  the  same  absence  of aseptic  complications.

Conclusion:  The  KA  technique  for THA  has  been  demonstrated  to  be  safe,  efficacious,  and  not  inferior  to
the  conventional  MA  technique  at early-term.  As  the concept  of  the KA  technique  for  THA  is only  at  an
early  stage,  its influence  on  mid  to  long-term  clinical  outcomes  remains  to be  determined  and  further
refinements  of the  concept  are  yet  to  be made.
Level of evidence:  III; case-control  retrospective  study.
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. Introduction

Many techniques for implanting hip components have suc-
eeded over the last 60 years, progressively improving the clinical
utcomes of THA to an acceptable level [1]. The initial and gold
tandard technique, namely mechanical alignment (MA), aims to
chieve set biomechanical parameters, whilst disregarding most of
he individual hip anatomy [2,3]. Minimisation of both joint reac-
ion forces and the risk of dislocation was attempted by medialising
he prosthetic hip centre of rotation (COR) [3,4] and by systemati-
ally (similarly implanted between patients) orienting components
5,6], respectively. Subsequently, concepts of combined antever-
ion [7] and of anatomical hip reconstruction (patient-specific
onstitutional acetabular and neck anteversion) [4,8–12] were suc-
essfully promoted. Furthermore, the concept of functional cup
ositioning (pelvic tilt adjusted cup implantation) [13,14], the goal
f which is to achieve a more reliable supine or standing radio-
raphical cup position, thus improving the standing components’
nteraction, has been drawing interest. All the afore-mentioned
echniques for implanting hip components have led to good long-
erm clinical outcomes despite some remaining complications,
rimarily related to the poor interaction of components [1,15–17].

nterestingly, those complications have only been partially reduced
y improved implant design [1,15] and higher surgical precision
rom technological assistance [18], and their occurrence is poorly
redicted by the radiographic standing/supine cup orientation
5,6,17,19,20]. While the former suggests those techniques may
ot aim for the right components’ orientation target, the latter
aises the point that standing/supine cup orientation is insuffi-
ient to estimate the full picture of the component interaction
uring activities of daily living (ADLs). This has raised our aware-
ess that sitting component interaction [21–24], and therefore the

umbo-pelvic kinematics (influencing the functional acetabular ori-
ntation) [21,25–27], may  be of interest to further improve clinical
utcomes of THA. This has led to the development of the lumbo-
elvic kinematic alignment (KA) technique for THA [21,28].

The KA technique for THA was initially described in 2017 [21,28]
o account for inter-individually variable lumbo-pelvic kinemat-
cs between standing and sitting [21,29–31]. The technique was
nspired by initial work from Laffargue et al. [32] on considering
he hip kinematics for guiding the cup implantation. With the KA
echnique, patients with an abnormally stiff lumbo-pelvic complex
ill be implanted with a high tolerance (for risks of edge load-

ng and articular impingement) cup design [33–35], plus or minus
djustment of their cup orientation by making a slight deviation
rom their native anatomy. By restoring the constitutional anatomy,
hysiological soft-tissue balance is reproduced, thus probably
reventing imbalance-related complications (stiffness, pain, insta-
ility symptoms), and favouring the patient-specific physiological

oint kinematics [3,4,11,36]. It is hoped this will result in improved
unctional outcomes and patient satisfaction. As the restoration of
he native proximal femur anatomy and centre of rotation are key
o producing physiological prosthetic hip kinematics [3,4,11,36],
djustment of component position primarily concerns the cup. The
A technique for THA aims to improve the early to long-term
ip component lifespan through improving the individual func-
ional interaction of components during activities of daily living
ADLs). The need for this is heightened given we are now implant-
ng younger, high-demand patients with a longer life expectancy,

ho are at a higher risk of revision surgery [1]. If accurate compo-
ent alignment could be achieved in all patients, the THA revision
urden would hopefully be significantly reduced.
As there is no clinical data regarding this new KA technique, we
nitiated a case control investigation to assess its value and aimed

ith this pilot study to determine its early-term safety and effi-
acy. This study aimed to answer the following questions: does the
 Surgery & Research 105 (2019) 895–905

KA technique for THA (1) better restore the native hip anatomy,
(2) generate a different radiographic supine cup position, and (3)
improve clinical outcomes in comparison to the MA  technique?
We therefore tested the hypotheses: There is no statistically signif-
icant difference between (1) the pre to postoperative differential
for acetabular medial and vertical offsets, femoral offset, and leg
length, regardless of the technique for implanting components
(KA or MA), (2) the KA and MA  radiographic cup orientation, and
(3) patient reported outcomes measures (PROMs) for KA and MA
patients.

2. Patients and Methods

2.1. Patients

We  led a retrospective case-matched study using prospectively
collected data (patient registry) on 1164 consecutive osteoarthritic
adult hip patients having undergone a primary THA, either kine-
matically or mechanically aligned, in our centre between March
and December 2017. Forty-one consecutive KA-THA patients (KA
group - case), with a minimum of 1-year of follow-up, were selected
and matched in a 1:1 ratio for age, gender, body mass index and
preoperative functional scores with MA-THA patients (MA  group –
control). Demographic data and preoperative PROMs for each group
are illustrated in Table 1. As this pilot study was an audit of practice,
no ethical approval was required.

3. Methods

Experienced, fellow-trained surgeons performed all operative
procedures using manual instrumentation (free-hand technique),
following digital preoperative templating. All patients received
a similar pre and post-operative rehabilitation protocol. Details
regarding the procedure (approach, implant design and fixation)
are shown in Table 1.

Conventional mechanical surgical technique (MA  technique):
Patients were positioned in lateral decubitus and MA-THA was
performed either through a posterior or lateral approach. The
acetabulum was reamed medially until reaching the quadrilat-
eral bone, and the cup was impacted with 40◦ inclination and
15◦ anteversion relative to the table plane. The proximal femur
reconstruction aimed to restore femoral length and medial offset,
in addition to approximately 15◦ of prosthetic neck anteversion
relative to the posterior condylar line.

Lumbo-pelvic Kinematic alignment surgical technique (KA
technique): The surgical procedure followed a precise step-wise
execution, as illustrated in Fig. 1. Femoral reconstruction aimed to
be anatomic, following a modified calliper technique as described
by Hill et al. [39], inter alia. After the individual preoperative spine-
hip relationship (SHR–simplified Bordeaux classification, Table 2)
was defined via clinical examination and analysis of lateral lumbo-
pelvic standing and sitting radiographs as illustrated in Fig. 2
[21,31], the choice for cup design and orientation was determined
following algorithms illustrated in Table 3 and Fig. 3. In short, cup
orientation adjustment was made when selecting a more toler-
ant implant (larger head neck ratio, dual mobility) was  considered
insufficient to compensate for the poor lumbo-pelvic kinematics
(subsequent suboptimal cup functional orientation if anatomically
aligned), and this was at the discretion of the surgeon (CR). When
an adjustment was deemed necessary, the goal was to achieve
a compromised cup orientation preventing aberrant component

interaction in standing and sitting positions, thus generating a
fair functional component interaction. The extent of adjustment
required was  determined using the following published principles:
the average posterior pelvic tilt from standing to sitting for patients
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Table  1
Descriptive data of the kinematically aligned (KA) and mechanically aligned (MA) patients.

Variable KA patients
(n = 41)

MA  patients
(n = 41)

p-value

Sex, male (number) 17 17 0.823
Age,  years (mean ± SD) 68 ± 10 67 ± 9 0.682
BMI,  kg/m2 (mean ± SD) 27.5 ± 5 29.5 ± 6 0.061
Contralateral hip, prosthetic (number) 7 8 1.000
Preoperative OHS, score (mean ± SD) 18.7 ± 9 18.9 ± 7.8 0.948
Preoperative EQ-5D index, score (mean ± SD) 0.36 ± 0.32 0.41 ± 0.3 0.465
Preoperative EQ-5D, VAS (mean ± SD) 64 ± 25 66 ± 21 0.583
Follow-up duration, months (mean ± SD) 8.2 ± 2.9 7.5 ± 2.9 0.258
Implanted side, right (number) 21 22 1.000
Fixation, cementless/hybrid (number) 36/4 16/25 < 0.001a

Approach, posterior/direct anterior/lateral (number) 28/13/0 23/4/14 < 0.001a

Surface bearing, full ceramic/ceramic on polyethylene/metal on
polyethylene/dual mobility (number)

25/4/2/10 12/21/8/0 < 0.001a

Head size, 36/32/28 for dual mobility cup (number) 24/7/10 26/15/0 < 0.001a

Cup size, mm (mean ± SD) 52.5 ± 2.5 52.2 ± 3.4 0.771
Duration before discharge, days (mean ± SD) 3.8 ± 1.5 3.8 ± 1.6 0.943

BMI: body mass index, OHS: oxford hip score [37], EQ-5D; euro quality of life 5 dimensions [38], VAS: visual analogic score.
a Expresses a significant difference.

Fig. 1. Main surgical steps to achieve a kinematically aligned (KA) Total Hip Arthroplasty (THA). TAL: Transverse Acetabular Ligament.

Table 2
Simplified Bordeaux classification of spine-hip relationships and their diagnostic criteria. Pelvic Incidence (PI), Lumbo-Lordosis (LL), Sagittal Vertical Axis distance (SVA).

Simplified Bordeaux Classification of Spine-Hip Relationship

Lumbo-pelvic complex Flexible Increasing stiffness

Spine-hip relationship A 1 B C D Fused spine

Diagnosis Pelvic Incidence > 30◦

No standing PI-LL
PI < 30◦ No standing PI-LL

mismatch
◦ delta
l-slop
ing to

Standing PI-LL
mismatch

Standing PI-LL
mismatch

Instrumented or
biologically fused
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t

3

a
m
r
O
(

i

mismatch
>  10◦ delta sacral-slope
from standing to sitting

< 10
sacra
stand

s approximately 20◦ [30,40,41], for every 10◦ of pelvic tilt there is
 change of cup orientation by approximately 7◦ (anteversion) and
◦(inclination) [14], and the normal standing Sacral Slope is equal
o 75% of Pelvic incidence [29,30].

.1. Methods of assessment

Patients were assessed both before and 1 year after surgery. Pre
nd post-operative complications and patient reported outcomes
easures (PROMs) were recorded, including patient satisfaction

egarding the outcome of the THA (100 points visual analogic scale),

xford Hip Score (OHS) [37], and Euro quality of life–5 dimensions

EQ-5D index and EQ-5D VAS for general health status) [38].
Preoperatively, all patients undertook routine radiographic

maging including a calibrated antero-posterior standing pelvis
e from
 sitting

Normal SVA Abnormal SVA spine

view and a lateral cross-leg view of the osteoarthritic hip; KA
patients received additional standing and sitting lateral lumbo-
pelvic radiographs. Postoperatively, all patients had a supine pelvic
radiograph and a lateral view of the prosthetic hip. Radiographic
measurements, including pre and post-operative hip anatomical
parameters (acetabular horizontal and vertical offsets, femoral off-
set, and limb-length), the preoperative spino-pelvic parameters
(pelvic incidence, sacral slope, lumbar lordosis L1-L5, and sacro-
femoral angles) in standing and sitting positions, and the supine
cup anteversion and inclination, were made using TraumaCad soft-
ware (Brainlab, Cambourne, Cambridge, UK), as illustrated in Fig. 4.
The preoperative anatomical hip parameters were measured on the
contralateral healthy hip when the osteoarthritic hip was exces-

sively degenerated and considered unreliable to estimate the native
anatomy.
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Fig. 2. Algorithm for defining the individual spine-hip relationship (SHR) according to the Bordeaux classification. PI: pelvic incidence, LL: lumbar lordosis, SS: sacral slope.

Table 3
Algorithm for adjusting the cup orientation to compensate for the individual Spine-Hip Relationship.

Simplified Bordeaux Classification of Spine-Hip Relationship

Spine-hip
relationship

A 1 B C D Fused spine

Cup anteversion
adjustment

None (cup parallel
to TAL)

Increased cup anteversion by 3.5◦

(relative to TAL) for every 10◦ of lack of
pelvic retroversion when sitting
(normal pelvic retroversion when
sitting = 20◦)

Reduced cup anteversion by 3.5◦

(relative to TAL) for every 10◦ of
excessive standing pelvic retroversion
(normal standing sacral slope = 75% of
pelvic incidence)

Idem B or C,
depending on
position of fusion
and residual
flexibility

Cup  inclination
adjustment

None (radiographic
target: 40◦)

Don’t change your free-hand technique
for cup inclination as the additional
cup anteversion will increase the
radiographic cup inclination

◦)

T

3

p
f
a
l
t

(radiographic target: 40◦ to 50

AL: Transverse Acetabular Ligament.

.2. Statistics

Descriptive statistics were used and quantitative analyses were
erformed on a per protocol basis and confined to data derived

rom the period of follow-up. Continuous variables were expressed
s mean ± standard deviation, and categorical data with abso-
ute frequencies and percentages. Paired t-tests were performed
o compare pre- and post-operative anatomical parameters, and
clinical outcomes between KA and MA-THAs. The Chi-square test
was used for discrete variables. The level of significance was set
at 0.05 after adjustment. The proportion of prosthetic hips with
anatomical parameters restored within 15% of native anatomy,

considered to have negligible influence on function, has been cal-
culated. Two independent assessors (CM and CYH) computed the
cup positioning, and the inter-observer reliability of cup inclination
and anteversion measurements was  tested by using the intraclass
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Fig. 3. Simplified Bordeaux classification of spine-hip relationship (SHR) with types 2A, 1, B, C, and D. The risks of poor functional component interaction and the need for
cup  adjustment (design and orientation) are estimated.

Fig. 4. Radiographical parameters measured with Traumacad. A. Anterior-posterior pelvic radiograph demonstrating a 27◦ cup anteversion and 35◦ cup inclination, a 2 mm
limb  length discrepancy (31 mm–29 mm),  a 40 mm native femoral offset, and a 14 mm and 86 mm for the vertical and horizontal native centre of rotation offsets, respectively.
Lateral  lumbo-pelvic standing (B) and sitting (C) radiographs demonstrating preoperative spino-pelvic parameter measurements, including pelvic incidence (PI), sacral slope
(SS),  L1L5 lumbar lordosis (LL) and sacrofemoral angle (SFA). With a normal PI at 56◦ , no PI-LL mismatch when standing, and a 22◦ (41–19) SS reduction from standing to
sitting,  the patient is having a normal SHR type 2A. Patient flexed by 71◦ (=360-123-166) his hips in order to sit.

Table 4
Table illustrating preoperative spino-pelvic parameters and supine cup orientation of the whole group of KA patients, depending on their spine-hip relationship (SHR).

SHR type (Number of patients) all KA patients
(n = 34)

SHR A
(n = 17)

SHR 1
(n = 1)

SHR B
(n = 4)

SHR C
(n = 7)

SHR D
(n = 5)

Pelvic Incidence (◦) 51 (29 to 84) 50 ± 10 29 57 ± 19 57 ± 10 48 ± 13
Lumbar Lordosis – Pelvic Incidence 5 (−31 to 43) −2 ± 5 2 3 ± 3 13 ± 31 19 ± 6
Standing sacral slope (◦) 36 (11 to 70) 39 ± 7 27 42 ± 19 35 ± 5 24 ± 11
Delta sacral slope (◦) 21 (2 to 47) 23 ± 11 5 6 ± 3 32 ± 9 12 ± 7
Standing Lumbar Lordosis (◦) 47 (5 to 79) 52 ± 10 27 54 ± 17 44 ± 25 28 ± 15
Delta Lumbar Lordosis (◦) 19 (−9 to 66) 25 ± 11 9 4 ± 9 24 ± 30 5 ± 7
Delta  Sacro Femoral Angle (◦) 59 (28 to 91) 56 ± 14 70 85 ± 6 42 ± 13 71 ± 8
Bearings (32,36,Dual mobility) 6,20,8 5,12,0 0,1,0 1,3,0 0,4,3 0, 0, 5
Approach (direct anterior,

mini-posterior)
10,24 5, 12 0,1 2,2 3,4 0,5

Supine cup inclination 40.6 ± 5.9
(25 to 52)

41 ± 3
(35 to 48)

41 43 ± 11
(28 to 52)

36 ± 6
(25 to 43)

42 ± 7
(32 to 50)

Supine  cup anteversion 21.6 ± 7.5
(11 to 38)

21 ± 6
(11 to 30)

17 28 ± 7
(17 to 34)

24 ± 10
(11 to 38)

22 ± 6
(16 to 32)

1/1

R

c
a
a
e
t
d
d
t
1

4

fi
1

Number  of cup adjusted (%) 12/34 (35%) 0 (0%) 

esults are expressed as mean ± Standard deviation (range).

orrelation coefficient (ICC). The resulting ICC indicated excellent
greement for both cup inclination (ICC 0.97–CI: 0.95–0.98) and
nteversion (ICC 0.93–CI: 0.89–0.96). Using the two-tailed hypoth-
sis test at an alpha level of 0.05 and a power of 80%, it was  found
hat 37 patients per group were required to detect a 3(±4) point
ifference in the OHS [37]. In order to account for 10% of missing
ata, we recruited 41 patients per group. All the statistical compu-
ations were two-tailed and were performed with SPSSTM Statistics
8 statistical software (IBM, Armonk, NY, USA).

. Results
For KA patients, according to the simplified Bordeaux classi-
cation, 17 patients had a flexible (SHR A) and 17 a stiff (1 SHR
/4 SHR B/7 SHR C/5 SHR D/no fusion) lumbo-pelvic complex.
 (100%) 4/4 (100%) 2/7 (29%) 5/5 (100%)

The preoperative spino-pelvic parameters, details regarding the
surgical procedure, and the supine cup orientation for KA patients
from the whole cohort of each sub-group of SHR are illustrated in
Table 4. None of the patients with a flexible lumbo-pelvic complex
(SHR A) had an adjustment of the cup orientation (kinematic and
anatomical cup positioning were matching), while 12/17 (70%)
patients with a stiff lumbo-pelvic complex did (kinematic and
anatomical cup positioning were not matching). Five patients with
SHR type C because of a slight spine degeneration (standing sacral
slope > 50% of the pelvic incidence) had their cup anatomically
implanted without adjustment because it was considered the cup

tolerance would be sufficient to palliate this slightly abnormal
SHR. Consequently, only 12/34 (35%) KA cups were adjusted.

Both Table 5 and Fig. 5 illustrate the comparison between native
and prosthetic (KA and MA)  anatomical hip parameters. Seven
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Table 5
omparison of pre and post-operative radiological parameters for kinematically aligned (KA) and mechanically aligned (MA) patients.

Variable KA patients
(n = 34)

MA patients
(n = 34)

p value

Vertical acetabular offset Preoperative native 14.8 ± 2.8 15.1 ± 3.9
Postoperative 15.2 ± 3.2 16.8 ± 4.3
�  pre to post 0.35 ± 2.56 1.71 ± 3.34 0.065
p  value 0.43 0.005a

Horizontal acetabular offset Preoperative native 31.4 ± 5.8 33.5 ± 4.9
Postoperative 30 ± 4.2 28.4 ± 3.9
�  pre to post −1.47 ± 4.31 −5.09 ± 4.47 0.001
p  value 0.06 < 0.001a

Femoral offset Preoperative native 36.4 ± 7.6 37.6 ± 7.9
Postoperative 37.6 ± 7.1 39.6 ± 6.3
�  pre to post 1.12 ± 4.54 2 ± 6.8 0.531
p  value 0.16 0.1

Limb length Preoperative native −0.12 ± 2.06 −0.21 ± 1.55
Postoperative −0.29 ± 2.38 −0.06 ± 1.52
�  pre to post −0.18 ± 1.09 0.15 ± 1.37 0.285
p  value 0.35 0.54

a Significant difference.

Fig. 5. Comparison of anatomical restoration of centre of rotation (above graph) and leg length and femoral offset (below graph) between treatment groups, as assessed on
r nal) an
d  recon
C

p
e
n
v
o
t

adiographs. Every dot represents the difference between preoperative (constitutio
iffer  between the KA prosthetic reconstructions and the native hips. In contrast, MA
OR  when compared to the native hip. THR: Total Hip replacement.

ostoperative radiographs in each group (7 matched pairs) were
xcluded from the radiographic analysis because the coccyx was

ot centred on the symphysis (rotation of the pelvis in the trans-
erse plane), thus affecting the quality of our measurements. None
f the measured anatomical parameters differ between the pros-
hetic KA-THAs and the native hips. In contrast, MA-THA resulted in
d postoperative (prosthetic) values. None of the measured anatomical parameters
structions resulted in a more medial (p < 0.001) and proximal (p = 0.005) prosthetic

a more medial (p < 0.001) and proximal (p = 0.005) prosthetic COR
when compared to the native hip. When comparing KA and MA

acetabular reconstructions, the delta pre- to post-operative was dif-
ferent for the horizontal acetabular offset (respectively 1.47 ± 4.3
versus −5.1 ± 4.5, p = 0.001) but similar for the vertical acetabular
offset (respectively 0.35 ± 2.6 vs. 1.7 ± 3.3, p = 0.065). Anatomical
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Fig. 6. A scatter plot showing the dispersion of the supine cup inclination and anteversion angles between KA and MA  patients. KA cups were more anteverted (p < 0.001)
but  had similar inclination (p = 0.25). A similar proportion of KA (22/34 – 65%) and MA  (24/34 – 70%) cups are matching the Lewinnek zone (p = 0.8).

Table 6
Comparison of pre and post-operative Patient Reported Outcome Measures (PROMs) for each treatment group.

Variable Preoperative
(n = 78)

Postoperative
(n = 78)

� pre to postoperative p value

OHS [37] KA patients 18.8 ± 9.13 43.1 ± 5.3 24.3 ± 8.71 < 0.001a

MA patients 19.13 ± 7.74 43.1 ± 6.43 23.5 ± 8.21 < 0.001a

p value 0.858 0.608 0.624 –
EQ-5D index [38] KA patients 0.37 ± 0.32 0.79 ± 0.23 0.4 ± 0.28 < 0.001a

MA patients 0.42 ± 0.3 0.77 ± 0.31 0.29 ± 0.31 < 0.001a

p value 0.466 0.990 0.489 –
EQ-5D VAS [38] KA patients 63.65 ± 25.32 76.39 ± 20.11 13.17 ± 21.28 0.001a

MA patients 67.1 ± 20.74 79.72 ± 17.17 8.75 ± 20.1 0.020a

p value 0.498 0.675 0.168 –
Outcome satisfaction KA patients – 95.4 ± 6.95 – –

MA  patients – 89.51 ± 23.15 – –
p  value – 0.138 – –
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esults are expressed in mean ± standard deviation. KA: kinematically aligned, MA:
ife  - 5 dimensions [38], VAS: visual analogic score.

a Expresses a significant difference.

estoration (within 15% of native anatomy for horizontal and verti-
al acetabular offsets, and for femoral offset) was  achieved for 26/34
76%), 21/34 (62%), 24/34 (71%) and 17/34 (50%), 15/34 (44%), 17/34
50%) KA and MA  patients, with p = 0.044, p = 0.224 and p = 0.137
espectively.

Fig. 6 illustrates the supine radiographic cup positions for KA
nd MA-THAs. Table 4 shows the preoperative spino-pelvic param-
ters and postoperative cup orientations for KA patients depending
n their SHR. KA cups were more anteverted (22◦ ± 7◦ vs 15◦ ± 8◦,

 < 0.001) but with similar inclination (41◦ ± 6◦ vs 42◦ ± 7◦, p = 0.25)
hen compared with MA  cups. Considering the cup inclination, cup

nteversion, and the combined cup orientation, respectively, 31/34
91%), 23/34 (68%), and 22/34 (65%) for KA cups and 29/34 (85%),
6/34 (76%), and 24/34 (70%) for MA  cups were matching the Lewin-
eck recommendations (p = 0.71, p = 0.59, and p = 0.8, respectively).

Table 6 and Figs. 7 and 8 illustrate the pre and post-operative
linical outcomes for KA and MA  groups. Two MA patients (one
ho had a septic revision and another with missing 1-year PROMs
espite multiple contact attempts) and their respective matched
A patients, were excluded from the PROMs analysis. KA and MA
echniques for implanting a THA similarly generated high func-
ional outcomes (OHS mean 43.1 ± standard deviation 5 (min 27,

ax  48) for KA group and 43.1 ± 6 (min 16, max  48) for MA  group,
 = 0.608) and general health status (EQ-5D index and EQ-5D VAS).
anically aligned, �:  difference, OHS: Oxford Hip Score [37], EQ-5D: euro quality of

KA patients had a slightly higher progression from the preopera-
tive condition with delta scores 24.3 ± 9 versus 23.5 ± 8 (p = 0.624)
for the OHS, 0.4 ± 0.3 versus 0.29 ± 0.3 (p = 0.489) for the EQ-5D
index, and 13.2 ± 21.3 versus 8.8 ± 20.1 (p = 0.168) for the EQ-5D
VAS. Patient satisfaction was  also similar, averaging 95.4/100 ±6.9
(min 60, max  100) and 89.5/100 ± 23.4 (min 0, max  100) (p = 0.138)
for KA and MA patients, respectively. Regarding complications, one
patient in the MA group had a septic revision; no other complica-
tions (reoperation, dislocation, etc.) were recorded in either group.
Both the KA and MA  groups had 7 patients out of 40 (18%) that
reached the highest mark for OHS (48), and 32/40 (80%) and 30/40
(75%), respectively, that reached the top 15% mark for OHS (≥41).

5. Discussion

Lumbo-pelvic KA technique for THA is a surgical technique
which aims to anatomically position and kinematically align hip
implants to optimise the prosthetic hip biomechanics, with the
hope of improving prosthetic hip function, patient satisfaction,
and implant survivorship. We found the early outcomes of free-

hand KA-THA to be promising, with high prosthetic hip function
and patient satisfaction, acceptable cup orientation, no catastrophic
failure, and no inferior results when compared to conventional MA-
THA. The KA technique for THA is likely to be safe and efficacious
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Fig. 7. Box plot illustrating the pre- (left) and post- (right) operative Oxford Hip
Score for the kinematically (KA) and mechanically (MA) aligned groups. The mean
values and standard deviation are shown in green colour. The median values,
interquartile range, and extreme values of the score are displayed in brown (preop)
a
b

a
m
e
c
t

is not likely to result in an unexpectedly high failure rate. There is

F
a
d

nd blue (postop) colours. The differences (absolute and delta values) observed
etween groups did not reach statistical significance. THR: Total Hip Replacement.

t early term. Several authors, listed in Table 7, have reported on
ethods for implanting THA that resemble our KA concept. Stefl
t al. [42] planned a personalised cup position using CAS to exe-
ute their plan. The cup position was defined after considering
he lumbo-pelvic complex kinematics and the femoral component

ig. 8. Scatter plot showing the distribution of the postoperative outcome satisfaction (l
nd  mechanically (MA) aligned groups. Both scores were captured via a visual analogic 

ifferences observed between groups did not reach statistical significance. THR: Total Hip
 Surgery & Research 105 (2019) 895–905

anteversion, with the goal of having the cup within the Lewin-
nek safe zone on a standing pelvic radiograph. Spencer-Gardner
et al. [43] reported on 100 THAs performed with the Optimized
Positioning SystemTM (OPSTM), aimed at anatomically restoring
the proximal femur anatomy and kinematically positioning the
cup. The functional components’ interaction is estimated through
a sophisticated process necessitating preoperative lateral lumbo-
pelvic radiographs and low-dose pelvic CT scan; a software then
computes the data and generates several recommendations for
orienting the cup. Patient-specific instrumentation and a specific
OPSTM navigation system with laser guidance is then used to exe-
cute the plan. Those techniques differ from our KA technique in that
the component orientation planning requires complex calculations
[43], the implantation of components requires technological assis-
tance [42,43], and the components were not anatomically aligned
in Stefl et al. [42] report.

We found that the KA technique acceptably restored the native
hip anatomy (COR and proximal femur) to a better extent than
the MA technique, with mean differences between native and
KA prosthetic anatomical parameters being infra-millimetric. The
better anatomical reconstruction with the KA technique is not
surprising, as the KA technique aims at a “kinematic and almost
fully anatomic” implantation, while the MA  technique aims at a
“biomechanically-friendly but partially anatomic” one. Our results
are in line with studies having reported successful attempts for
anatomically reconstructing the native hip centre of rotation and
proximal femur anatomy [8,36]. The ability to perform a good
biomechanical reconstruction may be due to the fact that the KA
technique relies on intra-articular landmarks and simple quality
control tools (ruler for reproducing femoral length and offset, neck
cut and TAL for controlling femoral stem and cup anteversion,
respectively), which are likely to contribute to an improved repro-
ducibility of the prosthetic implantation [44].

With the exception of a higher KA cup anteversion, we  found
similar results for KA and MA cup supine orientation. This indi-
cates that the KA technique, despite its philosophy of anatomically
aligning cups plus kinematically adjusting approximately one third
of them, does not generate aberrant cup positioning, and therefore
no literature available to directly compare our cup orientation to, as
this is the first clinical report about the KA technique for implanting
THA. However, it is interesting to note that the cup orientation of

eft graph) and EQ-5D Health status (right graph) scores for the kinematically (KA)
scale ranging from 0 to 100. The blue horizontal lines represent mean values. The

 Replacement.
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Table 7
Table illustrating the studies which have reported clinical data on patients having their total hip arthroplasty implanted with consideration of the lumbo-pelvic sagittal kinematics or spine-hip relationship status.

Study design Specific preop
imaging to define
individual SHR

Technique for implanting
components

Number of THA
(patients) and
follow-up

Clinical outcomes Cup anteversion Cup inclination Proportion cup
within the safe
zone

Stefl et al. [42] Prospective study
of radiographic
outcomes

Standing and
sitting lateral
lumbo-pelvic
radiographs

Femur first technique (combined
anteversion concept)
Cup orientation defined after
consideration of femoral neck
anteversion and lumbo-pelvic
sagittal kinematics
Mini-posterior approach
Computed assisted navigation

160 THAs (151)
3  months to 1-year
follow-up

3 dislocations
within the first two
months after
surgery

From 17.2◦ to 20.7◦ From 39.3◦ to 44.3◦ 90%

Spencer-Gardner
et  al. [43]

Prospective cohort Standing, sitting,
flexed seated, and
step-up lateral
lumbo-pelvic
radiographs
Low-dose pelvis CT
scan

Acetabulum first technique
Cup orientation defined by
computation after considering
acetabular anatomy and
lumbo-pelvic sagittal kinematics
Stem: anatomic alignment
Posterior approach
OPSTM navigation (for cup) and
personalized cutting guide (for
stem)

100 consecutive
patients follow-up
not reported

No dislocation 25.1◦ (9.6◦ to 36.3◦) 41.8◦ (29.6◦ to
58.1◦)

Not reported

Kinematic Aligned
patients from the
current study

Retrospective
case-control study
with prospectively
collected data

Standing and
sitting lateral
lumbo-pelvic
radiographs

Acetabulum first technique
Cup orientation adjusted relative to
native anatomy to account for the
individual spine-hip relationship
Stem: anatomic alignment
Mini-posterior or direct anterior
approach, depending on the
individual spine-hip relationship.
Manual instrumentation

41 consecutive
unselected
KA-THAs (41)
1 year follow up

Mean OHS 43.1
Mean patient
satisfaction
95.4/100
No complication
(dislocation,
reoperation)

21.6◦ ± 7.5◦

(11◦ to 38◦)
40.6◦ ± 5.9◦ (25◦ to
52◦)

65%

OPS: Optimized Positioning System, OHS: Oxford hip Score, THA: Total Hip Arthroplasty.
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ur KA patients closely resembles that of THAs performed with the
ptimised Positioning SystemTM [43]; this technological tool also
ims to anatomically position and kinematically align the acetabu-
ar component. The higher anteversion of KA cups may be explained
y (1) the native acetabular anteversion (strictly followed for 24/34
71%) KA patients) being higher overall than the amount of cup
nteversion recommended with the MA  technique [45,46], and (2)
he fact that a lateral Hardinge approach has been performed in
2/34 (34%) of MA  patients, thus potentially inciting the surgeons
o voluntarily reduce the anteversion in the cup. Of note, this higher
nteversion is unlikely to be the consequence of the kinematic cup
djustment we made for 10 KA patients, as the majority of those
djustments (6/10) were a reduction of the cup anteversion rel-
tive to the TAL. Nonetheless, trying to interpret the higher KA
up anteversion is probably not relevant, as the static supine cup
rientation predicts neither the functionality of the cup orienta-
ion [2,6,19,21,24,26] nor the dynamic femoro-acetabular interplay
20,21], both being the main determinants in understanding the
linically sound functional components’ interaction occurring dur-
ng DALs.

We found similar clinical outcomes between the KA and MA
echniques. With no aseptic complications, and high satisfaction
nd hip function, the early clinical outcomes of KA-THA can be
onsidered to be excellent, and not inferior to those of the conven-
ional gold standard MA-THA. The absence of prosthetic instability
n either group raises the point that early prosthetic instability is
ecoming a rare complication with modern implants and expert
urgeons. However, as some residual prosthetic instabilities are
nown to be the consequence of poor lumbo-pelvic kinematics
21,25,26,47,48], kinematically aligning hip components to com-
ensate for poor SHR/lumbo-pelvic kinematics is likely to be a
ound option for further improving prosthetic stability. In order
o optimize prosthetic stability, KA patients had, in addition to
inematically aligned components, their cup design and surgical
pproach selected to adapt to their SHR/lumbo-pelvic kinematics;
his defines the concept of “À La Carte” joint replacement. To illus-
rate, elderly patients with severe degenerated spines (SHR D) had a
ual mobility cup implanted through a posterior approach in order
o respect the integrity of anterior hip soft tissue and to release
he frequently retracted posterior capsule. In contrast, generally
ounger type B patients were more likely to receive a 36 mm bear-
ng diameter through a direct anterior approach that would respect
he integrity of the posterior hip soft tissue.

It is important to acknowledge a few limitations of our methods
hat may  affect the generalisation of our results. (1) Our study
esign to compare KA and MA  techniques was suboptimal as it was
ot a randomized controlled trial, population samples were small,
nd various implants/approaches were used between the KA and
A groups. By respectively generating selection bias, increasing the

isk of statistical error type 2, and confusion bias, this suboptimal
tudy design may  therefore affect the quality of our conclusions.
owever, the data from this audit is likely to be accurate as collec-

ion was prospective, and by waiting for higher levels of evidence
ur study provides a first insight (pilot study) into the value of the
A technique for THA. Additionally, performing KA implantation
ith the use of a variety of implants and approaches is sound
hen considering the concept of “À La Carte” (or personalised)

oint replacement, where implant design, approach, and implant
rientation are individually defined based on the patient age, level
f demand, and SHR. (2) We  used the OHS to compare functional
utcomes between KA and MA  patients, which is known to be
uboptimal. The OHS is limited by a ceiling effect, which has been

onfirmed in our study with 80% and 75% of KA and MA  patients,
espectively, having reached the top 85% of the score. The OHS is
herefore not suitable to distinguish between good and excellent
rocedures, and this may  have prevented us capturing small
 Surgery & Research 105 (2019) 895–905

functional performance differences between KA and MA patients.
(3) With only 1 year of follow-up, our study did not allow us to
assess the mid  to long-term clinical value of KA-THA. The excellent
clinical outcomes observed for the KA patients only confirm the
early safety of this implantation and longer follow-up is required.
(4) Our radiographic study in the supine position was suboptimal
to perform complete assessment of the quality of the KA and MA
implantations (cup and stem) as bi-dimensional images provide
poor insight to the quality of the tri-dimensional reconstruction,
and additionally the pelvic position when supine is often altered
by tri-dimensional spine deformities. This explains why the stem
anteversion was  not measured. A tri-dimensional imaging tool,
if not standing post-operative radiograph, would have generated
more accurate data, but unfortunately was not possible for this
audit. (5) As some asymmetry may  exist between the native hips of
an individual [49], the fact we used the contralateral healthy hip as
a reference to radiographically assess the quality of the prosthetic
hip biomechanics in some cases may have affected the quality of
our results. However, this limitation is likely to be negligible, as
native hip asymmetry has been shown to mainly affect the femoral
neck anteversion, which has not been measured in our study.

6. Conclusion

The KA technique for THA has been demonstrated to be safe,
efficacious, and not inferior to the conventional MA  technique at
early-term. As the concept of the KA technique for THA is only at
an early stage, its influence on mid  to long-term clinical outcomes
remains to be determined and further refinements of the concept
are yet to be made.
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