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Abstract

The pelvis is a rotating modulator connecting the spine and lower limbs; it helps the
body to maintain a vertical position. Pelvic incidence (PI) is fundamental, constant, and
unique for each individual measure defined as the angle between the line perpendicu-
lar to the sacral plate at its midpoint, and the line connecting this point to the axis of the
femoral heads. It regulates spinal curvature and has consequently become an important
factor in spinal surgery. It also determines a person’s ability to tilt the pelvis into retrover-
sion, which is needed to help compensate for sagittal spinopelvic malalignment in spinal
deformities or ageing. When tilting backward and forward, the pelvis rotates around the
femoral heads.

Both spinal and hip disorders are common, and they often coexist. Descriptive
imaging is essential when specific disorders of the spine and hip are being diagnosed or
treated surgically. Previously performed hip replacement is a common condition among
patients with a spinal deformity or other spinal disease. Thus a reliable measurement
of spino-pelvic alignment is necessary even when a femoral head has been replaced. In
addition, disorders of the hip and spine are sometimes related, and, therefore, under-
standing the complexity and connections of this spinopelvic unit is a widespread clini-
cal challenge.

The aims of this thesis were 1) to investigate whether pelvic incidence is associ-
ated with the wear of hip implants in the studied sample; 2) to determine if the radio-
graphic measurement of spinopelvic parameters after hip replacement overall (and the
implant position of metal-on-metal hip implants in particular) is reliable; and 3) to eval-
uate the previous evidence on the connection between pelvic incidence and hip disor-
ders in general. The study was based on data collected from 101 patients who underwent
large-diameter-head, metal-on-metal hip arthroplasty. A systematic review, along with a
quantitative analysis of the literature on the topic, was conducted.

In this study, no evidence was found that pelvic incidence is associated with metal
wear after metal-on-metal hip replacement. The plain radiograph assessment of the posi-
tion of the total metal-on-metal acetabular component and the spinopelvic parameters
was found to be reliable. Hip replacement did not weaken the interpretation of spinopel-
vic alignment. In addition, pelvic incidence and hip osteoarthrosis seemed to be unre-
lated. A possible connection between the low pelvic incidence and femoroacetabular
impingement observed in this study should be taken into account when clinical deci-
sions are made in spinal and hip surgery.

Keywords: Pelvic incidence, spinopelvic alignment, hip disorders, metal-on-metal hip
replacement
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Tiivistelma

Lantio on liikkuva vilikappale selkidrangan ja alaraajojen valilla ja osallistuu ihmiselle
tyypillisen pystyasennon yllapitdmiseen. Lantion kiintokulma on yksiléllinen ja muut-
tumaton mitta, joka ohjaa selkdrangan muotoa. Lantion kiintokulma ohjaa useita sel-
kékirurgisia ratkaisuja. Rangan muodon lisdksi lantion kiintokulma ratkaisee yksilon
kyvyn kiertdd lantiota etu-takasuunnassa. Tdmi kiertoliike tapahtuu lonkkanivelissa.
Sitd tarvitaan pystyssd pysymiseksi ja ihmisen ikddntyessd seldn virheasentoon johta-
vissa tiloissa.

Seldn ja lonkan sairaudet ovat vdestossa tavallisia ja esiintyvét usein yhtaikaa. Seldn
sairauksien tarkempi diagnostiikka ja kirurginen hoito edellyttavit riittdvin tarkkaa sel-
ké-lantio -linjauksen kuvantamista. On tavallista, ettd selkdpotilaalla on jo ennestddn
lonkan tekonivel, ja siksi selkdrangan asennon mittaamisen tulee onnistua myos poti-
lailla, joilla lonkkanivel on korvattu tekonivelelld. Varsin usein selkdsairaus ja lonkan
sairaus liittyvét suoraan toisiinsa. Kliinisessé ty0ssa téllaisen yhteyden hahmottaminen
voi olla vaikeaa.

Téssa tutkimuksessa selvitettiin, onko lantion kiintokulmalla yhteytta lonkan sai-
rauksiin. Arvioitiin esimerkiksi, voisiko lantion kiintokulma vaikuttaa lonkan asentoa ja
liikettd méddrdavand mittana myos lonkan tekonivelestd vapautuvaan kulumisjatteeseen.
Toisena tutkimuksen tarkoituksena oli arvioida selkd-lantio -linjausta kuvaavien maa-
reiden mittauksen luotettavuutta tekonivelleikatuilla potilailla, ja lonkan metalli-metalli
-liukupintaisen tekonivelen kupin asennon mittauksen toistettavuutta tavanomaisesta
rontgenkuvasta. Tutkimus perustuu 101 tekonivelpotilaan aineistoon, sekd systemaatti-
seen kirjallisuuskatsaukseen ja siitd tehtyyn analyysiin.

Lantion kiintokulman ja metalli-metalli-liukupintaisen lonkan tekonivelen kulu-
mismuuttujilla ei havaittu olevan yhteyttd, ei mydskéan lantion kiintokulman ja lonkan
nivelrikon vililld. Havaittiin, ettd pienen kiintokulman ja ahdas lonkka —oireyhtyméin
vililla saattaa olla yhteys. Yhteyden tunnistaminen voi jatkossa vaikuttaa myds kliini-
seen paitoksentekoon lonkka- ja selkdkirurgiassa. Osoittautui, ettd lonkan metalli-me-
talli ~liukupintaisen tekonivelen kupin asennon mittaaminen rontgenkuvasta on tarkasti
toistettavissa. Selkd-lantio -linjauksen méadreiden mittaaminen osoittautui luotettavaksi
my0s potilailla, joilla oman lonkkanivelen tilalla oli tekonivel. Lonkan tekonivelen ei
siten voida katsoa heikentavin selkd-lantio-linjauksen arvioimista rontgenkuvista.

Avainsanat: Lantion kiintokulma, selki-lantio -linjaus, lonkan sairaudet,
metalli-metalli-tekonivel
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1. Introduction

Low back pain and ischial pain are common symptoms that rarely require radiologi-
cal imaging. However, before specific disorders of the spine or hip can be diagnosed
and surgically treated, an accurate and descriptive imaging of both the nerve tissue
and skeleton is essential.

In the assessment of spinal alignment and the consideration of operative treat-
ment for a degenerative spine, a standing lateral radiograph is the golden standard.
The standing image shows the morphology and alignment of the spine in a state of
load in an erect position, during which spinal symptoms usually appear. Imaging of
higher technology, such as computer tomography and magnetic resonance imaging,
are required for diagnostic imaging of, for example, disc pathology, nerve compres-
sions and tumors, but they do not replace the image of a loaded posture.

In the assessment of the degree of malposition of the spine, the Cobb angle meas-
urement has been used for decades. The Cobb angle (Cobb 1948) measures the
degree of the most tilted vertebras in the coronal plane in coronal Cobb measure-
ment radiographs. Adult scoliosis is defined as a coronal Cobb measurement of >10
degrees. The common forms include adult idiopathic scoliosis and de novo adult
degenerative scoliosis (York and Kim 2017). The prevalence of degenerative scoliosis
increases with age and has been reported to be 8.85% for patients over 40 years of age
(Kebaish et al. 2011) and even 68% for a healthy adult population with an increasing
prevalence with age (Schwab et al. 2005).

Such spinal coronal parameters as the Cobb angle do not take into consider-
ation the three-dimensional aspect of the spine, and they actually have no signif-
icant correlation with quality of life or clinical outcome measures (Schwab et al.
2006, Lafage et al. 2009). Instead, spinal sagittal malalignment increases disability
(Lafage et al. 2009), and pelvic retroversion of >20 degrees can be considered a sign
of malalignment.

In 1998, Jean Legaye and Duval-Beaupere (1998) proposed a fundamental pelvic
parameter, the pelvic incidence (PI), which regulates the spinal curvature. Since then,
the assessment of spinopelvic alignment and sagittal measures have become increas-
ingly important in determining the treatment and prognosis of structural and degen-
erative spinal deformities (Mac-Thiong et al. 2004, Barrey et al. 2007, Chaleat-Valayer
et al. 2011, Wang et al. 2014). The ideal correction of spinal deformities and the
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restoration of unique lumbar lordosis (LL) are based on individual pelvic anatomy
(Bae et al. 2012).

In addition the prevalence of symptomatic hip osteoarthrosis (OA) increases
during ageing (Heliovaara et al. 1993) and reaches 20% in the aged population
(Arokoski et al. 2007). Sometimes OA have predisposing anatomical features (Yrjonen
1992, Jacobsen and Sonne-Holm 2005). Inevitably, there is somewhat overlapping
with patients suffering from a spinal deformity or hip disorders. The pelvis is a rotat-
ing modulator that connects the spine and lower limbs and helps a person to main-
tain an erect position without falling (Legaye et al. 1998). While rotating forward
and backward, the pelvis rotates around the femoral heads. Previous studies have
shown that acetabular inclination and anteversion depend on the position and tilt of
the pelvis (Siebenrock et al. 2003, Zilber et al. 2004, Aubry et al. 2005). It is possible
that a given pelvic morphology and the alignment of the spinopelvic unit may inde-
pendently affect the development and treatment possibilities of specific disorders of
the hip joint. There are differences in pelvis positioning between healthy and osteo-
arthritic hips (Bendaya et al. 2015), but it is not clear whether they follow degenera-
tive changes over time or depend on individual anatomy.

It has been suggested that spinopelvic measures may be of help also when deci-
sions are made about hip surgery (Hellman et al. 2013, Radcliff et al. 2014). They may
affect the planning and performance of a hip replacement, as well as play a role in
predicting the outcome of surgery. Philippo and colleagues (2009) suggested that the
positioning of the acetabular component of a total hip arthroplasty (THA) should be
adjusted to the variations of the spinopelvic unit. For example, patients with spinopel-
vic malalignment have an increased pelvic tilt (PT) and a high prevalence of exces-
sively anteverted acetabular components of THA (Buckland et al. 2015, DelSole et
al. 2016). The correction of a spinal deformity with the use of extensive techniques
like osteotomies results in a significant change in the position of the THA acetabular
component in the sagittal plane (Buckland et al. 2015, Barry et al. 2017).

Hip replacement is common among patients examined for spinal deformity or
disease, and it is necessary that the measurement of spino-pelvic alignment is reli-
able even if the femoral head has been replaced by arthroplasty. THAs with met-
al-on-metal (MoM) surfaces were widely used in the past few years, but they were
abandoned because of problems - particularly adverse soft tissue reactions - associ-
ated with the metal wear of the components. The amount of metal wear, measured in
the form of chromium (Cr) and cobalt (Co) ions, can be determined from the blood
and used as an indicator of a hip implant’s wear (De Smet et al. 2008, Sidaginamale
et al. 2013). In addition to ions, radiological imaging is used in the screening and
assessment of complications connected with MoM THAs. Radiological imaging of a
MoM THA can be challenging (Hart et al. 2009), as metal appears as one bloc in the
X-ray, and distinguishing the interface between the components (femoral head, taper
adapter and cup) is difficult.

11



The aim of this thesis was to systematically analyze the relationship between
pelvic incidence (PI) and hip disorders. Another objective was to investigate whether
PI is such a determining modifier of the pelvic and acetabular position and move-
ment that the degree of PI reflects the wear rates of hip arthroplasty. One objective
was to evaluate the reliability of measuring spinopelvic parameters among patients
with hip arthroplasty, as well as the reliability of measuring the MoM THA position
in radiographs.

12



2. Review of the literature

2.1. Spinopelvic organization

2.1.1. Pelvic Incidence

Pelvic incidence (PI) is an anatomical measure that is unique to each individual. It was
first proposed for use by the French Ginette Duval-Beaupeére and Belgian Jean Legaye
(1998). While the connection between pelvic orientation and sagittal spinal balance
had been recognized earlier (Duval-Beaupere et al. 1992)///// , Duval-Beaupére and
Legaye proposed PI as the key factor in this regulation. They defined it as the angle
between the line perpendicular to the sacral plate at its midpoint and the line con-
necting this point to the center of the axis of the femoral heads (Figure 1). In meas-
uring PI, both X-ray and a new low-dose imaging system called EOS (EOS imaging,
Paris, France) has been found to be reliable (Lazennec et al. 2011).

PI PI

Figure 1a. Low pelvic incidence (PI). Figure 1b. High pelvic incidence (PI).
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PI stabilizes around 10 years of age (Mangione et al. 1997) and varies widely from
33 to 85 degrees (Vaz et al. 2002). Reports on the average PI vary, being estimated to
average 51.7 for healthy adults (Vaz et al. 2002), but normative values for PI do not
exist, as the variability is comparatively high even for normal subjects (Vrtovec et al.
2012). There is also variation between ethnic backgrounds; for example, the Chinese
have been found to have significantly lower PIs than Caucasians (Zhu et al. 2014). PI
is considered to be constant and independent of the position of the pelvis. In addi-
tion the mobility of the sacroiliac joint is considered to be negligible (Legaye et al.
1998). The PI of adults can be altered only operatively by a posterior sacral subtrac-
tion or an anterior addition osteotomy (Bodin & Roussouly 2015), which may be
required in cases of extensive lumbar kyphotic deformities when the individual PI is
excessive. Theoretically, a sacral fracture, and following a union in malposition, may
also alter the PI.

When tilting forward and backward, the pelvis rotates around the femoral heads.
The larger the PI, the wider the amount of backward pelvic rotation is theoretically
available (Roussouly & Pinheiro-Franco 2011), and, consequently, PI affects the
capacity of the rotation of the pelvis around the femoral heads (Barrey et al. 2013).

In spinal surgery, PI is the measure that defines the original sagittal shape of the
spine in the case of a developed deformity since PI is associated with the original LL
(Legaye et al. 1998). There are indications of a predisposition towards a low or high
PI in specific spinal disorders as well (Aono et al. 2010, Chaleat-Valayer et al. 2011,
Jentzsch et al. 2013).

2.1.2. Pelvic tilt, sacral slope and lumbar lordosis

Legaye and coworkers (1998) defined pelvic tilt (PT) as the angle between the line
connecting the midpoint of the sacral plate to the femoral head axis and the vertical
line. Sacral slope (SS) was defined as the angle between the superior plate of S1 and
a horizontal line. These two measures reflect the sagittal orientation of the pelvis.
A vertical sacral endplate leads to high SS value, while a horizontal sacral endplate
leads to low SS value. PT and SS complement each other, and their sum reveals the PI
(pelvic incidence = pelvic tilt + sacral slope) (Figure 2).

When a person is in a sitting position, the pelvic tilt is an average of 22 degrees
higher than when he or she is in a standing position. The sacral slope varies in reverse
order and decreases from the standing to the sitting position (Philippot et al. 2009).
A similar change in these measures has been observed also after THA (Ochi et al.
2016). Lumbosacral fusion reduces pelvic motion and renders pelvic tilting impossi-
ble (Lazennec et al. 2013).

THA has not been found to change the amount of PT (Blondel et al. 2009, Masq-
uefa et al. 2015). Theoretically, the THA of a restricted hip should allow more hip

14
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Figure 2. Pelvic incidence (PI) = pelvic tilt (PT) + sacral slope (SS).

-

extension and pelvic retroversion. This phenomenon has been reported only for
patients with ankylosing spondylitis (Gao et al. 2015). However, increasing lumbar
lordosis by 30 degrees with the use of spinal osteotomies after THA decreases the PT
(Buckland et al. 2015).

Lumbar lordosis (LL) refers to the curvature of the spine, starting from the end-
plate of S1 and ending at the point of inflection between the lumbar and thoracic
curvatures (Roussouly et al. 2003). The length of LL varies greatly, the proximal limit
being higher or lower than the anatomical limit between the lowest thoracic and
uppermost lumbar vertebras (Roussouly & Pinhei-
ro-Franco 2011). However, in most cases, major part
of LL occurs between the L4-L5 and S1 vertebras
(Roussouly et al. 2005) (Figure 3).

Lumbar lordosis is not found in other species,
and the curves of the human spine allow humans to
be in a perpetually erect position (Roussouly & Pin-
heiro-Franco 2011).

Legaye and coworkers (1998) originally observed
that a low PI is associated with low LL. Later, the
connection between PI and LL was demonstrated in
several studies, and some mathematic relationships
have been proposed (Legaye & Duval-Beaupére 2005,

Le Huec & Hasegawa 2016). Schwab and coworkers
(2009) have provided a widely used estimation (LL
= PI + 9°). Estimating the adequate lordosis utiliz-

ing these estimations is an everyday routine for spine
surgeons. Figure 3. Lumbar lordosis.
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Figure 4a. Normal sagittal Figure 4b. Positive sagittal
vertebra axis (SVA) 0 mm. vertebra axis (SVA).

2.1.3. Spinopelvic balance

Human bipedalism indisputably involves many advantages, but the ability to stay
upright while economically running, carrying, or standing also requires a smooth
interaction of the whole musculoskeletal system. The pelvis is the point where mobile
lower limbs join the spine, therefore supporting the trunk.

Global spinal balance is achieved as a result of an optimal lordotic positioning
of the spine above a correctly oriented pelvis (Legaye et al. 1998). The shape of the
spine is oriented by the PI (Roussouly & Pinheiro-Franco 2011). The balance can be

16



considered to be like that of an open chair, where the shape and orientation of each
segment that links the head to the pelvis are related (Berthonnaud et al. 2005). The PI
is the only fixed spinopelvic parameter, and SS, PT and LL can be converted to main-
tain the body’s balance. Furthermore, in cases of spinal deformity, a constant PI is the
only signature which determines the original shape of the spine (Roussouly & Pin-
heiro-Franco 2011).

The sagittal vertebral axis (SVA) is the distance of a plumb line drawn from the
middle of the body of C7 and the posterosuperior corner of S1 (figures 4a and 4b). For
adults, the mean SVA is 0.5 cm (SD+2.5 cm), and an offset greater than 2.5 cm is consid-
ered out of the normal range (Jackson & McManus 1994). Adolescents, however, tend
to stand in a more negative sagittal balance (Vedantam et al. 1998). With ageing, the
spine inclines anteriorly, and the SVA increases. Simultaneously, a posterior pelvic shift
in relation to the feet is observed (Schwab et al. 2006). The pelvis permits the mainte-
nance of the gravity line, as the pelvis can be used as a regulator of balance because of
its potential to vary tilt and anteroposterior translation (Lafage et al. 2008). Theoreti-
cally, the maximum value of PT is equal to PI, and the personal ability to turn the pelvis
to retroversion (increasing the PT) is limited by the PI.

Sagittal malalignment causes pain and dysfunction (Glassman et al. 2005). Lafage
et al. (2009) demonstrated that a high positive SVA correlates with increasing disa-
bility, as measured by the spine-related Oswestry Disability Index. To compensate for
sagittal malalignment, patients develop several mechanisms, such as hip extension,
knee flexion, and increasing PT (Lazennec et al. 2013). High PT values express com-
pensatory pelvis retroversion for sagittal malalignment (Lafage et al. 2009).

Eyvazov and coworkers (2016) did not note a significant change in sagittal
balance after the performance of THA, whereas Weng et al. (2016) reported improve-
ment in global sagittal balance. The effect of a THA on global sagittal alignment is
controversial, although Ochi and coworkers (2017) recently suggested that balance
may improve after THA in cases when the pelvis is preoperatively in anteversion, as
this state indicates a residual compensatory ability.

2.1.4. Acetabular orientation

The acetabulum is a concave cavity of pelvis that forms the hip joint together with
the femoral head. The orientation of the acetabulum can be described in numerous
planes in anatomical, radiological and operative assessments (Murray 1993).
Anatomic anteversion is referred as the angle between the transverse axis and
the acetabular axis in the transverse plane. Radiographic or planar anteversion is
referred as the angle between the coronal plane and the acetabular axis (Murray
1993). Assessment of radiographic anteversion is significantly affected by position-
ing of the patient and pelvic tilt (Tannast et al. 2005, Haenle et al. 2007), and several
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PT
-
Figure 5a. Pelvic tilt (PT) and acetabular Figure 5b. Pelvic tit (PT) and acetabular
anteversion (AA) in standing position. anteversion (AA) in sitting position.

two- and three-dimensional methods to assess the true anteversion have been pre-
sented (Nunley et al. 2011, Barbier et al. 2014, Jozwiak et al. 2015). Radiographic
inclination is referred as the angle between the acetabular axis, which is projected
to coronal plane, and longitudinal axis (Lewinnek et al. 1978). Posture of the patient
affects also to the assessment of inclination; leg length discrepancy and pelvic oblig-
uity are associated with changes in inclination (Tiberi et al. 2015).

The acetabulum in asymptomatic population is anteverted around twenty degrees
(Hildebrand et al. 2012). Traditionally, to avoid dislocations of THA, safe zone for
acetabular component positioning has been reported to be 5°-25° for anteversion
and 30°-50° for inclination (Lewinnek et al. 1978). However, physiological pelvic tilt
varies between patients and by patient position (Figure 5), and tilting of pelvis simul-
taneously increases or decreases the acetabular anteversion (Henebry and Gaskill
2013). From standing to sitting, sacrum tilts posteriorly while acetabulum anteverts
(Lum et al. 2018).

Patients who are unbalanced in a spinopelvic point of view, have an increased PT
and consequently an increased acetabular anteversion. Rigid patients, for example
patients with ancylosing spondylitis (AS) or prior lumbosacral fusion, lack the ability
to compensate with PT, and acetabular anteversion will not increase even when
sitting (Phan et al. 2015). Due to the risk for impingement and dislocation asso-
ciated with these conditions, Stefl and coworkers (2017) have recently proposed a
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recommendation for customizing acetabular component of THA according to the
patient s capability to spinopelvic motion.

2.2. Hip—spine syndrome

The prevalence of low back pain approaches 35%-40 % in the Finnish population, and
the prevalence of symptomatic hip OA increases with age and reaches 20% in an aged
population (Arokoski et al. 2007). Most disorders related to the spine and hip OA are
part of the same degenerative process of man, and they often coexist. Sometimes spinal
and hip disorders are related. Although orthopedic surgeons are educated to direct
management at the primary pain generator, finding the proper offender may some-
times be complicated with the so-called hip-spine syndrome (Devin et al. 2012).

The relation between hip and spine disorders was first recognized by Offierski &
MacNab (1983). They rated the syndrome “simple” when the pain referred to one or
the other (hip or spine) location and “complex” when the pathology referred to both
locations. The hip-spine syndrome was rated “secondary” in cases in which hip OA
resulted in a fixed deformity followed by lumbar malposition. The description of the
syndrome was based on the improvement of low back pain after treatment for hip
OA. Later on, several reports on the facilitation of low back pain symptoms after total
hip replacement have been published (Ben-Galim et al. 2007, Eyvazov et al. 2016).

It has been estimated that 25%-100% of the patients who undergo total hip
arthroplasty (THA) for hip arthrosis have reported low back pain (Ben-Galim et al.
2007, Parvizi et al. 2010, Hsieh et al. 2012). After surgical intervention with THA,
low back pain quiets down in as many as two-thirds of the patients, including also
patients with a known spinal disorder (Parvizi et al. 2010, Chimenti et al. 2016). The
reverse process is also possible in that one-tenth of all patients without prior low back
pain may develop it after total hip replacement. For half of these patients the pain
can be connected to a previously unrecognized spinal disorder. One explanation may
be the improved walking ability, which leads to pronounced claudication symptoms
(Parvizi et al. 2010).

Not only the elderly or patients suffering degenerative hip disorders have over-
lapping hip and spine symptoms. Also in younger patient cohorts of symptomatic
femoroacetabular impingement (FAI), pain in the low back or buttocks is relatively
common (Clohisy et al. 2009).

An understanding of the precise mechanisms related to hip and spinal disorders
is lacking. Dynamic changes in the PT influence the orientation of the acetabulum -
anterior tilt decreases and posterior tilt increases the acetabular version (Ross et al.
2014). Legaye (2009) recommended that attention should be paid to altered acetab-
ular orientation as a result of pelvic malrotation in spinal disorders when perform-
ing total hip replacement. A malpositioned acetabulum component may lead to an
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increased risk of complications, such as dislocations. Lazennec and coworkers (2011)
stated that the adaptation to the imbalance induced by disorders of the lower limbs or
spine is individual and requires a comprehensive interpretation of the entire complex
comprising the spine, pelvis, and femur. Patients undergoing THA after long spinal
fusion are at an increased risk of later prosthetic-related complications, - disloca-
tions, mechanical loosening, periprosthetic fracture, and infection - and the inter-
action of thespinopelvic unit and hip joints offers a practical explanation (Sing et al.
2016). Sing and coworkers (2016) analyzed a database of more than 800 000 patients
with THA and found that 2% of the patients had undergone a previous spinal fusion.
The risk of dislocations after THA may be increased if the PT is high, as a PT of
>20 degrees may predispose a person to anterior dislocation (Sato et al. 2013). Fur-
thermore, patients with pre- and postoperative spinopelvic imbalance have poorer
clinical outcomes, as measured with the Harris Hip Score after THA, than balanced
patients do (Ochi et al. 2017).

2.3. Spinopelvic complex and hip disorders

Primary hip OA is a disease of the articulation, modified by several factors related to
age, genetics and gender. Both aberrant cartilage or loading might generate a series of
biological and inflammatory events conducting in thinning and damage of the artic-
ular cartilage (Arokoski & Kiviranta 2012). By contrast, secondary OA occurs by a
specific etiology (Dzaja & Syed 2015). It has been suggested that a higher PI may con-
tribute to the development of hip OA, as individuals with an increased PI tend to lose
the anterior covering of the acetabulum due to excessive PT with ageing (Yoshimoto
etal. 2005). It has also been suggested that PI could be a predictive factor for acetabu-
lar orientation. Boulay and coworkers (2014) discovered acetabular asymmetry (pro-
nounced inclination and anteversion) on the left side when the PI was small and on
the right side when the PI was large.

Gebhart and coworkers (2016) noted a significant correlation between an
increased PI and the presence of hip OA when examining cadaver hips. The oppo-
site observation was made by Raphael and coworkers (2016) on the basis of only
radiological findings of OA in computer tomography. Weng and coworkers (2016)
found no difference in the sagittal morphology of the pelvis for patients with severe
hip OA when compared with asymptomatic controls, although the primary and sec-
ondary OA patients were not separated. Yoshimoto and coworkers (2005) suggested
that a higher PI among young people may contribute to the development of OA, as
they found higher PIs for OA patients than for patients with low back pain. Later,
Chaléat-Valayer and coworkers (2011) reported lower PIs for patients with low back
pain, and, therefore, it is possible that patients with low back pain as a control group
formed a misleading reference group to start with.
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Developmental dysplasia of hip (DDH) is a prevalent developmental hip disor-
der, which represents a variety of hip abnormalities from minor insufficient acetab-
ular coverage (dysplasia) to total dislocation of the hip joint (Alsaleem et al. 2015).
DDH is significantly associated with radiological development of hip OA (Jacobsen
& Sonne-Holm 2005), and is an important etiological factor of premature OA result-
ing in total hip replacement (Engesater et al. 2011). Variation in acetabular mor-
phology of DDH is wide. The diameter of the native acetabulum is often small, and
bony architecture can be deficient (Greber et al. 2017). Furthermore, acetabular ante-
version have been associated with DDH (Yang et al. 2017). Tiziani and coworkers
(2015) noticed a connection between acetabular retroversion and low value of PI. On
the contrary, no significant correlations linking PI to the acetabular orientation was
found in the recent radiological analysis of Sautet and coworkers (2018).

Femoroacetabular impingement (FAI) is a disorder characterized by an abnor-
mal morphology of either the proximal femur or the acetabulum or both, leading to an
abnormal contact of the hip joint during motion (Ito et al. 2001, Ganz et al. 2003). In
cam-FAI an abnormal femoral head with an increasing radius is squeezed under the ace-
tabulum rim during motion (Ito et al. 2001), whereas pincer-FAI is a result of a linear
impact of the acetabulum rim against the head—neck junction in over coverage of the
acetabulum (Ganz et al. 2003, Ganz et al. 2008) (Figure 6). Most FAI hips show a mixed
pattern (Ganz et al. 2008). All of the rep-
resented forms of FAI can cause damage

to cartilage or the labrum, leading to sec-
ondary hip OA (Beck et al. 2005).
There are few reports on low Pls for C\
FAI patients. It has been suggested that
a diminished PT, in individuals with a
low PI, may result in over-coverage of

the acetabulum and lead to the devel-
opment of impingement (Gebhart et
al. 2014). Morris and coworkers (2016) Figure 6a. Cam-femoroacetabular impingement (FAI).
evaluated cadavers with a very low PI
(<35 degrees) and identified cam-FAI

morphology in 47% of the examined
hips. Comparing different subtypes of
FAI, Weinberg and coworkers (2016)
suggested that a decreased PI may
be followed by a mixed-type of FAIL

Pierannunzii (2017) concluded that
patents with pincer and combined FAI
have a significantly lower PI than pure
cam-FAI and healthy controls. They Figure 6b. Pincer-femoroacetabular impingement (FAl).
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suggested that the low PI, as an anatomical feature, reduces the maximum PT avail-
able, and may consequently enhance the femoroacetabular engagement in dynamic
conditions. They also stated that the sagittal pelvic range of movement is a remarka-
ble determinant of whether a cam-FAT hip will be symptomatic or not.

Ankylosing spondylitis (AS) is an inflammatory disease that usually affects sacro-
iliac joints, the spine and the hips. Typically, LL disappears, and the hips tend to fuse.
Especially AS patients with severe spinopelvic malalignment have a potential risk
for THA dislocation (Tang & Chiu 2000). Since a decrease in LL leads to an increase
in PT and an increase in acetabular anteversion in AS patients (Hu et al. 2016), pre-
disposing them to dislocations of THA, Zheng and coworkers (2014) have recom-
mended that the spinal deformity be corrected prior to THA to aid the positioning of
the acetabular component. In addition, Hu and coworkers (2016) found osteotomies
to be an effective way of achieving a normal acetabular anteversion in AS patients.
On the other hand, Gao and coworkers (2015) have reported an improved sagittal
balance after THA in AS patients without spinal osteotomies. In addition, much can
be surgically done, besides spinal osteotomy, to avoid THA dislocations, for example,
in relation to the selection of the implant, the approach and the navigation.

2.4. Total hip arthroplasty

Several factors can result in symptomatic secondary osteoarthrosis; for example oste-
onecrosis of femoral head, DDH, fractures, and posttraumatic conditions, in addition
to primary OA (FAR). In cases of severe hip OA, total hip arthroplasty (THA) is the
treatment of choice (Learmonth et al. 2007). Cemented THA with metal-on-polyeth-
ylene bearing surfaces has been considered as a prototype of modern THA (Charn-
ley 1960). Later, cementless THAs, attaching to bone by ossifying, were standardized
to the treatment of younger patients because of lasting fixation.

Majority of patients with THA do well. However, some patients with THA require
revision surgery later (FAR). In 2017, the most common reasons for a revision opera-
tion were infection, dislocation, periprosthetic fracture, the loosening of the implant,
and adverse reaction to metal debris (FAR). Revision surgery of THAs is both expen-
sive and predisposed to complications, and the outcome for the patient is seldom as
good as after the primary procedure. For a common surgical procedure like THA, it
is crucial that the implants used be of the highest possible quality in order to avoid
unnecessary revisions.

Osteolysis of the pelvic and trochanteric bone and aseptic loosening of the implant
were the classical problems when traditional metal-on-polyethylene bearings were
used in primary THA. Alternative bearing surfaces, like ceramic-on-polyethylene,
ceramic-on-ceramic, and metal-on-metal (MoM), to avoid wear and osteolysis have
been developed.
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2.4.1. Metal-on-metal total hip replacements

The first generation of metal-on-metal (MoM) hips (Schmalzried et al. 1996) failed
in the 1960’ and 70’s mainly because of aseptic loosening. These failures were asso-
ciated with a poor manufacturing process. The next generation of MoM bearings
appeared in the 1980%. They were more spherical, and their surface finishing had
been improved (Mokka 2015), but their head size continued to be small (28 mm).
The main problems were still loosening and dislocation, and survivorship was, at
best, equal that of metal-on-polyethylene THA (Dumbleton & Manley 2005).

The aim of the third MoM generation was to preserve femoral bone, and THAs
with larger heads and thinner acetabular components were produced when hip resur-
facing arthroplasty was introduced in the 1990’s (McMinn et al. 1996), eliminating
the distinct liner between the metal surfaces of the components. The potential ben-
efits of a large-head, MoM hip arthroplasty were a reduced risk of dislocation and
decreased wear of the bearing surfaces (Cuckler et al. 2004). For these reasons, in
addition to better functioning, hip resurfacing arthroplasty and large-diameter-head
MoM THA became extremely popular worldwide in the beginning of the 2000 s. In
Finland, more than 20,000 MoM hip replacements have been performed (FAR).

In any THA, it is advisable that the positioning of the acetabular component follow
anatomical parameters. Standards for cup positioning have been described in several
reports (Lewinnek et al. 1978, Seki et al. 1998). Optimal placement is significant for a
decent clinical outcome, stability, and a sufficient range of movement without impinge-
ment (Lewinnek et al. 1978, Kennedy et al. 1998, Kummer et al. 1999). It has been
found that suboptimal positioning - insufficient or excessive anteversion or too steep
inclination of the acetabular component - may also contribute to the wear rates of MoM
bearings (De Haan et al. 2008, Angadji et al. 2009). Concentrations of chromium (Cr)
and cobalt (Co) ions released from MoM implants have been found to be related to the
position of the acetabular component (Langton et al. 2008). Excess anteversion or ret-
roversion of acetabular component predisposes to edge-loading - the contact between
the femoral and acetabular components at the edge of the acetabular component — and
is associated with MoM-related pseudotumours (Mellon et al. 2015). Metal wear is not
only pertinent with respect to the inside of the hip joint capsule, because ion levels also
increase in serum, blood and internal organs (Hartmann et al. 2013).

Between 2005 and 2012 alarge-diameter-head MoM THA was the most commonly
used THA in the Turku University Hospital, with over 1000 implants being made.
Approximately one million large-diameter-head MoM THAs have been implanted
worldwide (Lombardi et al. 2012). From the outset, there were worries about carcino-
genicity and mutagenicity from exposure to Cr and Co ions (Dumbleton & Manley
2005). Gradually more evidence of intra- and periarticular MoM-bearing-related
complications appeared (Pandit et al. 2008). Typically these soft-tissue wear reac-
tions resulted in pain, swelling and pseudotumors around the hip (Macpherson &
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Figure 7. Metal-on metal (MoM) total hip arthroplasty.

Breusch 2011). These local findings around the hip were called an adverse reaction to
metal debris. It was thought that these tissue reactions were mainly caused by direct
cell toxicity from exposure to Cr and Co ions. The reported failure and revision rates
were high, 15%-39% (Long et al. 2010, Bosker et al. 2012, Reito et al. 2013), and the
use of MoM-THAs was abandoned (MHRA 2012, SAY 2012).

Currently, there are many patients predisposed to potential problems caused by
their MoM THA, and, of necessity, they require systematic screening. Therefore, the
monitoring of patients with MoM THA will continue for long time (Lombardi et
al. 2015). Clinical symptoms, blood ion content and imaging findings are screened.
One of the essential components of the evaluation in the follow-up of MoM patients
is a routine radiograph to detect osteolysis and loosening (Lombardi et al. 2012).
Magnetic resonance imaging is commonly used to detect soft tissue destruction and
pseudotumors. For detecting pseudotumors. also ultrasound has been found to have
good sensitivity (Lainiala et al. 2015). Radiological imaging of a modular metallic
implant may be challenging (Hart et al. 2009), as metal appears as one block in radi-
ographs, and distinguishing the interface between the components (femoral head,
taper adapter and cup) is difficult (Figure 7). Accuracy of measuring the position
of components in radiological images can also vary between the different models of
MoM THAs. In consequence of the supposition that wear of the THA is associated to
the position and motion, and also that the amount of the wear (ions released) can be
measured, MoM THAs were chosen to be studied in this thesis.
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3. Aims of the present study

1. To investigate whether pelvic incidence (PI) is associated with the wear of hip
implants in the studied sample (III),

2. To evaluate the reliability of the radiographic measurement of spinopelvic
parameters and implant position after metal-on-metal (MoM) hip arthroplasty
(IandIV), and

3. To evaluate the previous evidence on the connection between pelvic incidence
(PI) and hip disorders in general (II)
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4.

Patients and methods

4.1. Patients

For studies I, III and IV, data were collected on 101 patients who underwent large-di-
ameter-head, MoM resurfacing (3 patients) or THA (98 patients) in the Turku Uni-
versity Hospital. The patients were recalled for MoM THA screening according to
a register of patients and were consecutively asked for consent to participate in the
study. The data were collected from an electronic patient database of the Hospital.
All of the images and blood tests were taken between April 2014 and February
2015, an average of 50 (SD 20, min 20, max 115, median 41) months after the arthro-
plasty. Altogether 8 of the patients had bilateral MoM arthroplasty. No dislocations
had occurred, and none of the patients needed revision surgery for any other compli-
cation of the arthroplasty. The exclusion criteria and the patients’ demographics are

presented in Figure 8.
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Figure 8. Exclusion criteria and the patients’ demographics.
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4.2. Methods (studies I, Ill and V)

The patients had their lumbar spine and both hips X-rayed from the direction of
right-to-left with the left side against the film cassette, while standing straight and
comfortable with their arms either crossed over their chest or resting on a horizontal
stand. They also underwent anteroposterior radiography of the pelvis while standing
and lateral radiography of the replaced hip. Their chromium (Cr) and cobalt (Co) ion
blood concentrations (ug/l) were measured from the blood tests.

Pelvic incidence (PI) was defined as the angle
between the line perpendicular to the sacral plate
at its midpoint and the line connecting this point
to the center of the axis of the femoral heads
(Figure 9). Sacral slope (SS) was defined as the
angle between the superior plate of the first sacral
vertebra and a horizontal line. Pelvic tilt (PT) was
defined as the angle between the line connect-
ing the midpoint of the superior sacral plate to
the axis of the femoral heads and the vertical
axis. Lumbar lordosis (LL) was measured as the
angle between the superior endplates of the first
lumbar and first sacral vertebras using the Cobb
technique. The center of the replaced hip was
defined similarly with respect to the center of a
non-operated hip. The used Carestream PACS®
imaging software finds the center of the pros-
thetic femoral head digitally after placing a circle
around it. When the replaced hip covered the
sight of the other hip, the center of the femoral Figure 9. Measurement of pelvic

. incidence (PI), pelvic tilt (PT), sacral slope
head was defined as the center of the replaced (gs) ang lumbar lordosis (LL).
hip.

The monoblock press-fit acetabular component of a Recap®-M2a-Magnum
implant is hemispheric and has a shell thickness of 3 mm. When mated with an insert
taper adapter, the modular head is 6 mm smaller than the respective acetabular com-
ponent. The cup and the head of the Recap®-M2a-Magnum articulation are made of
a cobalt-chromium-molybdenum alloy. The stem, taper, and taper adapter of this
implant are made of a titanium-aluminum-vanadium alloy. In this study, the point
of slight change in the radiological contour between the edge of the shell and the
head was considered to be an indicator of the acetabular component rim. The incli-
nation was defined as the direct angle between the line connecting these points and
the horizontal line in the anteroposterior pelvic view (Figure 10a). The anteversion
was defined as the angle between the line connecting these points and the horizontal

seisten
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Figure 10a. Measurement of inclination. Figure 10b. Measurement of anteversion.

line in the lateral view (Figure 10b). All of the measurements were recorded with an
accuracy of 1 degree.

All of the radiographs were assessed using Carestream PACS® imaging software
(Carestream Health, Inc., 2011. Version 11.3 turpacs. Rochester, NY: Onex Corp.).
Earlier, this kind of digital tool has been reported to be reliable when measuring the
total hip implant position (Patel et al. 2011).

4.2.1. Study I

The inclination of the acetabular component was assessed from the pelvis anteropos-
terior radiographs by a radiologist.

A Shapiro-Wilk test was carried out for data normality appropriate for a dataset
smaller than 2000 elements. Therefore, in constructing a regression curve, abnor-
mally distributed data were transformed into lognormal form. The estimates from
normally distributed data were reported as means, standard deviations (SD) and
ranges. Otherwise, the results were reported as medians and ranges. The Pearson
correlation coefficient was used, along with two-tailed p-values (level of significance
set at <0.05). A correlation of >0.70 was considered very strong, 0.40 to 0.69 was
strong, 0.30 to 0.39 was moderate, 0.20 to 0.29 was weak, and 0.01 to 0.19 indicated
no or negligible correlation. All of the calculations were made using IBM® SPSS® Sta-
tistics version 22 (IBM® Corp. Released 2013. IBM® SPSS*® Statistics for Windows 64
bit, Version 22.0. Armonk, NY: IBM® Corp).
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4.2.2. Study |

All of the lumbar spine radiographs were independently assessed by 2 orthopedic
surgeons (observer 1 and observer 2). Observer 1 performed the measurements twice
(approximately 2 months between measurements), and observer 2 did so only once.
The difference and mean scores were calculated for each measurement pair. The
one-sample t-test was used to compare the difference in the scores for each outcome
variable: PI, SS, PT, and LL. The results were reported as 2-tailed p-values. A p-value
of < 0.05 was considered statistically significant, referring to the systematic over-
or underestimation of a measured angle. The 2-way random model intra-class cor-
relation coefficient (ICC) was used to quantify the degree to which an observer’s
(intra-observer reliability) or 2 observers (inter-observer reliability) assessments
resembled each other. The results were reported as single-measure ICCs, describ-
ing how reliable it is to use only 1 observer, and as average-measure ICCs, describing
the reliability of agreement between 2 observers. Cronbach’s alpha was also reported.
Bland-Altman plots were constructed for each outcome variable. The difference
between the 2 measurements per subject was plotted against the mean of the 2 meas-
urements. As suggested previously for samples greater than 60, 95% limits of agree-
ment (95% LA) were calculated by using the following equation: 95% LA = mean
+ 1.96* standard deviation (Bland & Altman 1986). The linear regression model
was used to detect the potential asymmetry of a plot, a proportional bias occurring
when significantly more estimates were observed either above or below the mean
line (reported as a 2-tailed p- value). Spearman’s rank correlation coefficient was cal-
culated for checking the agreement dependency of the mean of the 2 measurements
if the spread of the differences increased with an increasing mean of the observa-
tions. We were especially interested in obtaining the absolute error of the measure-
ments regardless of the direction of the difference. Therefore, all of the difference
estimates were transformed to positive by taking the square root of each squared dif-
ference estimate. Due to this transformation, more observations were grouped close
to a zero difference, and the normal distribution became positively skewed. Thus the
lognormal distribution was calculated using a decimal logarithm. The means and
95% confidence intervals (95% CIs) were calculated for each outcome variable from
the lognormal distribution and then back-transformed into degrees. We accepted
that the 95% ClIs became asymmetrical because of these steps. All of the calcula-
tions were made using IBM® SPSS* Statistics version 22 (IBM® Corp, released in 2013:
IBM® SPSS*® Statistics for Windows 64 bit, Version 22.0. Armonk, NY, IBM® Corp).
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4.2.3. Study IV

The radiographs of the pelvis and the replaced hip were assessed by two independ-
ent researchers; both were orthopedic surgeons. One of the observers repeated the
assessments after 1 week.

The distributions of all the interval variables were tested for normality. The esti-
mates from normally distributed data were reported as means, standard deviations
(SD) and ranges. Otherwise, the results were reported as medians, interquartile ranges
(IQR), and ranges. The results were accompanied by 95% confidence intervals (95%
CIs). The two-way mixed effects model of the ICC was used to quantify the degree
to which the observers’ assessments resembled each other. The results were reported
as single-measure ICCs, describing how reliable it is to use only one observer, and as
average measure ICCs, describing the reliability of agreement between two observ-
ers. The ICC was interpreted as follows: 0 to 0.2 poor agreement, 0.3 to 0.4 fair agree-
ment, 0.5 to 0.6 moderate agreement, 0.7 to 0.8 strong agreement, and >0.8 almost
perfect agreement. Cronbach’s alpha was also reported considering the alpha as
follows: 20.9 excellent, 0.9 to 0.8 good, 0.8 to 0.7 acceptable, 0.7 to 0.6 questionable,
0.6 to 0.5 poor, and < 0.5 unacceptable. Bland Altman plots were constructed for each
outcome measurement pair, plotting the difference between the 2 measurements per
subject against the mean of 2 measurements (Bland & Altman 1986). The ICCs were
calculated using IBM® SPSS*® Statistics, version 22 (IBM® Corp. Released 2013. IBM*®
SPSS® Statistics for Windows 64 bit, Version 22.0. Armonk, NY: IBM® Corp). All of
the other analyses were performed using Stata/IC Statistical Software: Release 14.
College Station (StataCorp LP, TX, USA).

4.3. Methods used in the systematic review and
quantitative analysis (Study Il)

The Cochrane Controlled Trials Register (CENTRAL), MEDLINE (via PubMed),
CINAHL and SCOPUS databases were searched in February 2017. The references of
identified articles and reviews were also checked for relevancy.

The criteria for considering studies for this review were based on the PICO (Popula-
tion, Intervention, Comparison, and Outcome) framework as follows:

o Adults with hip disorders, excluding malignancy and acute trauma.
Observational and clinical studies published in peer-reviewed journals,
excluding theses, conference proceedings, and guidelines. No restrictions
based on the time of publication or language. Abstract available.
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o Intervention not applicable
« Comparison not applicable
« Outcome primary: risk ratios or odds ratios; secondary any outcome

Two independent reviewers screened the titles and abstracts of the articles and
assessed the full texts of potentially relevant studies. Disagreements between the
reviewers were resolved by consensus or by a third reviewer. The methodological
quality of the included trials was not rated. The ultimate goal of the review was to
evaluate the available evidence on the topic quantitatively. Therefore, when data were
extracted, more records were omitted due to an inability to provide the statistics
needed for the analysis or as being subsets of the same study. For example, a study
was excluded if the average figures of the PI were not reported. The data needed for
a quantitative analysis were extracted from the included trials using a standardized
form based on recommendations found in the Cochrane Handbook for Systematic
Reviews of Interventions, 5.1.0 Edition, part 7.6.9 (Cochrane Collaboration).

In the statistical analysis, when not reported, a standard deviation (SD) was cal-
culated from a range as: SD = (Maximum Minimum) 4. The pooled average estimates
(M) of several studies were calculated without weighting the studies according to
their variance. The pooled SDs of several studies were calculated as (‘n’ sample size):
SDpooled = O [(n1-1)*SD12 + (n2-1)*SD22 + ... + (nk-1)*SDk2) (n1 + n2 + ... +
nk k)]. The 95% confidence intervals (95% CI) were calculated as: 95% CI = mean
+1.96 x (SD/On). All of the calculations were made using Microsoft® Excel® 2013.
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5. Results

5.1. The correlation between pelvic incidence and the
blood levels of chromium and cobalt after metal-
on-metal arthroplasty (Study III)

Of the 89 patients in study III, 3 had had MoM resurfacing and 86 had had a MoM
total hip replacement. In addition to the MoM, 15 patients had earlier undergone
other types of hip replacement on the contralateral side.

The mean angle for the PI was 55.8 (SD 11.2, range 35-83) degrees. The respec-
tive figures for the inclination of the acetabular component were 41.5 (SD 7.4, range
22 to 60) degrees. The Cr ion blood level had a median of 1.6 (range 0.7 to 13.6) pg/l.
The respective median value for the Co ion blood concentration was 1.5 (range 0.4
to 29.6) ug/l. No significant correlations were observed between the PI or inclination
angles and the blood levels of the Cr or Co ions (Table 1). There were also no corre-
lations between the metal ion blood levels and the length of follow-up or gender. The
correlation coefficients varied from -0.02 to 0.2, and all of the p-values were >0.05.
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Table 1. Correlation (Pearson r) between metal ion blood levels and pelvic incidence (PI), inclination of the
implant acetabular component, length of follow-up, and gender

Measurement Chromium ion blood concentration Cobalt ion blood concentration
Correlation Correlation
coefficient p-value coefficient p-value
Pl angle -0.02 0.855 0.01 0.929
Inclination angle -0.077 0.474 0.036 0.739
Time from surgery to test -0.031 0.774 0.121 0.260
Gender 0.175 0.10 0.203 0.057

5.2. Intra- and inter-observer reliabilities of measuring
pelvic incidence, sacral slope, pelvic tilt, and
lumbar lordosis in lateral radiographs of the
lumbar spine of standing subjects after hip
arthroplasty (Study I)

Of the 97 patients included in Study I, 90 underwent unilateral arthroplasty, and for
7 the arthroplasty was bilateral. Altogether 17 of those who underwent the unilateral
procedure had undergone some other type of hip replacement in the contralateral
hip. The average scores for PI, SS, PT and LL are presented in Table 2. The intra- and
inter-observer reliability is presented in Table 3.

Table 2. Mean scores and standard deviations (SDs)
for pelvic incidence (PI), sacral slope (SS), pelvic ilt

First assessment by observer 1 (PT) and lumbar lordosis (LL).
PI 55.6 1.0
SS 38.6 9.5
PT 17.2 8.0
LL 535 | 125

Second assessment by observer 1
Pl 54.7 1.0
SS 379 | 100
PT 17.2 8.1
LL 53.7 | 14.0

Assessment by observer 2
Pl 51.9 1.3
SS 35.1 9.9
PT 16.6 8.8
LL 50.8 | 14.9
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Table 3. Intra- and inter-observer reliability of measuring pelvic incidence (Pl), sacral slope (SS), pelvic tilt
(PT), and lumbar lordosis (LL).

Intra-observer reliability Inter-observer reliability

PI SS PT LL PI SS PT LL
Sample size 97 97 97 97 97 97 97 97

Error between observers or observations*
Mean, degrees 1.41 116 | 049 | 1.75 2.82 244 1 0.73 2.28
Lower 95% confidence interval 0.98 0.78 0.31 1.22 2.04 178 | 048 1.55
Upper 95% confidence interval 2.03 174 | 076 | 251 3.9 335 | 113 3.34

Difference between observations or observers**
Mean difference, degrees -0.89 | -0.78 | -0.08 | 0.16 | -3.76 | -3.55 | -0.66 | -2.71
Standard deviation, degrees 3.60 379 | 208 | 410 4.98 422 | 294 5.83
Lower 95% limit of agreement -7.94 | 821 | 416 | -8.20 | -13.52 | -11.82 | -6.42 | -14.14
Higher 95% limit of agreement 6.17 | 6.65| 4.00 | 7.88 6.00 472 | 510 9.72

One-sample t-test, 2-tailed

p-value 0.017 | 0.044 | 0.696 | 0.693 | 0.000 | 0.000 | 0.030 | 0.000

Test for proportional bias,

. 0.930 | 0.175 | 0.712 | 0.000 | 0.571 | 0.291 | 0.013 | 0.040
2-tailed p-value

Intraclass correlation coefficient (ICC)
Single measures ICC 094 | 092 | 097 | 095 0.85 085 | 094 0.88
Lower 95% confidence interval 0.92 089 | 095 | 093 0.57 049 | 091 0.81
Higher 95% confidence interval 0.97 0.95 | 098 | 097 0.93 0.94 | 0.96 0.94
Average measures ICC 0.97 096 | 098 | 0.98 0.92 092 | 097 0.94
Lower 95% confidence interval 0.96 094 | 098 | 096 0.73 0.66 | 0.95 0.89
Higher 95% confidence interval 0.98 097 | 099 | 098 0.97 097 | 098 0.97
Cronbach'’s alpha 097 | 09 | 098 | 098 0.95 0.95 | 097 0.95

Correlation between the mean difference and average scores for each assessed pair

Correlation coefficient
(Spearman’s)

2-tailed p-value 0.624 | 0.086 | 0.757 | 0.880 | 0.541 | 0.738 | 0.013 | 0.001

0.05| 0.18 | -0.03 | 0.02 006 | 0.03| 025 0.33

* Regardless of the direction of the difference between the observations.
** Distinguishing the direction of the difference between the observations.
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5.2.1. Intra-observer reliability

The Bland-Altman plots for intra-observer reliability are presented in Figure 11. For
all 4 measures, the absolute error between 2 observations was less than 2 degrees. The
mean difference was less than 1 degree with the LA varying between 2 to 4 degrees.
For the PI and SS, a p-value of < 0.05 referred to the over- or underestimation of
the measured angles when the 1st and 2nd measurements were compared. For all 4
measures, both the single and average ICC measures showed a perfect correlation
between the repeated measures, the estimates being 0.92 to 0.97, respectively. In the
case of LL, there was a slight proportional bias, with more estimates being placed
below the mean line than above it. For all 4 measures, the correlation between the
mean difference and the average scores of each assessed pair was small and statisti-

cally nonsignificant.
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Figure 11. Bland-Altman plots of intra-observer reliability. (The circles represent paired repeated measures
obtained for 1 observer. The scores of the difference between the paired observations are placed on the Y-axis,
and the mean values of each pair are located on the X-axis. The middle line denotes the mean difference
values. The upper and lower lines denote 95% LA.)
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5.2.2. Inter-observer reliability

Bland-Altman plots for the inter-observer reliability are presented in Figure 12. For
PI, SS and LL, the absolute error was less than 3 degrees. For PT, it was less than 1
degree. The mean difference varied between 3 and 4 degrees for PI, SS and LL, and it
was less than 1 degree for PT. For all 4 measures, the p-value of the t-test was < 0.05
in reference to the over- or underestimation of the angles measured by 2 observers.
For all 4 measures, both the single and average measures ICC showed a very strong
correlation between the observations, the estimates ranging from 0.85 to 0.94. In the
case of the PT and LL, there was a slight proportional bias with more estimates below
the mean line than above it. For all 4 measures, the correlation between the mean dif-
ference and the average scores for each assessed pair was low, being statistically non-
significant for PI and SS and significant for PT and LL.
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Figure 12. Bland-Altman plots of the inter-observer reliability. The circles represent paired measures obtained
by separate observers. The scores of the difference between the paired observations are placed on the
Y-axis, and the mean values of each pair are located on the X-axis. The middle line denotes the mean
difference values. The upper and lower lines denote the 95% LA).
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5.3. Intra- and inter-observer reliability of measuring
the acetabular component inclination and
anteversion angles of a large-diameter MoM total
hip implant by using plain radiographs (Study V)

Of the 100 replaced hips in study IV, 64 were right hips and 36 left hips. All of the
evaluated implants were well osteo-integrated. One image was excluded from the
anteversion assessment due to its low quality. The average, minimum, and maximum
scores for the measurements of inclination and anteversion are presented in Table 4.

Table 4. The mean scores and standard deviations (SDs) for the inclination and anteversion.
Repeated measures Mean Standard deviation ~ Minimum  Maximum

Observer 1 (first assessment)

Inclination 43.0 7.3 26 59
Anteversion 20.7 104 -6 58
Observer 1 (second assessment)

Inclination 43.1 7.3 24 58
Anteversion 20.7 10.6 -5 59
Observer 2
Inclination 425 75 24 62
Anteversion 20.0 10.6 -7 59

5.3.1. Inclination

In all of the measurements, the inclination angle averaged 43 degrees, varying only
slightly. The comparison of the inter-observer measurements showed a median dif-
ference of 1 (IQR 0 to 2, range 0 to 9) degree. Assessed by the ICC, the inter-observer
repeatability was nearly perfect: the single-measures ICC being 0.97 (95%CI 0.96 to
0.98) and the average-measures ICC being 0.99 (95% CI 0.98 to 1.0). The Cronbach’s
alpha was 0.99. The intra-observer median difference was 1 (IQR 1 to 2, range 0 to 7)
degree. The intra-observer repeatability of the assessment was also nearly perfect: the
single measures ICC being 0.96 (95%CI 0.95 to 0.98) and the average-measures ICC
being 0.98 (95%CI 0.97 to 0.99). The Cronbach’s alpha was 0.98. The Bland Altman
plots confirmed the similarity of the repeated measures estimates (Figure 13).
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Figure 13. Bland Altman plots of the intra-observer (12a) and inter-observer (12b) relia-
bility of the inclination measurements. The circles represent paired measures. The middle
line denotes the mean difference values. The upper and lower lines denote the 95% LA.

5.3.2. Anteversion

In three measurements, the anteversion angle varied slightly on the average from
20 to 21 degrees. The comparison of the inter-observer measurements showed a
median difference of 1 (IQR 0 to 1, range 0 to 10) degree. As assessed by the ICC, the
inter-observer repeatability was nearly perfect: the single measures ICC being 0.99
(95%CI 0.98 to 0.99) and the average measures ICC being 0.99 (95%CI 0.99 to 1.0).
Cronbach’s alpha was 0.99. The intra-observer median difference was 1 (IQR 1 to 1,
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range 0 to 10) degree. The intra-observer repeatability of assessment was also nearly
perfect: the single measures ICC being 0.99 (95%CI 0.98 to 0.99) and the average
measures ICC being 0.99 (95%CI 0.99 to 1.0). Cronbach’s alpha was 0.99. In this case,
as well, the Bland Altman plots confirmed the similarity of the repeated measures
estimates (Figure 14).
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Figure 14. Bland Altman plots of the intra-observer (13a) and inter-observer (13b)
reliability of the anteversion measurements. The dots represent paired measures.
The middle line denotes the mean difference values. The upper and lower lines
denote 95% LA.
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5.4. The connection between pelvic incidence and hip
disorders — a systematic review and quantitative
analysis (Study II)

The search for systematic reviews resulted in 326 records, of which 223 were screened
based on their titles and abstracts, and 52 were based on their full texts (Figure 15).
The collection of 15 studies was analyzed qualitatively in more detail (Yoshimoto et
al. 2005, Blondel et al. 2009, Sariali et al. 2009, Bendaya et al. 2015, Bredow et al. 2015,
Gao et al. 2015, Gu et al. 2015, Weng et al. 2015, Eyvazov et al. 2016, Hellman et al.
2016, Jo et al. 2016, Ochi et al. 2016, Weinberg et al. 2016, Weng et al. 2016, Ochi et
al. 2017). After the exclusion of the study by Gu et al. (2015), which did not report the
statistics needed for a quantitative analysis (average figures of PI) and another study
by Weng and coworkers (2015), which was a subset of the study published in 2016 by
the same team (Weng et al. 2016), the final sample for the quantitative analysis com-
prised 13 studies.

MEDLINE CINAHL | CENTRAL | SCOPUS
121 records | 3records 1 record 201 records

\

326 records identified via
database search

— 89 duplicates

* 14 excluded via Endnote

237 records —> (reviews, case studies,
* pediatrics etc.)

223 records

993 records <— UOrecords iFientified from
* reference lists

223 records screenedon 171 records excluded as

titles and abstracts irrelevant

52 full-text articles 37 full-text articles

assessed for eligibility excluded as irrelevant

\

15 studies included in
qualitative analysis

\

13 studies included in
quantitative analysis

Figure 15. Search and data extraction flow.
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All of the 15 studies had been published within the last 8 years. Most of the included
studies were retrospective. Of the 15 included studies, 10 targeted patients with cox-
arthrosis, 2 studies concerned patients with ankylosing spondylitis, 2 studies focused
on patients with FAI, and 1 trial dealt with subchondral insufficiency fractures (SIF).
Reference groups were used in 7 studies: in 6 studies reference samples had been
drawn from healthy populations (of them, 1 sample was matched), and 1 control
group was made up of patients with low back pain. Six studies were cross-sectional,
while the rest assessed spinopelvic parameters before and after total hip replacement.
Lateral standing radiography was used in all of the studies, except 1 (Weinberg et al.
2016), the research groups, containing, in addition, in some cases, the 3D reconstruc-
tion technique, sitting radiography, computed tomography, and magnetic resonance
imaging. The inclusion and exclusion criteria were considered appropriate, and they
were clearly defined in all of the studies except 1 (Gu et al. 2015).

The sample sizes of the included studies varied from 19 to 150 patients (Table
5). As expected, the patients with coxarthrosis and subchondral insufficiency frac-
tures were older (around 60 years or older) than the patients with ankylosing spon-
dylitis or FAI (<40 years). Across the samples, there was a slight predomination of
women. The estimates of PI varied more than 10 degrees from 46.7 (SD 3.7) to 58.5
(SD 14.0). The authors of a few of the original studies had concluded that PI may play
some role in hip disorders even though the sample sizes were considered underpow-
ered in detecting statistically significant results. Two studies concluded that a higher
PI may contribute to the development of coxarthrosis (Yoshimoto et al. 2005, Bredow
et al. 2015). However, 1 study by Weng and coworkers (2015) reported that PI may
not be involved in coxarthrosis. The study by Gao and coworkers (2015) reported
that PI may correlate with quality of life, body pain, vitality and emotional role for
patients with ankylosing spondylitis when they were compared with patients gath-
ered before and after hip replacement. The study by Hellman and coworkers (2016)
stated that the PI for patients with FAI was lower than that of the general population,
49.3 (SD 12.3) versus 55.0 (SD 10.6), respectively. The study by Weinberg and cow-
orkers (2016) confirmed this finding, specifying further that this effect only exists for
the Cam type of FAIL

To form a reference population of asymptomatic individuals, the “healthy” groups
used in the studies evaluated in this review, along with those in the reports cited in
the included studies, were used (Legaye et al. 1998, Roussouly et al. 2005, Vialle et
al. 2005, Legaye 2009, Sariali et al. 2009, Weng et al. 2015, Jo et al. 2016, Weinberg et
al. 2016). This way, the reference “healthy” sample comprised 777 persons (Table 6
and Figure 15). Their genders were equally distributed, and they were younger [38.9
(SD 10.6) years] than their symptomatic counterparts, except in the studies on anky-
losing spondylitis and FAI. For this asymptomatic group, the pooled average esti-
mate of pelvic incidence was 52.9 (SD 10.1) degrees. The estimate showed a relatively
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narrow 95% CI of 52.2 to 53.6 degrees. For the subpopulation of patients with cox-
arthrosis (pooled n=602 subjects), the pooled mean estimate of pelvic incidence was
54.0 (SD 10.5) degrees with a 95% CI of 53.2 to 54.8 degrees overlapping the 95% CI
of the estimate pooled from an asymptomatic population. Figure 16 presents these

Table 5. Main relevant results of the included studies (FAI = femoroacetabular impingement, Pl = pelvic incidence,
PT = pelvic tilt, SIF = subchondral insufficiency fracture).

Study

Hip osteoarthritis
Bendaya 2015

Blondel 2009
Bredow 2015
Eyvazov 2016
Ochi 2016
Ochi 2017
Sariali 2009
Weng 2016
Weng 2015 f

Yoshimoto 2005

Ankylosing spondylitis

Sample size

Coxarthrosis: 30
Healthy: 30

50
20

28
74
92
Coxarthrosis: 89
Healthy: 100
Coxarthrosis: 69
Healthy: 64
Coxarthrosis: 58
Healthy: 64
Coxarthrosis: 150
Low back pain: 150

Gao 2015 58

Gu 2015 29

Femoroacetabular impingement (FAI)

Hellman 2016 FAI: 60
Healthy: 300

Weinberg 2016 Cam type: 21

Retroverted type: 19
Mixed type: 25
Healthy: 27

Subchondral insufficiency fracture (SIF)

Jo 2016

SIF: 37
Healthy: 37

a Exceptionally wide range 26 to 91 years;
b Exceptionally wide range 27 to 86 years;
¢ Exceptionally wide range 29 to 90 for coxarthrosis and 25 to 85 degrees for low back pain;
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Gender (women)

Coxarthrosis 60%
Healthy: 47%

48%
40%

61%
81%

84%
Coxarthrosis: 58%
Healthy: 45%
Coxarthrosis: 64%
Healthy: 56%

Coxarthrosis: 64%
Healthy: 56%

Coxarthrosis: 80%
Low back pain: 80%

2%

0%

FAI: 50%
Healthy: 37%
All together: 48%

SIF: 89%
Healthy: 89%

Age, mean (SD), years

Coxarthrosis: 59.5 (15.6)
Healthy: 46.0 (12.4)

64.0 (range 47 to 81)
64.1(14.4)a

617 (6.4)
65.5 (13.4) b
67.5 (10.1)

Coxarthrosis: 58.2 (2.0)
Healthy: 51.0 (10.0)
Coxarthrosis: 62.7 (9.9)
Healthy: 58.0 (10.6)

Coxarthrosis: 59.0 (11.9)
Healthy: 58.0 (10.6)

Coxarthrosis: 61.1 (11.1)
Low back pain: 58.9 (11.7)

32.7(3.1)d

37.7 (9.24)

FAI: 35.4 (12.0) e
Historical controls: 32.6 (9.3) e
All together: 34.0 (3.0)

SIF: 70.5(7.4)
Healthy: 70.7 (5.2)



Results

findings in the form of a forest plot. The figure shows that Cls of only 4 studies did
not overlap the 95% CI calculated for an asymptomatic population: 2 studies on cox-
arthrosis (Yoshimoto et al. 2005, Weng et al. 2015), 1 study on mixed FAI (Weinberg

etal. 2016), and 1 study on ankylosing spondylitis (Gao et al. 2015).

Mean pelvic incidence (PI)

estimates (SD), degrees

Coxarthrosis: 56.3 (11.5)
Healthy: 52.1 (11.9)

56.0 (range 40.0 to 87.0)
53.9 (13.1)

50.0 (range 35.0 to 60.0)
54.7 (13.6)
51.2(11.2)

Coxarthrosis: 51.7 (5.0)

Healthy: 52.7 (9.0)
Coxarthrosis: 49.3 (11.1)
Healthy: 46.3 (9.3)
Coxarthrosis: 49.0 (10.8)
Healthy: 46.3 (9.3)
Coxarthrosis: 58.5 (14.0) ¢
Low back pain: 51.9 (13.4) ¢

50.0 (4.4)

Range 53.5 to 82.0

FAI: 49.3 (12.3)
Healthy: 55.0 (10.6)
Cam type: 50.8 (4.6)

Retroverted type: 51.0 (4.6)
Mixed type: 46.7 (3.7)
Healthy: 56.1 (4.4)

SIF:54.3 (12.2)
Healthy: 55.4 (8.3)

Authors’ comments and conclusions relevant to this review

Pl may have been underpowered. Contrary to the classical description, the
difference in the sacral slope relates more to a difference in the geometric
parameter of PI than to the functional parameter of PT.

None

The initial Pl of a few patients was above average, but the small sample size
limited the results.

None

Nonsignificant results regarding the role of Pl

Patients with larger a Pl had poorer clinical outcomes.

None

None
PI might not be involved in coxarthrosis.

A higher PI at a young age may contribute to the development of
coxarthrosis.

The Pl angle may correlate with life quality, body pain, vitality and emotional
role in patients with ankylosing spondylitis.
None

Lower Pl in the patients with FAI than in the general population
Mixed-type FAI may develop as a response to decreased pelvic incidence.

The pelvic incidence figures did not differ from those of the healthy group in
the Cam and retroverted types.

None

d Figures are reported for the fi nal sample size (n = 47) excluding one patient;
e Exceptionally wide range 20 to 70 (FAI) and 18 to 53 (healthy) years;
f  Subgroup of the study by Weng et al. 2016.
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Table 6. Pelvic incidence estimates reported by the included studies and their pooled figures along with those
for asymptomatic population.

Study ] Women Age SD Mean SD 95%CI
Lower  Upper

Coxarthrosis

Bendaya 2015 30 52% 59.5 15.6 56.3 1.5 52.2 60.4
Blondel 2009 50 48% 64.0 8.5a 56.0 | 11.8b 52.7 59.3
Bredow 2015 20 40% 64.1 14.4 53.9 13.1 48.2 59.6
Eyvazov 2016 28 61% 61.7 6.4 500 | 6.3b 41.7 52.3
Ochi 2016 74 81% 65.5 134 54.7 13.6 51.6 57.8
Ochi 2017 92 68% 67.5 10.1 512 11.2 48.9 53.5
Sariali 2009 89 58% 58.2 20 51.7 5.0 50.7 52.7
Weng 2016b 69 64% 62.7 9.9 49.3 1.1 46.7 51.9
Yoshimoto 2005 150 80% 61.1 1.1 58.5 14.0 56.3 60.7
Pooled estimates 602 67% 62.7 10.1 54.0 10.5 53.2 54.8

Ankylosing spondylitisc
Gao 2015 | s8| 7% | 27| 31| s00| 44| 489 51

Femoroacetabular impingement (FAl)

Hellman 2016 | 60| 50% | 493 | 123 | 493 | 123 | 462| 524
Weinberg 2016
Cam type 21 43% 34.0 5.0 50.8 46 48.8 52.8
Retroverted type 19 53% 36.0 7.0 51.0 4.6 48.9 53.1
Mixed type 25 48% 34.0 3.0 46.7 3.7 45.2 48.2
Subchondral insufficiency fracture (SIF)
Jo 2016 | 37| 8% | 705 | 74| 543 | 122 504 | 82
Asymptomatic samples
Jo 2016 37 89% 70.7 5.2 55.4 8.3 52.7 58.1
Legaye 1998 49 43% 24.0 5.8 53.2 10.3 50.3 56.1
Legaye 2009 40 58% 44.0 17.0 50.0 12.0 46.3 53.7
Roussouly 2005 160 54% 270 | 75b 51.9 10.7 50.3 53.6
Sariali 2009 100 55% 51.0 10.0 52.7 9.0 50.9 54.5
Vialle 2005 300 3% 354 12.0 54.7 10.6 53.5 55.9
Weng 2015 64 58% 58.0 10.6 46.3 9.3 44.0 48.6
Weinberg 2016 27 48% 33.0 5.0 56.1 4.4 54.4 57.8
Pooled estimates 77 47% 38.9 10.4 52.9 10.1 52.2 53.6

a Calculated from reported range as SD = (maximum — minimum)/4;
b Study by Weng et al. 2015 removed as a subset of the study by Weng et al. 2016;
¢ Study by Gu et al. 2015 was dropped out from the quantitative analysis—no mean pelvic incidence was reported.
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Figure 16. Forest plot of the pelvic incidence estimates reported by the included studies and their pooled
figures, along with those for an asymptomatic population. The solid line delineates the pooled average
estimate of pelvic incidence in the asymptomatic population. The broken lines indicate the 95% confidence
intervals of the estimates. The diamond represents the pooled estimate of pelvic incidence for patients with
coxarthrosis.
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6. Discussion

The systematic review of the literature did not find strong evidence that pelvic inci-
dence plays any substantial role in hip disorders. However, the results suggested that
a lower pelvic incidence may be associated with FAI (at least its mixed type) and hip
problems among patients with ankylosing spondylitis. The evidence on the associa-
tion between pelvic incidence and hip OA remained inconclusive.

The main weakness of the review lies in the weaknesses and the scopes of the
included studies. Most of the studies were retrospective and underpowered. Only
a few focused on pelvic incidence as a main target. For the rest, pelvic incidence
was only a secondary outcome or a part of the spinopelvic sagittal alignment total-
ity. The study designs, reference groups, settings and methods varied widely, leading
to an incapability to perform a formal meta-analysis or to analyze systematically the
methodological quality of the studies. In its present form, the quantitative analysis
reported in this review should be generalized with caution, rather as an uncertain
predisposition than as an exact recommendation. Concerning especially OA of the
hip, it is also possible that different OA subgroups secondary in etiology disappear
under the diagnosis of OA and thus eliminate deviating PIs.

Of all the existing hip disorders, only 4 had been studied regarding the topic thus
far. A total of 10 of the 15 included studies had been conducted among patients with
coxarthrosis. This fact leaves many open questions for upcoming research. The inter-
pretation of the results is especially difficult, as there is no agreement on “normal”
reference values for pelvic incidence (Vaz et al. 2002) and because there is a high var-
iance for pelvic incidence estimates among healthy subjects (Vrtovec et al. 2012).
Therefore, the evidence is waiting to be established in a large population-based study
on the topic.

It is theoretically possible that MoM hip arthroplasty could act as a model for the
motion and wearing of any hip joint since Cr and Co ion blood levels have been pro-
posed as being reliable indicators of hip implant wear (De Smet et al. 2008, Sidagina-
male et al. 2013). In this thesis, the correlations between PI or inclination angles and
Cr or Co ion blood levels were small, <0.2, and statistically not significant. There were
also no correlations between metal ion blood levels and length of follow-up or gender.
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In agreement with earlier studies reporting on the stability of metal ion levels
of up to 9 years after a MoM hip resurfacing operation, no correlation was found
between the metal ion blood levels and length of follow-up (Savarino et al. 2014).
Both hip resurfacing and total hip replacements were included in the present sample.
However, the number of resurfacings was small, only 3 cases. Furthermore, resurfac-
ings and MoM THAs included were analogous models from the same manufacturer.
No significant difference in the metal ion levels between the hip resurfacings and dif-
ferent types of MoM THAs overall has previously been reported (Jantzen et al. 2013).
However, when blood metal ion levels are compared between ASR resurfacing and
ASR THA (DePuy Orthopaedics, Warsaw, IN, USA), higher ion levels in patients
with the ASR THA compared with ASR resurfacing have been reported (Lainiala et
al. 2016, Laaksonen et al. 2017). Also in studies with ASR THA, female gender has
been found to correlate with the increasing of the levels of metal ions (Galea et al.
2017). The gender did not correlate with the blood metal ion concentration in our
study concerning patients with Recap®-M2a-Magnum THA. Of the patients in this
study, 15 had also been exposed to metal-on-polyethylene in the replacement of the
contralateral hip. It is, however, unlikely that this exposure could significantly affect
the results, as an increase in metal ion levels after metal-on-polyethylene hip replace-
ment has previously been found to be minor or nonexistent (Qu et al. 2011, Dahl-
strand et al. 2017).

In addition to the pelvic motion related to PI and PT, other factors, such as trun-
nion-femoral head interface and passive corrosion on the stem surface or high incli-
nation, may affect the rate of wear (De Haan et al. 2008, De Smet et al. 2008, Langton
et al. 2008, Bolland et al. 2011). Matthies and coworkers (2014) reported that acetab-
ular orientation explains less than 30% of the variation in metal ion levels, while the
rest may be explained by other factors, such as component size and design. Langton
and coworkers (2008) reported that the smaller component size of ASR hip resur-
facing affected the metal ion concentration. Plain correlations may be insufficient
with respect to drawing any definitive conclusions since the relevant risk factors may
affect one another. In addition, a sample of less than 90 patients may be insufficient
to achieve significant results when the possible weak correlations between PI and
implant wear are considered. Possibly a multivariate model, including at least gender,
MoM arthroplasty inclination and anteversion, and a more complex analysis of sag-
ittal measurements in a larger sample size may reveal whether there is a weak corre-
lation between spinopelvic complex and THA wear.

The two-dimensional imaging used in this study may have miscalculated the true
three-dimensional acetabular component orientation, and particularly the antever-
sion. The acetabular component may be well-positioned in relation to the inclina-
tion, but not in relation to ante- or retroversion. This way, the lack of anteversion
assessment in this study may have affected the results. The range of the inclination of

47



the acetabular component in this study was relatively wide; this width, in theory, may
have increased the wear of the MoM bearings. However, it has previously been stated
that the inclination angle is not associated with an adverse reaction to metal debris
when ReCap Magnum THA is used (Bosker et al. 2012).

In this study, excellent intra- and inter-observer reliability was found in the assess-
ment of the position the of MoM THA acetabular components in plain radiographs.
The absolute error of agreement was as small as 1 degree for both the inclination and
the anteversion.

Several previous studies have stated that acetabular component orientation can
be measured reliably on the basis of plain radiographs when applied to metal-on-pol-
yethylene, ceramic-on-ceramic, or ceramic-on-polyethylene bearings (Patel et al.
2011, Nho et al. 2012, Lu et al. 2013, Mahmood et al. 2015). However, there are some
potential sources of error in measuring the MoM THA position, because large-diam-
eter, MoM, total arthroplasties are entirely metallic — a femoral head, a taper adapter
and a cup. The acetabular component contour is not always clearly visualized. For
example, although there is a step between the acetabular component and the large
head of the implant, the border may appear obliquely as an ellipse, as it is not perpen-
dicular to the X-rays. In addition, if the acetabular component is obviously mal-po-
sitioned at the extremes of the anteversion, the edge is not clearly distinguishable
in the anteroposterior view because of the overlapping femoral component. Earlier,
Langton et al. (2010) made similar observations when assessing MoM resurfacing
hip implants. They found that cup vertices were impossible to identify in the anter-
oposterior view as the anteversion exceeded 30°. We determined the anteversion
from a single cross-table lateral radiograph. Earlier studies on repeated radiographs
of the same patient have revealed variation of as much as 20 degrees (Biedermann et
al. 2005).

We determined the reliability of measuring radiological anteversion, which
differs from a true anteversion. Pelvic tilting induces considerable discrepancy
between radiographic and calculated anteversion (Haenle et al. 2007), and it has been
found that computer tomography is more accurate than plain radiographs in assess-
ments of anteversion (Ghelman et al. 2009, Davda et al. 2015). However, methods to
calculate anteversion from plain antero-posterior radiographs have been presented
and found acceptable (Ackland et al. 1986, Lu et al. 2013). It has also been suggested
that standardizing the patient position for lateral radiographs gives a more accurate
assessment of anteversion (Nunley et al. 2011, McArthur et al. 2012). Unstandard-
ized positioning of patients while imaging is a limitation in our study. The lateral
radiography was taken from a lying patient with the opposite lower limb raised out
of the way. The position potentially alters the orientation of acetabulum. Generally,
evaluating the inclination from plain radiographs is considered acceptable accuracy
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(Lewinnek et al. 1978, Kalteis et al. 2006, Haenle et al. 2007, De Haan et al. 2008,
Langton et al. 2008).

This was the first study evaluating the repeatability of measuring acetabular cup
position after total MoM hip replacement. Thus there was no previous research for
a direct comparison with our results. When evaluating resurfacing implants, Reito
and coworkers (2012) and Davda and coworkers (2015) reported high ICCs for both
inclination and anteversion. Previous studies conducted on bearings other than MoM
have also reported high reliability for such measurements (Lu et al. 2013, Mahmood
et al. 2015). In this study, the reliability figures were higher than the figures reported
in previous research. The reason for the difference remains unknown, hiding pos-
sibly in differences in the software used. Another reason may be the fact that the
sample was uniform in regard to the design of the hip implant used. The familiarity
of an observer with assessing these particular kinds of radiographs may have affected
the estimations as well, as occurred in the study of Reito and coworkers (2012).

Previously, the reliability of spinopelvic measurements has been examined among
asymptomatic volunteers or patients who have had spinal disorders but intact femoral
heads. Measuring PI, SS, PT and LL was found to be reliable in this study also after
hip replacement. For all 4 of the assessed measures, the intra-observer error was less
than 2 degrees, whereas the inter-observer error ranged from 1 to 3 degrees.

Finding the midpoints of femoral heads on radiographs is not necessary when
SS and LL are being assessed. Instead, measurements of PI and PT angles are based
on the identification of the midpoints of the femoral heads and the center of the axis
connecting them. In lateral spinal radiographs, the large-diameter, metal-on-metal,
total hip head may block out the sight of a non-operated femoral head. It is also pos-
sible that the midpoint of the femoral head has somewhat changed due to arthro-
plasty. Therefore, the chance for measurement error may be greater with bilateral hip
replacement.

In adolescent idiopathic scoliosis Kuklo and coworkers (2005) have reported a
minor difference between the reliability of preoperative versus postoperative meas-
urements of a 4th lumbar vertebra tilt and a Cobb angle. They have partially explained
their finding by the fact that overlying implants obscure the endplate. Despite our
suspicion that these concerns may have affected the reliability of the measurements
in our sample, the reliability figures for all 4 measures were nearly equal, suggesting
that the replacement of a femoral head probably does not weaken the reliability of
sagittal measurements.

For the most part, our results in measuring the reliability of spinopelvic align-
ment support the findings of previous studies. Several studies have reported some
inter- and intra-observer variation in the assessment of spino-pelvic measures. For
example, Hwang and coworkers (2010) reported a standard error of 2 degrees for
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measurements of LL. Polly and coworkers (1996) found that most repeated measures
of lumbar lordosis are within 10 degrees. An error of 2 to 4 degrees has been reported
by Vedantam and coworkers (1998) for the assessment of spinal sagittal alignment
when PI and PT are not included in the assessment. Berthonnaud and coworkers
(2005) have reported an inter-observer error of less than 6 degrees for measurements
of PL, SS, PT, and LL, finding, in accordance with our study, the lowest variability
for PT. A very small inter- and intra-observer error of less than 1 degree for PI has
been reported by Vialle et al. (2006) for a series of 30 patients. In addition, in a study
by Maillot and coworkers (2015), the inter-observer mean difference of the sagittal
measurement was minimal, 0.1 degrees, with an LA of 7 degrees.

Some weaknesses may have affected the generalization of the findings of this
study in assessing the reliability of spinopelvic measurements. Previous studies have
suggested that the position of the arms during imaging may affect sagittal alignment
(Vedantam et al. 2000, Horton et al. 2005). In our study, the position of the upper
limbs was not standardized, even though the patients were asked to stand straight.
This practice may have affected the degree of SS, PT, and LL, but not the degree of P,
as it is independent of the standing position or the position of the pelvis. Excellent
inter-observer reliability has been previously reported regardless of the observers’
skill level (Berthonnaud et al. 2005, Maillot et al. 2015). As shown in Figures 11 and
12, there were several outliers. We can only speculate on their real causes. Previous
studies have suggested some sources of variability in the reliability of radiographic
measurements of this kind, for example, a transitional vertebra or a variation in the
architecture of an endplate (Polly et al. 1996). A transitional vertebra may explain the
sporadic differences of more than 10 degrees in the measurements of PT observed in
this study. Another example is the unusual shape of the first sacral vertebral endplate
due to isthmic spondylolysis or spondylolisthesis, which may also affect the precision
of measurement. In this study, the most precise figures were obtained when PT was
measured. This result can be explained by the opportunity that the variation in the
architecture of a first sacral endplate may affect the degree of SS and LL, but not as
much as the degree of PI or PT. The accuracy of the measurements in this study was
assured by the precise tools included in Carestream PACS® (0.01 degree-error). The
differences between manual and computer-assisted techniques in measurements of
spino-pelvic angles have previously been considered small, even though the comput-
er-assisted techniques seemed to be more reliable than manual ones (Wu et al. 2014,
Maillot et al. 2015).

Several researchers have considered the proportioning of the THA position to
spinopelvic anatomy and balance. Barry et al. (2017) reported that anteversion of a
pre-existing THA acetabular component will decrease when any pathological sagit-
tal imbalance is corrected by osteotomy, and they advised spine surgeons to consider
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the change they cause in the orientation of the acetabulum while spinal osteotomy
is being performed. Buckland and coworkers (2015) also noted that sagittal spinal
correction after THA can affect the stability of the THA, since acetabular antever-
sion decreases. On the contrary, performing THA has not been found to change the
PT (Blondel et al. 2009, Bredow et al. 2015), even though it often allows more hip
extension. However, there are still more conjectures and tips than answers concern-
ing the unquestionable connection between spinal balance and THA positioning,
not to mention the entirety of hip disorders, and these factors should be taken into
account when surgery is actually performed. Despite the uncertainty, the studies on
which this thesis is based provide some valuable knowledge on the topic of interest
in a systematic, both qualitative and quantitative, form. The results should be noted
in the screening for risk factors of hip disorders, planning surgery, or predicting the
course of the disease.

The matter is probably much more complicated than a series of measurements.
Not only sagittal imbalance causes pelvic retroversion. In common degenerative
lumbar disorders, spinal stenosis, individual flexion of the lumbar spine increases
the diameter of the spinal canal and can relieve the symptoms (Schonstrom et al.
1989). Flexion of the lumbar spine can result in pelvic retroversion and an increase
in PT as well (Pourtaheri et al. 2017). On the other hand, a unique pelvic anatomy
can be related to spinal disorders, and this fact may explain some of the complete-
ness. Some researchers have suggested that a low PI is associated with low back pain
(Chaleat-Valayer et al. 2011) and degenerative disc disease in young patients (Barrey
et al. 2007), whereas a high PI is, by contrast, associated with facet joint arthritis in
the lumbar spine (Jentzsch et al. 2013). Also connection between a high PI and spon-
dylolysis (Mehta et al. 2012) and spondylolytic (Hanson et al. 2002) and degenerative
(Morel et al. 2005, Aono et al. 2010) spondylolisthesis has been suggested.

The diversity and inconsistency of the evidence on the topic of this thesis may
reflect the fact that, while the significance of pelvic incidence in different disorders
was proposed over 3 decades ago, intensive research on the subject is just beginning.
The studies included in this review have primarily been conducted very recently, in
a narrow 2-year timeframe. Thus one might expect that more data on the matter will
appear in a few next years. Pelvic posture and kinematics connected to spinal balance
might play a more relevant role in hip disorders than PI does.

Many patients with hip OA no longer have low back pain after THA. Conse-
quently, the traditional order of treatment is to focus on the hips before the spine.
Decision-making in clinical practice becomes more complicated when obvious
pain-generators overlap, or when necessary operations are extensive.

As the hips are structurally connected to the pelvis and spine, a disorder of one
may produce or contribute to a disorder of the other. One may dream of a simple
explanation between them, since the connection between the hips and spine via the
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pelvis is too polymorphic to be explained by any separate anatomical, functional or
pathogenic feature. To diagnose and treat these associated disorders will be demand-
ing in the future as well. So far technological methods offer possibilities but not com-
plete decisions. Understanding the complexity of both the spine and the hips and the
balance between them is the key to treating the patient in the right order.
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7. Conclusions

The present study leads to the following conclusions:

1. No relation was found between pelvic incidence angle and the wear of hip
replacement in the studied sample (III).

2. The plain radiograph assessment of the total metal-on-metal acetabular
component position and the spinopelvic parameters was found to be reliable.
Hip replacement did not weaken the interpretation of spinopelvic alignment
(Iand IV).

3. Pelvic incidence and hip osteoarthrosis do not seem to be related. There may be
a connection between low pelvic incidence and femoroacetabular impingement

(1ID).
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Reliability of Sagittal Spinopelvic Alignment
Measurements After Total Hip Arthroplasty

Katri Pernaa, MD,* Matti Seppdnen, MD,* Keijo Mdkeld, MD,* and Mikhail Saltychev, MDt

Study design: This is a observational study.

Objective: To evaluate the reliability of measuring sagittal spi-
nopelvic alignment after hip arthroplasty.

Summary of Background Data: Pelvic incidence (PI), sacral slope
(SS), pelvic tilt (PT), and lumbar lordosis (LL) are widely used
in planning the treatment of people with spinal and hip dis-
orders. Previously, these measures have proved reliable when
hip heads are intact. Thus far, it is not known whether they are
also reliable after total hip replacement.

Materials and Methods: Two observers assessed PI, SS, PT, and
LL in the radiographs of 97 patients who had undergone total
hip replacement. Test-retest (intraobserver) and interobserver
reliability were estimated.

Results: The intraclass correlation coefficient ranged from 0.92
to 0.97 and 0.85 to 0.94 for the intraobserver and interobserver
settings, respectively, indicating an almost perfect correlation
between observers or observations. The absolute intrarater
measurement errors were 1.41 [95% confidence interval (CI),
0.98-2.03) for PI, 1.16 (95% CI, 0.78-1.74) for SS, 0.49 (95%
CI, 0.31-0.76) for PT, and 1.75 (95% CI, 1.22-2.51) degrees for
LL. The respective interrater figures were 2.82 (95% CI,
2.04-3.9), 2.44 (95% CI, 1.78-3.35), 0.73 (95% CI, 0.48-1.13),
and 2.28 (95% CI, 1.55-3.34) degrees.

Conclusions: It seems that total hip arthroplasty does not affect
the reliability of spinopelvic sagittal alignment measurements.

Level of evidence: Level I1.

Key Words: pelvic incidence, pelvic tilt, sacral slope, lumbar
lordosis, sagittal alignment, hip replacement, reliability

(Clin Spine Surg 2017;30:E909-E914)

Pelvic incidence (PI), sacral slope (SS), pelvic tilt (PT),
and lumbar lordosis (LL) are widely used as anatomic
measures of sagittal spinopelvic alignment (Fig. 1). Pre-
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vious studies have shown that sagittal spinopelvic align-
ment varies widely.!> The shape and orientation of the
pelvis and spine have been shown to be related.® PI is
an individual, specific, and unchangeable measure that
describes pelvic anatomy and LL independently of the
position of the pelvis.** The SS and PT may change, and,
therefore, they can be used as indicators of postural dis-
orders. LL, which depicts the overall sagittal shape of the
lumbar spine, is associated with the angles of the PI, PT,
and SS.> Acetabular orientation seems to be dependent on
the SS. These sagittal measures have become increasingly
important in determining the treatment and the prognosis
of structural and degenerative spinal deformities.” ® It has
been stated that these measures should be taken into
consideration for every spinal patient as an indicator of
possible sagittal spinopelvic imbalance.'? It has also been
suggested that these measures may be of help when
making decision in hip surgery as well.'"'2 They may
affect the planning and performance of a hip replacement,
as well as play a role in predicting the outcome of surgery.

The measurement of sagittal spinopelvic alignment
has been described in detail by Legaye et al® and found to
be reliable.!317 Studies on repeated measurements of full-
standing radiographs of an asymptomatic spine have
suggested that both intraobserver and interobserver er-
rors are similar regardless of the age group and the degree
of spinal degeneration.'®!° Previous studies on the reli-
ability of these measurements have primarily been con-
ducted among asymptomatic volunteers or patients who
have had spinal disorders but intact femoral heads. Thus
far no data exist on the measurement error that may
occur between repeated measurements or observers in
the assessment of spinopelvic imbalance after total hip
arthroplasty.

The objective of this study was to evaluate both the
intraobserver and interobserver reliabilities of measuring
PI, SS, PT, and LL in standing lateral radiographs of the
lumbar spine after hip arthroplasty.

MATERIALS AND METHODS

This study was a distinct part of an ongoing
screening study among patients after large-diameter-head,
metal-on-metal, total hip arthroplasty in a university
orthopedic clinic.22! The hospital ethics committee
approved the study.

Data were collected on 101 consecutive patients
who underwent large-diameter-head, metal-on-metal,
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total hip arthroplasty. Of the patients, 3 were excluded
due to the absence of lumbar spine radiographs and 1 due
to the low quality of the existing radiograph. The final
sample included 54 male and 43 female patients with an
average age of 68.7 (SD = 8.9) years. All of the images
were taken between April 2014 and February 2015, an
average of 50 (SD = 20.3) months after the arthroplasty.
Of the patients, 90 underwent unilateral arthroplasty, and
for 7 arthroplasty was bilateral. Altogether 17 of those
who underwent the unilateral procedure had undergone
some other type of hip replacement in the contralateral
hip.

While standing straight and comfortably with the
arms either crossed over the chest or resting on a hori-
zontal stand, the patients had their lumbar spine and both
hips x-rayed from the direction of right to left with the left
side against the film cassette. All of the radiographs were
independently assessed by 2 orthopedists (observer 1 and
observer 2) using Carestream PACS imaging software
(Carestream Health Inc., 2011. Version 11.3 turpacs.
Onex Corp., Rochester, NY). Observer 1 performed
measurements twice (approximately 2mo between meas-
urements), and observer 2 did so only once. Using the
digital measuring tools included in the Carestream PACS
software, the observers carried out all of the measure-
ments as suggested by Legaye et al.’

PI was defined as the angle between the line per-
pendicular to the sacral plate at its midpoint and the line
connecting this point to the center of the axis of the
femoral heads (Fig. 1). SS was defined as the angle be-
tween the superior plate of the first sacral vertebra and a
horizontal line. PT was defined as the angle between the
line connecting the midpoint of the superior sacral plate
to the axis of the femoral heads and the vertical axis. LL
was measured as the angle between the superior endplates
of the first lumbar and first sacral vertebrae using the
Cobb technique. The center of the replaced hip was de-
fined similarly with respect to the center of a nonoperated
hip. The Carestream PACS imaging software finds the
center of the prosthetic femoral head digitally after
placing a circle around it. When the replaced hip covered
the sight of the other hip, the center of the femoral head
was defined as the center of the replaced hip.

Statistical Analysis

Difference and mean scores were calculated for each
measurement pair. The 1-sample ¢ test was used to com-
pare the difference scores for each outcome variable: PI,
SS, PT, and LL. The results were reported as 2-tailed P-
values. A P-value of < 0.05 was considered statistically
significant, referring to the systematic overestimation or
underestimation of a measured angle. The 2-way random
model intraclass correlation coefficient (ICC) was used to
quantify the degree to which an observer’s (intraobserver
reliability) or 2 observers’ (interobserver reliability) as-
sessments resembled each other. The results were reported
as single measures ICCs, describing how reliable it is to
use only 1 observer, and as average measures ICCs, de-
scribing the reliability of agreement between 2 observers.

E910 | www.clinicalspinesurgery.com
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FIGURE 1. Measuring spinopelvic alignment and values of

pelvic incidence (PI), sacral slope (SS), pelvic tilt (PT) and
lumbar lordosis (LL).

Cronbach o was also reported. Bland-Altman plots were
constructed for each outcome variable. The difference
between the 2 measurements per subject was plotted
against the mean of the 2 measurements. As suggested
previously for samples >60, 95% limits of agreement
were calculated by using the following equation: 95%
limit of agreement = mean + 1.96 x SD.?2 The linear re-
gression model was used to detect the potential asym-
metry of a plot—the proportional bias occurring when
significantly more estimates are observed either above or
below the mean line (reported as a 2-tailed P-value). The
Spearman rank correlation coefficient was calculated for
checking the agreement dependency of the mean of the 2
measurements—if the spread of the differences increases
with an increasing mean of the observations. We were
especially interested in obtaining the absolute error of the
measurements regardless of the direction of the differ-
ence. Therefore, all of the difference estimates were
transformed to positive by taking the square root of each
squared difference estimate. Because of this trans-
formation, more observations were grouped close to a
zero difference, and the normal distribution became
positively skewed. Thus the lognormal distribution
was calculated using a decimal logarithm. The means
and 95% confidence intervals were calculated for each
outcome variable from the lognormal distribution and
then back-transformed into degrees. We accepted that the

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Mean Scores and SDs for Pelvic Incidence, Sacral
Slope, Pelvic Tilt, and Lumbar Lordosis

A Mean SD
First assessment by observer 1
Pelvic incidence 55.6 11.0
Sacral slope 38.6 9.5
Pelvic tilt 17.2 8.0
Lumbar lordosis 53.5 12.5
Second assessment by observer 1
Pelvic incidence 54.7 11.0
Sacral slope 37.9 10.0
Pelvic tilt 17.2 8.1
Lumbar lordosis 53.7 14.0
Assessment by observer 2
Pelvic incidence 51.9 11.3
Sacral slope 35.1 9.9
Pelvic tilt 16.6 8.8
Lumbar lordosis 50.8 14.9

95% confidence intervals became asymmetrical because
of these steps. All of the calculations were made using
IBM SPSS Statistics version 22 (IBM Corp. released 2013
IBM SPSS Statistics for Windows 64 bit, version 22.0;
IBM Corp., Armonk, NY).

RESULTS
The average score for PI was 52-56 degrees. The
scores for SS, PI, and LL averaged 35-39, 17, and 51-54
degrees, respectively (Table 1).

Intraobserver Reliability

For all 4 measures, the absolute error between 2
observations was less than 2 degrees. The mean difference
was less than 1 degree with the limits of agreement
varying between 2 to 4 degrees. For the PI and SS, a P-
value of < 0.05 referred to the overestimation or under-
estimation of the measured angles when the first and
second measurements were compared. For all 4 measures,
both the single and average ICC measures showed a
perfect correlation between the repeated measures, the
estimates being 0.92-0.97, respectively. In the case of LL,
there was a slight proportional bias with more estimates
placed below the mean line than above it. For all 4
measures, the correlation between the mean difference
and the average scores of each assessed pair was small and
statistically nonsignificant (Table 2 and Fig. 2).

Interobserver Reliability

For PI, SS, and LL, the absolute error was <3
degrees. For PT, it was <1 degree. The mean difference
varied between 3 and 4 degrees for PI, SS, and LL, and it
was <1 degree for PT. For all 4 measures, the P-value of
the 7 test was < 0.05 in reference to the overestimation or
underestimation of the angles measured by 2 observers.
For all 4 measures, both the single and average measures
ICC showed a very strong correlation between the ob-
servations, the estimates ranging from 0.85 to 0.94. In the
case of the PT and LL, there was a slight proportional
bias with more estimates below the mean line than above
it. For all 4 measures, the correlation between the mean

TABLE 2. Intraobserver and Interobserver Reliability of Measuring Pelvic Incidence (PI), Sacral Slope (SS), Pelvic Tilt (PT), and

Lumbar Lordosis (LL)

Intraobserver Reliability

Interobserver Reliability

Statistics PI SS PT LL PI SS PT LL
Sample size 97 97 97 97 97 97 97 97
Error between observers or observations*

Mean, degrees 1.41 1.16 0.49 1.75 2.82 2.44 0.73 2.28

Lower 95% confidence interval 0.98 0.78 0.31 1.22 2.04 1.78 0.48 1.55

Upper 95% confidence interval 2.03 1.74 0.76 2.51 39 3.35 1.13 3.34

Difference between observations or observers{

Mean difference (deg.) —0.89 —0.78 —0.08 0.16 —3.76 —3.55 —0.66 —2.71

SD (deg.) 3.60 3.79 2.08 4.10 4.98 4.22 2.94 5.83

Lower 95% limit of agreement —7.94 —8.21 —4.16 —8.20 —13.52 —11.82 —6.42 —14.14

Higher 95% limit of agreement 6.17 6.65 4.00 7.88 6.00 4.72 5.10 9.72

I-sample ¢ test, 2-tailed P 0.017 0.044 0.696 0.693 0.000 0.000 0.030 0.000

Test for proportional bias, 2-tailed P 0.930 0.175 0.712 0.000 0.571 0.291 0.013 0.040
Intraclass correlation coefficient (ICC)

Single Measures ICC 0.94 0.92 0.97 0.95 0.85 0.85 0.94 0.88
Lower 95% confidence interval 0.92 0.89 0.95 0.93 0.57 0.49 0.91 0.81
Higher 95% confidence interval 0.97 0.95 0.98 0.97 0.93 0.94 0.96 0.94

Average Measures ICC 0.97 0.96 0.98 0.98 0.92 0.92 0.97 0.94
Lower 95% confidence interval 0.96 0.94 0.98 0.96 0.73 0.66 0.95 0.89
Higher 95% confidence interval 0.98 0.97 0.99 0.98 0.97 0.97 0.98 0.97

Cronbach o 0.97 0.96 0.98 0.98 0.95 0.95 0.97 0.95
Correlation between mean difference and average scores for each assessed pair
Correlation coefficient (Spearman) 0.05 0.18 —0.03 0.02 0.06 0.03 0.25 0.33
2-tailed P 0.624 0.086 0.757 0.880 0.541 0.738 0.013 0.001

*Regardless of the direction of difference between observations.
TDistinguishing the direction of difference between observations.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Bland-Altman plots of intraobserver reliability. Dots represent paired repeated measures obtained for 1 observer. The
scores of difference between paired observations are placed on y-axis and mean values of each pair are located on the x-axis.
The central line denotes the mean difference values. The upper and lower lines denote 95% limits of agreement.

difference and the average scores for each assessed pair
was low, being statistically nonsignificant for PI and SS
and significant for PT and LL (Table 2 and Fig. 3).

DISCUSSION

The assessment of 97 radiographs showed that PI,
SS, PT, and LL can be reliably measured after hip re-
placement. Both the intraobserver and interobserver reli-
abilities were found to be high. For all 4 of the assessed
measures, the intraobserver error was <2 degrees, whereas
the interobserver error ranged from 1 to 3 degrees.

As far as we know, this is the first study to report
the reliability of measuring spinopelvic sagittal alignment
after hip replacement, and a comprehensive set of ap-
propriate statistical methods was used. The accuracy of

E912 | www.clinicalspinesurgery.com

the measurements was assured by the precise tools in-
cluded in Carestream PACS (0.01 degree-error). The
differences between manual and computer-assisted tech-
niques in measurements of spinopelvic angles have been
previously considered small, even though the computer-
assisted techniques seemed to be more reliable than the
manual ones.??*

Some weaknesses may have affected the general-
ization of our findings. Previous studies have suggested
that the position of the arms during imaging may affect
sagittal alignment.?>?® In our study, the position of the
upper limbs was not standardized, even though the pa-
tients were asked to stand straight. This may have affected
the degree of SS, PT, and LL, but hardly the degree
of PI, as it is independent of the standing position or
the position of the pelvis. The experience and skills of

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. Bland-Altman plots of interobserver reliability. The dots represent paired measures obtained by separate observers.
The scores of difference between paired observations are placed on the y-axis, and the mean values of each pair are located on the
x-axis. The central line denotes the mean difference values. The upper and lower lines denote the 95% limits of agreement.

observers was not standardized. However, excellent in-
terobserver reliability has been Ereviously reported re-
gardless the observers’ skill level 2*27 As shown in Figures
2 and 3, there were several outliers. We can only speculate
on their real causes. Previous studies have suggested some
sources of variability in the reliability of radiographic
measurements of this kind, for example, a transitional
vertebra or a variation in the architecture of an end-
plate.® A transitional vertebra may explain sporadic
differences of >10 degrees in the measurements of PT
observed by us. Another example is the unusual shape of
the first sacral vertebral endplate due to isthmic spondy-
lolysis or spondylolisthesis, which may also affect the
precision of measurement. In this study, the most precise
figures were obtained when PT was measured. This result
may be explained by the fact that the variation in the

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

architecture of a first sacral endplate may affect the degree
of SS and LL, but not as much to the degree of PI or PT.

Finding the midpoints of femoral heads on radio-
graphs is not necessary when SS and LL are being as-
sessed. Instead, measuring PI and PT angles is based on
identifying the midpoints of femoral heads and the center
of the axis connecting them. In lateral spinal radiographs,
the large diameter, metal-on-metal, total hip head may
block out the sight of a nonoperated femoral head. It is
also possible that the midpoint of the femoral head has
somewhat changed due to arthroplasty. Therefore,
the chance for measurement error may be greater with
bilateral hip replacement. In addition, Kuklo et al* have
reported a minor difference between the reliability
of preoperative versus postoperative measurements of a
4th lumbar vertebra tilt and a Cobb angle. They have

www.clinicalspinesurgery.com | E913
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partially explained their finding by the overlying implants
obscuring the endplate. Despite our suspicion that these
concerns may have affected the reliability of the meas-
urements in our sample, the reliability figures for all 4
measures were nearly equal, suggesting that the replace-
ment of a femoral head probably does not weaken the
reliability of sagittal measurements.

For the most part, our results support the findings
of previous studies. Several studies have reported some
interobserver and intraobserver variation in the assess-
ment_of spinopelvic measures. For example, Hwang
et al'” reported a SE of 2 degrees for measurements of LL.
Polly et al?® found that most repeated measures of LL are
within 10 degrees. An error of 2-4 degrees has been re-
ported by Vedantam et al'® for the assessment of spinal
sagittal alignment when PI and PT are not included in the
assessment. Berthonnaud et al?’ have reported an inter-
observer error of <6 degrees for measurements of PI, SS,
PT, and LL, finding, in accordance with our study, the
lowest variability for PT. A very small interobserver and
intraobserver error of <1 degree for PI has been reported
by Vialle et al'* for a series of 30 patients. In addition, in a
recent study by Maillot et al,2* the interobserver mean
difference of the sagittal measurement has been minimal,
0.1 degrees, with limits of agreement of 7 degrees. Further
research may reveal the reliability of other approaches to
spinopelvic measurements after total hip anthroplasty, for
example, when using computed tomography images in-
stead of plain radiographs, and also the possible influence
of side, type, and bilaterality of the anthroplasty.

We found that hip replacement does not decrease
the reliability of measuring spinopelvic sagittal alignment.
In this study sample, both the intraobserver and inter-
observer reliabilities were found to be excellent. Our
findings support the use of such measurement as a reliable
tool in both clinical practice and research also after hip
replacement.

REFERENCES

. Roussouly P, Gollogly S, Berthonnaud E, et al. Classification of the
normal variation in the sagittal alignment of the human lumbar
spine and pelvis in the standing position. Spine. 2005;30:346-353.

2. Vaz G, Roussouly P, Berthonnaud E, et al. Sagittal morphology and
equilibrium of pelvis and spine. Eur Spine J. 2002;11:80-87.

. Berthonnaud E, Dimnet J, Roussouly P, et al. Analysis of the
sagittal balance of the spine and pelvis using shape and orientation
parameters. J Spinal Disord Tech. 2005;18:40—47.

4. Duval-Beaupere G, Schmidt C, Cosson P. A Barycentremetric study
of the sagittal shape of spine and pelvis: the conditions required for
an economic standing position. Ann Biomed Eng. 1992;20:451-462.

5. Legaye J, Duval-Beaupere G, Hecquet J, et al. Pelvic incidence:
a fundamental pelvic parameter for three-dimensional regulation
of spinal sagittal curves. Eur Spine J. 1998;7:99-103.

6. Legaye J, Duval-Beaupere G, Barrau A, et al. Relationship between
sacral pelvic incidence and acetabular orientation. Hip Int.
2011;21:87-97.

7. Wang Z, Wang B, Yin B, et al. The relationship between spinopelvic
parameters and clinical symptoms of severe isthmic spondylolis-
thesis: a prospective study of 64 patients. Eur Spine J. 2014;23:
560-568.

w

E914 | www.clinicalspinesurgery.com

o

20.

Lo

22.

23.

24.

25.

26.

27.

28.

29.

. Barrey C, Jund J, Noseda O, et al. Sagittal balance of the pelvis-

spine complex and lumbar degenerative diseases. A comparative
study about 85 cases. Eur Spine J. 2007;16:1459-1467.

. Chaleat-Valayer E, Mac-Thiong JM, Paquet J, et al. Sagittal spino-

pelvic alignment in chronic low back pain. Eur Spine J. 2011,
20(suppl 5):634-640.

. Lazennec JY, Brusson A, Rousseau MA. Hip-spine relations and

sagittal balance clinical consequences. Eur Spine J. 2011;20(suppl
5):686-698.

. Hellman M, Haughom B, Brown N, et al. Pelvic incidence and

femoroacetabular impingement-a novel relationship. Arthroscopy.
2013;29:¢196-¢197.

. Radcliff KE, Kepler CK, Hellman M, et al. Does spinal alignment

influence acetabular orientation: a study of spinopelvic variables
and sagittal acetabular version. Orthop Surg. 2014;6:15-22.

. Vialle R, Levassor N, Rillardon L, et al. Radiographic analysis of

the sagittal alignment and balance of the spine in asymptomatic
subjects. J Bone Joint Surg Am. 2005;87A:260-267.

. Vialle R, Ilharreborde B, Dauzac C, et al. Intra and inter-observer

reliability of determining degree of pelvic incidence in high-grade
spondylolisthesis using a computer assisted method. Eur Spine J.
2006;15:1449-1453.

. Jackson RP, Peterson MD, McManus AC, et al. Compensatory

spinopelvic balance over the hip axis and better reliability in
measuring lordosis to the pelvic radius on standing lateral radio-
graphs of adult volunteers and patients. Spine. 1998;23:1750-1767.

. Jackson RP, Hales C. Congruent spinopelvic alignment on standing

lateral radiographs of adult volunteers. Spine. 2000;25:2808-2815.

. Hwang JH, Modi HN, Suh SW, et al. Reliability of lumbar lordosis

measurement in patients with spondylolisthesis: a case-control study
comparing the Cobb, centroid, and posterior tangent methods.
Spine. 2010;35:1691-1700.

. Vedantam R, Lenke LG, Keeney JA, et al. Comparison of standing

sagittal spinal alignment in asymptomatic adolescents and adults.
Spine. 1998;23:211-215.

. Gelb DE, Lenke LG, Bridwell KH, et al. An analysis of sagittal

spinal alignment in 100 asymptomatic middle and older aged
volunteers. Spine. 1995;20:1351-1358.

Junnila M, Seppanen M, Mokka J, et al. Adverse reaction to metal
debris after Birmingham hip resurfacing arthroplasty. Acta Orthop.
2015;13:1-6.

. Mokka J, Junnila M, Seppanen M, et al. Adverse reaction to metal

debris after ReCap-M2A-Magnum large-diameter-head metal-on-
metal total hip arthroplasty. Acta Orthop. 2013;84:549-554.

Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet. 1986;1:
307-310.

Wu W, Liang J, Du Y, et al. Reliability and reproducibility analysis of
the Cobb angle and assessing sagittal plane by computer-assisted and
manual measurement tools. BMC Musculoskelet Disord. 2014;15:33.
Maillot C, Ferrero E, Fort D, et al. Reproducibility and
repeatability of a new computerized software for sagittal spinopelvic
and scoliosis curvature radiologic measurements: Keops. Eur Spine
J. 2015;24:1574-1581.

Horton WC, Brown CW, Bridwell KH, et al. Is there an optimal
patient stance for obtaining a lateral 36” radiograph? A critical
comparison of three techniques. Spine. 2005;30:427-433.

Vedantam R, Lenke LG, Bridwell KH, et al. The effect of variation
in arm position on sagittal spinal alignment. Spine. 2000;25:
2204-2209.

Berthonnaud E, Labelle H, Roussouly P, et al. A variability study of
computerized sagittal spinopelvic radiologic measurements of trunk
balance. J Spinal Disord Tech. 2005;18:66-71.

Polly DW Jr, Kilkelly FX, McHale KA, et al. Measurement of
lumbar lordosis. Evaluation of intraobserver, interobserver, and
technique variability. Spine. 1996;21:1530-1535; discussion 5-6.
Kuklo TR, Potter BK, Polly DW Jr, et al. Reliability analysis for
manual adolescent idiopathic scoliosis measurements. Spine.
2005;30:444-454.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.




76



Original Publications

Saltychev M, Pernaa K, Seppdnen M, Mikeli K, Laimi K.
Pelvic incidence and hip disorders

Acta Orthop 2018; 89(1): 66-70

77



1,-‘[([,! ’ 7 @'_I’Ia\,-.lml'&.Fr"anf'a
Ortlupaccict — pcta Orthopaedica

ISSN: 1745-3674 (Print) 1745-3682 (Online) Journal homepage: http://www.tandfonline.com/loi/iort20

Pelvic incidence and hip disorders

Mikhail Saltychev, Katri Pernaa, Matti Seppanen, Keijo Makela & Katri Laimi

To cite this article: Mikhail Saltychev, Katri Pernaa, Matti Seppanen, Keijo Makela & Katri
Laimi (2018) Pelvic incidence and hip disorders, Acta Orthopaedica, 89:1, 66-70, DOI:
10.1080/17453674.2017.1377017

To link to this article: https://doi.org/10.1080/17453674.2017.1377017

8 © 2017 The Author(s). Published by Taylor &
Francis on behalf of the Nordic Orthopedic
Federation.

Y
h View supplementary material (£

@ Published online: 15 Sep 2017.

"3
@ Submit your article to this journal &

alil Article views: 684

[
h View related articles '

@ View Crossmark data &'
Coaibilark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=iort20



@ OPEN ACCESS
66

Acta Orthopaedica 2018; 89 (1): 66-70

Pelvic incidence and hip disorders
A systematic review and quantitative analysis

Mikhail SALTYCHEV 1, Katri PERNAA 2, Matti SEPPANEN 2, Keijo MAKELA 2, and Katri LAIMI !

1 Department of Physical and Rehabilitation Medicine; and 2 Department of Orthopedics and Traumatology, Turku University Hospital and University of

Turku, Turku, Finland
Correspondence: mikhail.saltychev@gmail.com
Submitted 2017-04-25. Accepted 2017-08-14.

Background and purpose — The role of pelvic incidence in hip
disorders is unclear. Therefore, we undertook a literature review
to evaluate the evidence on that role.

Methods — A search was carried out on MEDLINE, SCOPUS,
CENTRAL, and CINAHL databases. Quantitative analysis was
based on comparison with a reference population of asymptom-
atic subjects.

Results — The search resulted in 326 records: 15 studies were
analyzed qualitatively and 13 quantitatively. The estimates of
pelvic incidence varied more than 10 degrees from 47 (SD 3.7)
to 59 (SD 14). 2 studies concluded that higher pelvic incidence
might contribute to the development of coxarthrosis while 1 study
reported the opposite findings. In 2 studies, lower pelvic incidence
was associated with a mixed type of femoroacetabular impinge-
ment. We formed a reference population from asymptomatic
groups used or cited in the selected studies. The reference com-
prised 777 persons with pooled average pelvic incidence of 53 (SD
10) degrees. The estimate showed a relatively narrow 95% CI of
52 to 54 degrees. The 95% ClIs of only 4 studies did not overlap the
ClISs of reference: 2 studies on coxarthrosis, 1 on mixed femoroac-
etabular impingement, and 1 on ankylosing spondylitis

Interpretation — We found no strong evidence that pelvic inci-
dence plays any substantial role in hip disorders. Lower pelvic
incidence may be associated with the mixed type of femoroacetab-
ular impingement and hip problems amongst patients with anky-
losing spondylitis. The evidence on association between pelvic
incidence and coxarthrosis remained inconclusive.

Pelvic incidence is an individual and unchangeable measure
that describes pelvic anatomy independently of the position
of the pelvis (Duval-Beaupere et al. 1992, Legaye et al. 1998).
It is defined as the angle between the line perpendicular to
the sacral plate at its midpoint and the line connecting this
point to the center of the axis of the femoral heads (Legaye

Figure 1. Measurement of pelvic incidence

et al. 1998) (Figure 1). The pelvic incidence becomes stabi-
lized around the age of 10 years (Mangione et al. 1997) vary-
ing widely from 33 to 85 degrees (Vaz et al. 2002). For more
than 30 years, it has been thought that pelvic incidence may
be related to certain spinal disorders (Offierski and MacNab
1983, Barrey et al. 2007, Chaleat-Valayer et al. 2011, Wang et
al. 2014) and, sometimes, both back pain and pelvic incidence
have been described as altered after a hip replacement (Ben-
Galim et al. 2007, Parvizi et al. 2010, Eyvazov et al. 2016).
The role of pelvic incidence in hip disorders has been
studied less. There have been no comprehensive systematic
reviews conducted on the topic so far. The reports on that role
have been inconsistent, suggesting that either such a role does
not exist (Weng et al. 2016, Ochi et al. 2017) or that higher
pelvic incidence may predispose or be otherwise connected
to coxarthrosis (Yoshimoto et al. 2005, Bredow et al. 2015,
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Ochi et al. 2017). The evidence has been controversial. It has
been suggested that higher pelvic incidence might contribute
to the development of hip osteoarthrosis, as individuals with
increased pelvic incidence tend to lose the anterior covering of
the acetabulum due to excessive pelvic tilt with aging (Yoshi-
moto et al. 2005). Additionally, hip osteoarthrosis may prob-
ably be triggered by damage to the cartilage or labrum caused
by femoroacetabular impingement, which is related, in turn,
to abnormal pelvic incidence (Beck et al. 2005). Gebhart et al.
(2016) studied cadaveric specimens and reported a significant
correlation between higher pelvic incidence and hip osteoar-
throsis-while no such connection was found by Raphael et
al. (2016) when analyzing computed tomography of patients
with hip disorders. Even fewer studies have been conducted
on the significance of pelvic incidence in hip pathologies other
than coxarthrosis. It has been suggested that pelvic incidence
may play some role in hip disorders associated with ankylos-
ing spondylitis, femoroacetabular impingement (FAI), and
subchondral insufficiency fractures (Gao et al. 2015, Gu et al.
2015, Jo et al. 2016, Hellman et al. 2017). In 2 recent sys-
tematic reviews (Pierannunzii 2017, Riviere et al. 2017) on
femoroacetabular impingement (FAI), lower pelvic incidence
has been suggested to relate to a mixed type of impingement.
The correlation between anterior pelvic tilt and lower pelvic
incidence and FAI occurrence has been considered so impor-
tant that Riviere et al. (2017) even suggested a classification
of spinopelvic parameters as risk factors of developing FAI.

The objective of this systematic review was to evaluate the
evidence on the connection between pelvic incidence and hip
disorders.

Methods
PICO

The criteria for considering studies for this review were based
on the PICO (Population, Intervention, Comparison, and Out-
come) framework as follows:

e Adults with hip disorders excluding malignancy and acute
trauma. Observational and clinical studies published in
peer-reviewed journals excluding theses, conference pro-
ceedings, and guidelines. No restrictions based on the time
of publication or language. Abstract available.
Intervention—not applicable.

Comparison—not applicable.

Outcome—primary: risk ratios or odds ratios; secondary—
any outcome.

Data sources and searches

The Cochrane Controlled Trials Register (CENTRAL), MED-
LINE (via PubMed), CINAHL, and SCOPUS databases were
searched in February 2017. The search clauses are presented
in Table 1 (see Supplementary data). The references of identi-
fied articles and reviews were also checked for relevancy.

Records identified via database search

MEDLINE CINAHL CENTRAL SCOPUS
n=121 n=3 n=1 n =201
n =326

Excluded (n = 103):

|_| —duplicates, 89

- reviews, case studies,
pediatrics etc., 14

Records screened on
titles and abstracts
n=223

Excluded as irrelevant
n=171

Full-text articles
assessed for eligibility
n=>52

Excluded as irrelevant
n=237

Studies included in
qualitative analysis
n=15
|
Studies included in
quantitative analysis
n=13

Figure 2. Search and data extraction flow. No additional records were
identified from reference lists.

Study selection

2 independent reviewers screened titles and abstracts of
articles and assessed full texts of potentially relevant studies
(Figure 2). Disagreements between reviewers were resolved
by consensus or by a third reviewer. The methodological qual-
ity of the included trials was not rated.

Data extraction

The ultimate goal of the review was to evaluate the available
evidence on the topic quantitatively. Therefore, when extract-
ing data, some records were omitted due to inability to provide
the statistics needed for analysis or as being subsets of the
same study. For example, a study was excluded if pelvic inci-
dence average figures were not reported. The data needed for
a quantitative analysis were extracted from the included trials
using a standardized form based on recommendations by the
Cochrane Handbook for Systematic Reviews of Interventions
5.1.0 Edition, part 7.6.9 (Higgins and Green 2011).

Statistics
When not reported, a standard deviation (SD) was calculated
from a range as:

SD = (maximum — minimum) / 4

Pooled average estimates (M) of several studies were cal-
culated without weighting the studies according to their vari-
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ance. Pooled SDs of several studies were calculated as (“n
sample size):

SD_ea= VI, = DX SD2+(ny— 1) xSD,2 + ... +
(-~ 1)x SD2)/ (0, +ny+ ... + 0, —K)]

The 95% confidence intervals (95% CI) were calculated as:
95% CI = Mean = 1.96 x (SD/n)

All the calculations were made using Microsoft® Excel®
2013 (Microsoft Corp, Redmond, WA, USA). The study pro-
tocol is available on request from the corresponding author.

Funding and potential conflicts of interest

No funding was received and no conflicts of interest are
declared.

Results

The search resulted in 326 records, of which 223 were screened
based on their titles and abstracts, and 52 based on their full
texts (Table 2, see Supplementary data and Figure 2). 15 stud-
ies were analyzed qualitatively in more detail. After excluding
2 studies, the final sample for the quantitative analysis com-
prised 13 studies (Table 3, see Supplementary data).

All of the 15 studies were published within the last 8 years.
Most of the included studies were retrospective. 10 studies
targeted patients with coxarthrosis, 2 studies—patients with
ankylosing spondylitis, 2 studies—patients with femoroac-
etabular impingement (FAI), and 1 study was focused on sub-
chondral insufficiency fractures. Reference groups were used
in 7 studies: 6 reference samples were drawn out of a healthy
population (of these, 1 sample was matched) and 1 control
group consisted of patients with low back pain. Among the
studies, 6 were cross-sectional while the rest assessed spino-
pelvic parameters before and after hip total replacement. Lat-
eral standing radiography was used in all studies, except for
1 (Weinberg et al. 2016a). In addition, some of the included
studies employed a 3D reconstruction technique, sitting radi-
ography, computed tomography, and magnetic resonance
imaging. The inclusion and exclusion criteria were considered
appropriate and clearly defined in all studies except for one
(Gu et al. 2015).

The sample sizes of the included studies varied from 19 to
150 patients (Table 3, see Supplementary data). As expected,
the patients with coxarthrosis and subchondral insufficiency
fractures were older (around 60 years or older) than patients
with ankylosing spondylitis or femoroacetabular impingement
(<40 years). Across the samples, there was a slight predomina-
tion of women. The estimates of pelvic incidence varied more
than 10 degrees from 47 (SD 4) to 59 (SD 14). The authors of
a few studies concluded that pelvic incidence might play some
role in hip disorders, even though the sample sizes were con-
sidered underpowered to detect statistically significant results.

Bendaza 2015

A
Blondel 2009

N
Bredow 2015

Eyvazov 2016
Ochi 2016
°
@
Ochi 201
@
Sariali 2009
—
Weng 2016
Yoshimoto 2005
Popled estimates for coxarthrosis
Gao 2015 (/

Weinberg 2016 (Cam HAIl)
®
At

g 2016 (| FAI)
®

.
Weinberg 2016 (Mixed FAI)
e ]

Hellman 2017 (FAI)

J0i2016 (SIF)
®-
@

45 47 49 51 53 55 57 59 61
Pelvic incidence (degrees)

Figure 3. Forest plot of pelvic incidence estimates reported by the
included studies and their pooled figures along with those for an
asymptomatic population.Solid line delineates the pooled average
estimate of pelvic incidence in an asymptomatic population. Dashed
lines demarcate the 95% confidence interval of that estimate. Diamond
shape represents the pooled estimate of pelvic incidence in patients
with coxarthrosis. First-named author only cited.

2 studies concluded that higher pelvic incidence might con-
tribute to the development of coxarthrosis (Yoshimoto et al.
2005, Bredow et al. 2015). Conversely, 1 study (Weng et al.
2015) reported that pelvic incidence might not be involved in
coxarthrosis. Gao et al. (2015) reported that pelvic incidence
might be correlated with life quality, body pain, “vitality,” and
“emotional role” in patients with ankylosing spondylitis when
comparing the data gathered before and after hip replacement.
Hellman et al. (2017) stated that pelvic incidence in patients
with femoroacetabular impingement was lower than in the
general population—49 (SD 12) versus 55 (SD 11), respec-
tively. Weinberg et al. (2016a) specified further that this effect
only exists in the Cam type of femoroacetabular impingement.

To form a reference population of asymptomatic individu-
als for this review, “healthy” groups used in the included stud-
ies along with the reports cited by them were pooled (Legaye
et al. 1998, Roussouly et al. 2005, Vialle et al. 2005, Legaye
2009, Sariali et al. 2009, Weng et al. 2015, Jo et al. 2016,
Weinberg et al. 2016a). In this way, the reference “healthy”
sample comprised 777 persons (Table 4, see Supplementary
data, and Figure 3). Their sex was equally distributed and
they were younger (39 (SD 11) years) than their symptomatic
counterparts, except for the studies on ankylosing spondylitis
and femoroacetabular impingement. Within this asymptom-
atic group, the pooled average estimate of pelvic incidence
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was 53 (SD 10) degrees. The estimate showed a relatively
narrow 95% CI of 52 to 54 degrees. For the subpopulation
of patients with coxarthrosis (pooled n = 602 subjects), the
pooled mean estimate of pelvic incidence was 54 (SD 11)
degrees with 95% CI 53 to 55 degrees overlapping the 95%
CI of the estimate pooled from an asymptomatic population.
Figure 3 presents these findings in the form of a forest plot.
From this figure, it can be noticed that CIs of only 4 studies
did not overlap the 95% CI calculated for an asymptomatic
population: 2 studies on coxarthrosis (Yoshimoto et al. 2005,
Weng et al. 2015), 1 on mixed femoroacetabular impinge-
ment (Weinberg et al. 2016a), and 1 on ankylosing spondyli-
tis (Gao et al. 2015).

Discussion

This systematic review did not find evidence that pelvic inci-
dence would play any substantial role in hip disorders. How-
ever, the results suggested that lower pelvic incidence might
be associated with femoroacetabular impingement (at least its
mixed type) and with hip problems associated with ankylos-
ing spondylitis. The evidence on association between pelvic
incidence and coxarthrosis remained inconclusive.

The main weakness of this review lies in the weaknesses and
the scope of the included studies. Most of the studies were ret-
rospective and underpowered. Only a few studies focused on
pelvic incidence as a main target. For the rest, pelvic incidence
was only a secondary outcome or part of spinopelvic sagit-
tal alignment totality. The study designs, reference groups,
settings, and methods varied widely, leading to incapability
to perform a true meta-analysis or to analyze systematically
the methodological quality of the studies. We did not conduct
a meta-synthesis and therefore the degree of heterogeneity
between the included trials remains unknown. Our quantita-
tive analysis should be generalized with caution—rather as
an uncertain predisposition than as an exact recommendation.
Despite these weaknesses, this systematic review provides
valuable knowledge on the topic of interest both qualitatively
and quantitatively. The results should be noted when screen-
ing for the risk factors of hip disorders, planning surgery, or
predicting the course of these conditions.

This is the first systematic review focused entirely on the
importance of only one single spinopelvic parameter—pelvic
incidence—amongst patients with different hip problems.
Therefore, the results are not directly comparable with any
previous reports. The diversity and inconsistency of evidence
on the topic may reflect the fact that, while the significance
of pelvic incidence in different disorders has been proposed
for 3 decades, most research on the subject is just begin-
ning. Indeed, 12 of 15 included studies have been conducted
very recently, in a narrow 2-year timeframe. Thus, one might
expect more data on the matter to appear in the few next years,
which may soon require a review update.

The interpretation of the results is especially difficult as
there is no agreement on “normal” reference values for pelvic
incidence (Vaz et al. 2002). It has even been suggested that
such values may not be settable as there is also a high variance
of pelvic incidence estimates amongst healthy subjects (Vrt-
ovec et al. 2012). However, this doubt is not in line with prob-
ably the largest report on pelvic incidence measurement con-
ducted on 880 cadaveric specimens (Weinberg et al. 2016b),
which showed no barrier to creating reference values of pelvic
incidence. Nevertheless, reference values are so far waiting
to be created in a large population-based study on the topic.

According to this review, of all existing hip disorders, only 4
had been studied regarding the topic so far. As most included
studies were conducted amongst patients with coxarthrosis,
many questions are left for research. For example, the associa-
tion between pelvic incidence and osteoporotic or other frac-
tures in spinopelvic area is unclear.

The scope of this review was limited only to pelvic inci-
dence. Pelvic posture and kinematics connected to spinal
balance might play a more relevant role in hip disorders
than pelvic incidence. There might be a connection between
femoroacetabular impingement and low pelvic incidence.
The pathogenesis and the exact definition of the mixed type
of femoroacetabular impingement are unclear and femoroac-
etabular impingement often demonstrates anatomical features
of both cam and pincer types (Ganz et al. 2003, 2008). This
fact adds uncertainty concerning the association between the
mixed type of femoroacetabular impingement and pelvic inci-
dence.

In summary, we found no evidence that pelvic incidence
plays any substantial role in hip disorders. Lower pelvic inci-
dence may be associated with the mixed type of femoroac-
etabular impingement and hip problems amongst patients with
ankylosing spondylitis. The evidence on association between
pelvic incidence and coxarthrosis remained inconclusive.

Supplementary data
Tables 1-4 are available as supplementary data in the
online version of this article, http://dx.doi.org/ 10.1080/
17453674.2017.1377017
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ABSTRACT

Background and Aims: The wear of metal-on-metal hip implants may increase chromium
or cobalt ion blood level. This phenomenon may depend among other things on the
particularity of spinopelvic anatomy. The effect of pelvic incidence angle on the wear of
metal-on-metal hip implants is not known. The objective of the study was to investigate
whether such effect does exist.

Material and Methods: The pelvic incidence and inclination of acetabular component
angles of 89 patients after unilateral metal-on-metal hip replacement were compared with
blood level of chromium and cobalt ions using Pearson correlation coefficient.

Results: No significant correlations between pelvic incidence angle and the metal ion
blood levels were observed. The correlation coefficients varied from —0.02 to 0.2 and all p
values were >0.05.

Conclusion: No evidence was found on the effect of pelvic incidence angle on metal wear
after metal-on-metal hip replacement when measured by the blood levels of chromium
and cobalt ions. It is reasonable to assume that other factors than pelvic tilt may affect the
rate of implant wear.

Key words: Pelvic incidence; metal ion; wear; hip arthroplasty; inclination; acetabular component

INTRODUCTION

Elevated chrome (Cr) and cobalt (Co) ion blood con- surgery due to the metal wear and adverse reactions
centration may serve as a marker for the metal-on- to metal debris (3). The connection between metal ion
metal (MoM) hip implants wear (1, 2). Currently, MoM  concentrations and the rate of implant wear offers an
bearing surfaces are not suggested to be used in hip opportunity for investigating implant wear indirectly.
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Fig. 1. Measuring the value of pelvic incidence (PT).

This may provide an opportunity to measure quanti-
tatively the links between wear rate and the different
potential sources of wear.

Pelvic incidence (PI) (Fig. 1) is a measure describ-
ing pelvic anatomy and lumbar lordosis independ-
ent of the position of pelvis (4). Varying widely from
33 to 85°, PI affects the capacity of rotation of pelvis
around femoral heads (5). While small PI angle lim-
its the capacity to backward pelvic tilt, increased PI
angle enlarges it (6). Pelvic tilt, determined by PI
angle defines, in turn, the entire sagittal spinopelvic
balance (4). Previous research has well established
the important role of measuring adequate antever-
sion and lateral opening of the prosthesis acetabular
component (7). The correct position of implant
enhances clinical success, joint stability, good range
of motion, and the absence of impingement (7, 8). It
has been found that non-optimal implant position
may contribute to the development of hip impinge-
ment and the increased wear of polyethylene liner or
MoM bearings (2, 9).

Previously, it has been stated that there may be a
correlation between PI, pelvic tilt, and acetabular ori-
entation (10, 11). Additionally, high PI may cause the
wider sagittal range of motion of total hip prosthesis
and increased change of acetabular orientation when
the patient moves (12). The relation between acetabu-
lar orientation and wear rates has previously been
reported (2, 13). It is not known whether PI angle has
any significant effect on pelvic and acetabular posi-
tion, as well as on the range of movement of the pros-
thesis, and whether it is significant enough to cause
the observable wear of hip prosthesis.

The objective was to investigate whether there is
any correlation between the markers of MoM
wear—Cr and Co ion blood levels—and PI angle.
If such relationship exists, then PI measure might
play an important role in positioning the acetabular
component.

MATERIAL AND METHODS

Data were collected on the consecutive patients who
underwent unilateral ReCap Magnum/Bimetric large-
diameter head MoM total hip replacement (THR) or
ReCap resurfacing arthroplasty (Biomet, Warsaw, IN,
USA) in a university orthopedic clinic (3) during 2007-
2011. Of the 93 eligible patients, 3 were excluded due to
the absence of lumbar spine radiograph and 1 was
excluded due to the absence of blood test results. The
final sample included 48 male and 41 female patients
with age on average 65.4 (standard deviation (SD)=8.5)
years. Of the 89 patients, 3 had a MoM resurfacing and
86 had a MoM THR. Additionally to MoM, 15 patients
had earlier been exposed to other types of hip replace-
ment on the contralateral side. All the radiographs and
blood tests were taken between April 2014 and February
2015. The radiography for PI measurement was done
while standing straight and comfortably with the arms
either crossed over the chest or resting on a horizontal
stand. The patients had their lumbar spine and both
hips radiographed from the direction of right to left
with the left side against the film cassette. PI was
defined as the angle between the line perpendicular to
the sacral plate at its midpoint and the line connecting
this point to the center of the axis of the femoral heads
(Fig. 1). PI was measured by an orthopedic surgeon as
suggested by Legaye et al. (4). The center of the replaced
hip was marked similar to the marking of the center of
anon-operated hip. When the replaced hip covered the
sight of the other hip, the center of the femoral head
was defined as the center of the replaced hip. The incli-
nation of acetabular component was assessed from pel-
vis anteroposterior radiographs by a radiologist.
Acetabular component inclination of 30-50° has earlier
been considered optimal (7). All the radiographic meas-
urements were done using Carestream PACS® imaging
software (Version 11.3 turpacs, 2011; Carestream Health,
Inc. (Onex Corp.), Rochester, NY, USA). The hospital
ethics committee approved the study.

STATISTICAL ANALYSIS

We ran a Shapiro-Wilk test for data normality appro-
priate for dataset smaller than 2000 elements. Therefore,
to constructing a regression curve, abnormally distrib-
uted data were transformed into lognormal form.
The estimates from normally distributed data were
reported as means, SDs, and ranges. Otherwise, the
results were reported as medians and ranges. Pearson
correlation coefficient was used along with two-tailed
p values (level of significance set at <0.05). Correlation
>0.70 was considered very strong, 0.40-0.69 strong,
0.30-0.39 moderate, 0.20-0.29 weak, and 0.01-0.19 no
or negligible correlation. All the calculations were
made using IBM® SPSS® Statistics version 22 (Released
2013; IBM SPSS Statistics for Windows 64bit, Version
22.0; IBM® Corp., Armonk, NY, USA).

RESULTS

The two-tailed p values were 0.148 for PI, for inclina-
tion 0.857, and <0.001 for chrome and cobalt blood
contents, respectively. We concluded that the PI and




The effect of pelvic incidence on metal wear after MoM hip replacement 93

TABLE 1
Correlation (Pearson r) between metal ion blood levels and pelvic
incidence and inclination of implant acetabular component,
length of follow-up, and gender.

Cobalt ion blood
concentration

Chrome ion blood
concentration

Measurement

Correlation p value Correlation p value

coefficient coefficient
Pelvic incidence angle -0.02 0.855 0.01 0.929
Inclination angle -0.077 0.474 0.036 0.739
Time from surgery -0.031 0.774 0.121 0.260
to test
Gender 0.175 0.10 0.203 0.057

inclination data came from a normal distribution and
the chrome and cobalt content data were abnormal.
Therefore, to constructing a regression curve, chrome
and cobalt data were transformed into lognormal
form. Time between surgery and imaging and between
surgery and blood test were also abnormal with
Shapiro-Wilk test p values <0.001.

No dislocations had occurred and none of the
patients needed a revision surgery for any other com-
plication of arthroplasty. The time between operation
and imaging and between operation and blood test
was on median 41.6 (range 32-101) months.

The mean angle for PI was 55.8° (SD=11.2°,
range=35°-83°). The respective figures for inclination of
acetabular component were 41.5° (SD=7.4°, range=
22°-60°). The Cr ion blood level was on median 1.6
(range=0.7-13.6) ug /L. The respective median value for
Co ion blood concentration was 1.5 (range=0.4-
29.6)pg/L. No significant correlations between PI or
inclination angles and Cr or Co ion blood levels were
observed (Table 1). There were also no correlations
between metal ion blood levels and length of follow-up
and/or gender. The correlation coefficients varied from
-0.02 to 0.2 and all p values were >0.05.

DISCUSSION

In this prospective observational study of 89 patients
who underwent a MoM hip replacement, correlations
between PI or inclination angles and Cr or Co ion
blood levels were small <0.2 and statistically insig-
nificant. There were also no correlations between
metal ion blood levels and length of follow-up and/
or gender.

The Cr and Co ion blood levels have been pro-
posed to be a reliable indicator of hip implants” wear
(1, 14). Additionally to pelvic tilt, factors such as
trunnion-head interface and passive corrosion or
the stem surface or high inclination may affect the
rate of wear (1, 2, 13, 15). Matthies et al. (16) reported
that acetabular orientation explains less than 30% of
variation in metal ion levels, while the rest might be
explained by other factors such as component size
and design. Langton et al. (13) also reported the
smaller component size to effect the metal ion con-
centration.

In line with earlier studies reporting stability of
metal ion levels up to 9years after MoM hip resurfac-
ing operation, no correlation was found between the
metal ion blood levels and length of follow-up (17).
Both hip resurfacing and THRs were included in the
present sample. However, the amount of resurfacings
was small, only three cases. Furthermore, resurfacings
and MoM THRs included were analogous models
from the same manufacturer. No significant difference
in metal ion levels between hip resurfacings and differ-
ent types of MoM THRs overall has previously been
stated (18). However, when comparing blood metal ion
levels between ASR resurfacing and ASR THR (DePuy
Orthopaedics, Warsaaw, IN, USA), higher ion levels in
patients with the ASR THR compared to ASR resurfac-
ing have been reported (19). Of the patients, 15 had
also exposed to metal-on-polyethylene replacement of
contralateral hip. It is, though, unlikely that this could
significantly affect the results as no increase in metal
ion levels after metal-on-polyethylene hip replacement
has previously been found (20).

Two-dimensional imaging used in this study might
miscalculate the true three-dimensional acetabular
component orientation and particularly the antever-
sion. Acetabular component may be well positioned
with relation to inclination but not in relation to ante-
or retroversion. This way, the lack of anteversion
assessment in this study may affect the results. The
range of the inclination of the acetabular component
in this study was relatively wide that, in theory, may
increase the wear of MoM bearings. However, it has
previously been stated that inclination angle is not
associated with adverse reaction to metal debris when
using ReCap Magnum THR (21). Even though,
increased femoral head size of ASR THR is a known
risk factor for adverse reaction to metal debris (22), no
reports have been published on the association
between increased femoral head size of ReCap
Magnum THR and increased blood metal ion levels.
Therefore, measuring femoral head size was out of
scope of this study.

A sample of less than 90 patients may be insuffi-
cient to achieve significant results when recognizing
such weak correlations between PI and hip implant
wear. Further research on larger sample size and
longer follow-ups may reveal whether there is a weak
correlation. As being potentially relevant, gender,
inclination, and follow-up might be included in a mul-
tivariate model. Plain correlations may be insufficient
to make any definitive conclusions since relevant risk
factors may affect one another.

CONCLUSION

No evidence was found on the effect of PI angle on
metal wear after MoM hip replacement when meas-
ured by the blood levels of chromium and cobalt ions.
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ABSTRACT

Background and purpose

Assessing position of a metal-on-metal hip implant radiological-

ly might be significantly compromised because of the large diameter
metal head obscuring the cup margins. The purpose was to evaluate
the reliability of measuring inclination and anteversion angles of a
large-diameter metal-on-metal implant by plain radiographs.

Material and Methods

The measurements were performed by two independent observ-

ers on a sample of 96 people (100 hips) who had underwent a total
large-diameter metal-on-metal hip replacement. Intra- and in-
ter-observer reliability were estimated by using an intraclass correla-
tion coefficient along with Bland-Altman plots.

Results

Both intra- and inter-observer reliability analysis showed nearly
perfect agreement with the intraclass correlation coefficient ranging
between 0.96 and 0.99. Absolute intra- and inter-observer measure-
ment errors for both inclination and anteversion were approximate-
ly one degree.

Interpretation

Assessing acetabular component position by plain radiographs after
large-diameter metal-on-metal total hip replacement showed ex-
cellent repeatability when performed by the same or two different
observers.

Keywords: metal-on-metal, total hip arthroplasty, reliability, plain
radiograph, inclination, anteversion



INTRODUCTION

At least one million hips have been re-
placed with metal-on-metal (MoM) hip
implants across the world including hun-
dreds of thousands of large-diameter
MoM total hip implants (Lombardi et al.
2012, Registry 2015, Registry 2013). Due
to metal wear and adverse reactions to
metal debris, MoM implants have demon-
strated high complication rates (Langton
et al. 2008, Mokka et al. 2013) and because
of that, they are closely monitored by or-
thopaedic surgeons. Even if excluded from
today’s surgery arsenal, these implants
and their complications are going to bur-
den orthopaedic clinics for years to come
(Chang et al. 2013, Lombardi et al. 2015).
Predicting MoM problems early is essen-
tial for effective and timely correction of
complications.
Deviations in MoM acetabular cup orien-
tation have been addressed to be a strong
predictor of upcoming MoM adverse ef-
fects (De Haan et al. 2008, Langton et al.
2008). Thus, previous research has stressed
the importance of assessing acetabular cup
orientation as precisely as possible. Addi-
tionally to clinical reasons, a reliability of
measurement of a large-diameter MoM
implant position may, in some cases, be
pivotal when clarifying a legal entitlement
for compensation (DePuy 2015, Lombardi
et al. 2012, Reuters 2014).

The measurements of acetabular com-
ponents orientation have been well stud-
ied on modern metal-on polyethylene,

ceramic-on-ceramic, and ceramic-on-pol-
yethylene implants (Lu et al. 2013,
Mahmoodetal. 2015, Nho et al. 2012, Patel
et al. 2011). These measurements have
been found reliable in both intra-observer
and inter-observer settings. For the pur-
pose, plain radiographs are common and
prudent imaging method. The difficulties
in measurement have been recognized in
situations when implants are entirely me-
tallic - a femoral head, a taper adapter,
and a cup. The difficulties grow especially
in the case of a total large-diameter MoM
implant. It has been suggested that radio-
logical assessment of MoM implant may
be significantly compromised because of
the large-diameter metal head obscuring
the cup margins (Hart et al. 2009, Langton
etal. 2010). Few studies only have assessed
reliability on MoM resurfacing arthroplas-
ty (Davda et al. 2015, Reito et al. 2012) but
none has focused primarily on total MoM
implants.

The objective of this study was to assess
the intra- and inter-observer reliability of
measuring acetabular component inclina-
tion and anteversion angles of a large-di-
ameter MoM total hip implant by using
plain radiographs.



Figure 1A. Measuring the angle of acetabular component inclination

METHODS

This study was part of an ongoing screen-
ing study among patients after large-diam-
eter head MoM total hip arthroplasty in an
orthopaedic clinic of university hospital
(Mokka et al. 2013). (Mokka et al. 2013).
Data on all consecutive patients who un-
derwent a total hip arthroplasty by using
a Bi-Metric® ReCap®-M2a-Magnum (Bi-
omet, Warsaw, Ind. USA) implant between
2007 and 2011 were collected. Hip osteo-
arthritis was the main reason for the sur-
gery. Between April 2014 and February
2015, each patient underwent a standing
anteroposterior radiography of the pelvis
and a standing lateral radiography of the
replaced hip. The hospital ethics commit-
tee approved the study.

The radiographs were assessed by two
independent researchers - orthopaedic

Figure 1B. Measuring the
angle of acetabular component
anteversion

surgeons. For the assessment, they used
Carestream PACS® imaging software (Care-
stream Health, Inc., 2011. Version 11.3 tur-
pacs. Rochester, NY: Onex Corp, USA).
Earlier, this kind of digital tools has been
reported to be reliable to measuring a total
hip implant position (Patel et al. 2011). The
observers used a digital Cobb angle tool in-
cluded in the software. Using pelvis radio-
graphs, they measured the angles of inclina-
tion as suggested by Lewinnek et al. (Lew-
innek et al. 1978) (Figure 1a). Using lateral
hip radiographs, the observers assessed the
angles of anteversion as proposed by Mur-
ray (Murray 1993) (Figure 1b). All meas-
urements were recorded with accuracy of 1
degree. One of the observers repeated the
assessments after one week.

The monoblock press-fit acetabu-
lar component of Recap®-M2a-Magnum




implant is a hemispherical with shell
thickness of 3 millimetres. Mated with an
insert taper adapter, a modular head is 6
millimetres smaller than the respective ac-
etabular component. The cup and the head
of Recap®-M2a-Magnum articulation are
made of a cobalt-chrome-molybdenum
alloy. The stem, taper, and taper adapter
of this implant are made of a titanium-alu-
minium-vanadium alloy. In this study, the
point of slight change in radiological con-
tour between the edge of the shell and the
head was considered the indicator of ace-
tabular component rim (Figure 1a and 1b).
The inclination was defined as the direct
angle between the line connecting those
points and the horizontal line in the an-
teroposterior pelvic view. The anteversion
was defined as the angle between the line
connecting those points and the horizon-
tal line in the lateral view.

STATISTICAL ANALYSIS

The distributions of all interval variables
were tested for normality. The estimates
from normally distributed data were report-
ed as means, standard deviations (SD) and
ranges. Otherwise, the results were report-
ed as medians, inter-quartile ranges (IQR),
and ranges. The results were accompanied
by 95% confidence intervals (95% Cls). The
two-way mixed effects model of intra-class
correlation coefficient (ICC) was used to
quantify the degree to which the observers’
assessments resembled each other. The re-
sults were reported as single measures ICCs,
describing how reliable it is to use only one
observer, and as average measures ICCs,
describing the reliability of agreement be-
tween two observers. ICC was interpreted
as follows: 0 to 0.2 — poor agreement, 0.3 to

0.4 - fair agreement, 0.5 to 0.6 — moderate,
0.7 to 0.8 - strong, and >0.8 - almost per-
fect agreement. Cronbach’s alpha was also
reported considering alfa > 0.9 excellent,
0.9 to 0.8 - good, 0.8 to 0.7 — acceptable,
0.7 to 0.6 — questionable, 0.6 to 0.5 — poor,
and < 0.5 - unacceptable. Bland Altman
plots were constructed for each outcome
measurement pair plotting the difference
between the two measurements per sub-
ject against the mean of two measurements
(Bland and Altman 1986). The ICC’s were
calculated using IBM® SPSS® Statistics ver-
sion 22 (IBM® Corp. Released 2013. IBM*®
SPSS° Statistics for Windows 64 bit, Version
22.0. Armonk, NY: IBM® Corp). All the
other analyses were performed using Stata/
IC Statistical Software: Release 14. College
Station (StataCorp LP, TX, USA).

RESULTS

Data on 96 consecutive patients (100 oper-
ated hips) were available. Of them four pa-
tients had underwent bilateral hip replace-
ment. Of the patients, 53 were men and 43
women. Their age was on average 69.1 (SD
8.6, 48 to 86) years at the day of the im-
aging. Of the replaced hips, 64 were right
and 36 were left. The median time between
the arthroplasty and the day of the imag-
ing was 3.4 (IQR 3.1 to 3.65, range 2.5 to
8.2) years. None of the patients needed a
revision surgery or had any significant
complication of surgery. All the evaluated
implants were well osteointegrated. One
image was excluded from the anteversion
assessment due to its low quality.

INCLINATION

In all three measurements, the inclination
angle was on average 43 degrees varying
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Figure 2. Bland Altman plots of intra- (2A) and inter-observer (2B) reliability of inclination measurements.
Dots represent paired measures. The central line denotes the mean difference values. The upper and lower

lines denote 95% limits of agreement.

only slightly. The inter-observer measure-
ments comparison showed the median dif-
ference of 1 (IQR 0 to 2, range 0 to 9) degree.
Assessed by ICC, the inter-observer repeat-
ability was nearly perfect: single measures
ICC was 0.97 (95%CI 0.96 to 0.98) and av-
erage measures ICC was 0.99 (95%CI 0.98
to 1.0). Cronbach’s alfa was 0.99. The in-
tra-observer median difference was 1 (IQR
1 to 2, range 0 to 7) degree. The intra-ob-
server repeatability of assessment was
also nearly perfect: single measures ICC
was 0.96 (95%CI 0.95 to 0.98) and aver-
age measures ICC was 0.98 (95%CI 0.97 to
0.99). Cronbach’s alfa was 0.98. The Bland
Altman plots confirmed the similarity of re-
peated measures estimates (Figure 2).

ANTEVERSION

In three measurements, the anteversion
angle varied slightly on average from 20
to 21 degrees. The inter-observer meas-
urements comparison showed the medi-
an difference of 1 (IQR 0 to 1, range 0 to
10) degree. Assessed by ICC, the inter-ob-
server repeatability was nearly perfect: sin-
gle measures ICC was 0.99 (95%CI 0.98 to

0.99) and average measures ICC was 0.99
(95%CI 0.99 to 1.0). Cronbach’s alfa was
0.99. The intra-observer median differ-
ence was 1 (IQR 1 to 1, range 0 to 10) de-
gree. The intra-observer repeatability of
assessment was also nearly perfect: sin-
gle measures ICC was 0.99 (95%CI 0.98 to
0.99) and average measures ICC was 0.99
(95%CI 0.99 to 1.0). Cronbach’s alfa was
0.99. In this case, as well, the Bland Alt-
man plots confirmed the similarity of re-
peated measures estimates (Figure 3).

DISCUSSION

In this cross-sectional study, the plain ra-
diographs of 100 hips replaced with total
large-diameter head MoM implants due
to osteoarthritis were assessed. The posi-
tions of implant acetabular components
were measured by inclination and antever-
sion angles by two independent research-
er. Both inter- and intra-observer reliabili-
ty of assessment was found to be excellent
when measured by ICC and Cronbach’s
alfa. The absolute error of agreement was
as small as 1 degree for both inclination
and anteversion.
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Figure 3. Bland Altman plots of intra- (3A) and inter-observer (3B) reliability of anteversion measurements.
Dots represent paired measures. The central line denotes the mean difference values. The upper and lower

lines denote 95% limits of agreement.

The sample was big enough to achieve
the level of statistical significance. The ac-
curacy of measurements was assured by
0.01-degree preciseness of a digital tool
used. However, the sample gathered in
one orthopaedic clinic may not represent
the variety of entire population of people
who underwent the surgery in question,
though there were a good variety of an-
gles included in this study sample. None
of the patients had any surgery complica-
tions and, thus, it is unknown if the relia-
bility persists also in the situations when
there are complications or after the revi-
sion surgery.

This was the first study evaluating the
repeatability of measuring acetabular cup
position after a total MoM hip replace-
ment. Thus, there was no previous research
comparable with our results directly. Our
results support the earlier reports that ace-
tabular component position may be meas-
ured reliably from plain radiographs. When
evaluating resurfacing implants, Reito et al.
(Reito et al. 2012) and Davda et al. (Davda
et al. 2015) reported high ICCs for both in-
clination and anteversion. Previous studies

conducted on other than MoM bearings
have also reported high reliability of such
measurements (Lu et al. 2013, Mahmood
etal. 2015).

In this study, reliability figures were
higher than the figures reported by the pre-
vious research. The reason for that remains
unknown hiding possibly in differences in
software used. Another reason maybe the
fact that the sample was uniform regarding
the design of hip implant used. The famil-
iarity of an observer with assessing these
particular kinds of radiographs may affect
the estimations as well, as occurred in the
study of Reito et al (Reito et al. 2012). It
may be worth to include these considera-
tions into further research.

Assessing acetabular component po-
sition by plain radiographs after large-di-
ameter metal-on-metal total hip replace-
ment showed excellent repeatability when
performed by the same or by two differ-
ent observers. Our results support the use
of plain radiographs as a routine imaging
technique when screening for complica-
tions associated with MoM total hip im-
plants. e
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