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Abstract
Purpose In order to diminish total hip arthroplasty (THA)
dislocation rate, surgeons strive to achieve adequate
component orientation, offset and limb length. In addition,
dislocation rate can theoretically be reduced by increasing
head diameter and by choosing implants with favorable
head-to-neck and cup-to head ratios. We assessed nine
radiographic and implant-related parameters associated
with an increased risk of dislocation in patients who sustained
a dislocation and in those with a stable arthroplasty.
Methods A total of 1,487 consecutive elective primary THAs
performed by a single surgeon, using a posterolateral ap-
proach were reviewed at an average follow-up of 18 months
(range, 1–112). Fixation was hybrid in 85 % of hips and non-
cemented in 15 %. Thirty-eight patients (38 hips, 2.5 %)
sustained at least one dislocation. Thirty-seven patients with
good quality, standardized anteroposterior radiographs were
selected as a Bstudy group^. The study group was matched-
paired (1:3) with patients who had a stable arthroplasty based
on gender, age, BMI, diagnosis and follow-up. Variables com-
pared between the groups included: head size, cup size, head-
to-neck ratio, cup-to-head ratio, leg-length discrepancy, offset,
cup inclination, cup version and cup orientation based on the
safe zone defined by Lewinnek et al.
Results None of the nine parameters showed a statistically
significant difference between the groups.
Discussion In this study, 90 % of patients who developed a
dislocation had properly positioned acetabular components. In

addition, the vast majority of patients in the study group had
adequate restoration of limb length and offset. The results of
our study may be useful for the orthopedic surgeons who
discuss instability following THA surgery, particularly in pa-
tients with radiographically sound reconstructions.

Keywords Totalhipreplacement .Dislocation .Radiographic
analysis

Introduction

Dislocation is one of the most frequent early complications of
total hip arthroplasty (THA) [1, 2]. It is the second leading
cause for revision after aseptic loosening [3].Malkani et al. [4]
in an analysis of Medicare claims from 1998 to 2007 deter-
mined that dislocation is the most frequent cause of early
revision (36 %) within the first two years following surgery.

The rate of dislocation varies widely between 0.5 and 10%
[5–9]. The dislocation rate during the first post-operative year
in 14,314 THAs performed between 1996 and 2004 and in-
cluded in the Scottish National Arthroplasty Project was 1.9%
[10]. These rates should be interpreted with caution as the risk
of dislocation increases with follow-up [11].

The risks of dislocation and dislocation-related re-opera-
tion are often discussed before surgery based on the
patient’s pre-operative risk factors. Patient-related factors
include but are not limited to: age greater than 70 years, fe-
male gender, diagnosis of hip fracture or avascular necrosis,
medical comorbidities, alcoholism, soft tissue laxity, and pa-
tient’s non-compliance with post-operative dislocation pre-
cautions [12]. A high body mass index (BMI) has also been
linked to dislocation after THA revision surgery [13].

Other factors unrelated to the patient have been linked to a
high dislocation rate: a low surgical volume [14, 15] and the
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use of a posterior approach [16, 17], particularly when a soft
tissue repair is not performed [16].

During the planning and execution of surgery, a number of
mathematic and mechanical Bintra-operative^ factors are care-
fully considered by surgeons including the reconstitution of
normal hip biomechanics (offset and leg length), adequate po-
sitioning and orientation of the components, and a number of
implant related factors including head and cup diameter, head-
to-neck ratio, cup-to-head ratio and offset. Lewinnek et al. [18]
described in 1978 a so-called Bsafe-zone^ of 5–25° of
anteversion and 30–50° of inclination, which has become
a recognized standard of adequate cup position. These Bintra-
operative^ factors are also scrutinized by physicians while
assessing patients who developed post-operative instability.

Surgeons specializing in THA surgery strive to control the
majority of previously mentioned factors in order to achieve
low dislocation rates. It has been the impression of the senior
author, as well as others [19], that even when taking all previ-
ously mentioned factors into account, dislocations can still
occur in seemingly compliant patients with no major radio-
graphic abnormalities.

In order to assess the role of the previously mentioned
variables, we compared head diameter, cup diameter, head-
to-neck ratio, cup-to-head ratio, leg-length discrepancy, offset,
cup inclination, cup anteversion, and Bsafe^ cup positioning
[18] in patients who developed a dislocation following THA
and in those of patients with stable THAs. The comparison
was made while trying to control for the majority of additional
predisposing factors.

Material and methods

In this retrospective, single-centre, single-surgeon study, we
included 1,334 consecutive patients who underwent 1,474
elective, primary THAs (140 bilateral). Patients undergoing
THA for a hip fracture were excluded. All patients were op-
erated on by a specialized hip surgeon (A.G.D.V.) between
2005 and 2014.

We reviewed all patient charts, operative records and radio-
graphs obtained using a standardized technique [20]. As this
investigation focused on THA dislocation, the hip and not the
patient was considered the unit of the study.

Surgeries were performed utilizing a standardized protocol
that included intention to use regional, hypotensive anesthe-
sia, lateral decubitus, and posterolateral approach. Enhanced
posterior soft tissue repair was routinely used [21, 22].
Cementless acetabular fixation was used in all 1,474 THAs.
Cemented femoral fixation was used in 1,257 THAs and
cementless fixation with a proximally coated stem in the re-
maining 217. Metal on polyethylene articulation was used in
1,459 of 1,474 hips (98.9 %). Before surgery, a validated pre-
operative planning was performed [20] aiming at restoring hip

biomechanics. Patients were mobilized the day after surgery
and observed posterior dislocation precautions for six weeks.
They were encouraged to bear weight as tolerated. They were
mobilized with a walker and progressed to a cane. They
followed posterior dislocation precautions for the first
six weeks including the use of a cane, high chair and high
toilet seat. They were instructed to sleep with a pillow between
the legs for six weeks. After that, they were instructed to avoid
high hip flexion, adduction and internal rotation for life by
means of post-operative patient verbal and written education.

There were 38 patients with 38 hips (2.6 %) who presented
with one or more dislocations occurring at an average follow-
up of 18 months (range, 0–80 months). The direction of dis-
location was posterior in 36 hips and anterior in two. One
patient with an anterior dislocation had poor quality radio-
graphs for evaluation and was excluded from the analysis,
leaving 37 patients (37 hips) in the study group.

The mechanism of dislocation was hyperflexion and inter-
nal rotation in 18, hyperflexion in ten, trauma in three, and
unknown in three. The three remaining patients dislocated
while performing regular daily activities and observing poste-
rior dislocation precautions.

The 37 patients (37 hips) in the study group were matched
1:3 with 111 patients (111 hips) with a stable THA (control
group). Matching was performed based on age (±7 years), gen-
der, BMI (±6), follow-up (±6 months) and diagnosis (Table 1).
All study and control patients had a metal-on-polyethylene ar-
ticulation. All patients in the control group were personally

Table 1 Comparison of matching variables between cases and
controls. Matching was performed 1:3 (one dislocator to three non-
dislocators) based on gender, age (±7 years), BMI (±6), diagnosis, and
follow-up (±6 months)

Matching variables Cases (N=37) Controls (N=111) p valuea

Mean SD Mean SD

Age 68.1 12.1 69.2 11.2 0.64

Gender 0.99
F 19 51.4 57 51.4

M 18 48.6 54 48.6

BMI 26.9 4.3 27.3 4.2 0.08

Follow-up (months) 19.2 22.1 19.3 21.2 0.69

n ColPctN n ColPctN p valueb

Diagnosis 0.99
AVN 6 16.2 18 16.2

OA 28 75.7 84 75.7

OA+RA — — 2 1.8

PTOA 1 2.7 3 2.7

RA 2 5.4 4 3.6

ColPctN column percent of N, SD standard deviation; AVN avascular
necrosis, OA osteoarthritis, PTOA post-traumatic osteoarthritis, RA rheu-
matoid arthritis
a Value obtained with paired t-test
b Value obtained with chi-square test
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interviewed by the senior author at last follow-up to confirm
that they had a stable arthroplasty with no dislocations.

For all study and control patients, we recorded implant
characteristics (cup diameter, head diameter and neck length).
We used manufacturer’s data to calculate head-to-neck ratio
and cup-to-head ratio. Standardized radiographs taken by a
single group of radiology technicians were blindly measured
by a single observer who was not involved in patient care
(A.G.D.V.) to calculate the following additional outcome var-
iables: leg length discrepancy, offset difference with the con-
tralateral hip, cup inclination, cup anteversion and cup posi-
tion based on Lewinnek’s safe zone [18].

Measurements were done in Sectra IDS7 PACS station
(Sectra, Linkoeping, Sweden) and calibrated for magnifica-
tion. Leg length discrepancy was determined as the perpen-
dicular distance between the proximal corner of the lesser
trochanter and a horizontal reference line drawn through the
base of the teardrops (Fig. 1). Offset was calculated as the
percentage difference between the offset of the THA and that
of the opposite hip (Fig. 1). Cup inclination was measured as
the angle between the cup’s superior and inferior edges and
the previously mentioned reference line (Fig. 1). Cup
anteversion was calculated based on the algorithm proposed
by Lewinnek et al. in the anteroposterior radiographs. Cup
inclination and anteversion was used to determine adequacy
of cup orientation within Lewinnek et al.’s safe zone [18].

Statistical analysis

For the a priori power analysis, we used the estimates of the
effect of head diameter on the dislocation rate reported by

Amlie et al. [23] and assumed a correlation coefficient be-
tween matched case and control patients to be 0.25 in a
matched case–control study. A sample size of 30 cases and a
matched sample of 90 control patients achieved 90 %
power to detect an odds ratio of 6.06 versus the alter-
native of equal odds using a chi-square test with a 0.05
significance level.

Descriptive statistics were presented for matching variables
and other prognostic factors of interests. Continuous variables
were summarized using means and standard deviations; a
paired t-test was used for comparisons between matched study
and control cases. Categorical variables were reported using
frequencies and proportions, and were compared using chi-
square or Fisher exact tests. Conditional logistic regression
was applied to examine the relationship between dislocation
and a set of prognostic factors that were found to be significant
or borderline significant in the univariate analysis. SAS Proc
PHREG was used and adjusted for the matched pair nature of
the data. Adjusted odds ratios and 95 % confidence limits
were calculated and presented.

Results

The direct comparison of outcome variables between cases
and controls revealed that study patients (dislocators) and con-
trols (non-dislocators) had no significant differences in any
of the outcome variables studied. The following vari-
ables were found to be marginally significant: head-to-
neck ratio (p=0.09), leg length discrepancy (p=0.07),
cup diameter (p=0.07), and cup anteversion (p=0.06)
(Table 2).

Fig. 1 An anteroposterior view
of the pelvis demonstrates a
horizontal reference line through
the base of the teardrops (a-a’).
The limb-length discrepancy was
determined by measuring the
perpendicular distance from the
reference line to the proximal
corner of the lesser trochanters
(b and b’). The femoral offset of
both hips (c and c’) was used to
calculate the offset differential.
Cup inclination (α) was measured
as the angle between the cup’s
superior and inferior edges and
the reference line (a-a’)
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After including all variables with a marginally significant
difference in a regression analysis, none was found to be sig-
nificantly different between cases and controls (Table 3).

Discussion

Dislocation after THA affects patients and physicians, and
increases the cost of care. When assessing a patient with a
dislocated THA, the surgeons utilize plain radiographs and
other studies to assess the factors analyzed in our study, and
determine the cause of instability. This assessment has
substantial treatment implications, as surgery for recurrent
hip instability often focuses on revising malpositioned com-
ponents, correcting offset and, when possible increase the di-
ameter of the femoral head. In addition, the detection of

suboptimal biomechanical conditions in a patient with THA
instability has legal implications.

However, it has been the impression of the senior author
(A.G.D.V.) that dislocations frequently occurred in patients
with biomechanically sound reconstructions. This
Bcounterintuitive^ observation prompted us to perform the
current study. In order to focus on intraoperative variables that
may be associated with a higher risk of dislocation, we con-
trolled for a number of well-recognized pre-operative factors
predisposing to post-operative instability using a strict
matched-pair methodology.

We were unable to find any intra-operative factor related to
the implant choice, technique of implantation, and positioning
that could explain the occurrence of a dislocation. Our analy-
sis shows that despite achieving radiographically sound recon-
structions and paying careful attention to choosing implants
with desirable characteristics, dislocations still occur.

Table 2 Direct comparison of
outcome variables (univariate
analysis)

Outcome variable Cases (N=37) Controls (N=111) p valueb

Mean SD Mean SD

Combined offset 1.76 7.7 0.63 5.77 0.23

Head diameter 0.92
28 cm 24 64.9 71 64

32 cm 13 35.1 40 36

Cup-to-head ratio 1.86 0.14 1.88 0.13 0.27

Head-to-neck ratio 2.47 0.14 2.5 0.12 0.09

Cup diameter 54.49 3.9 55.15 3.77 0.07

Leg-length discrepancya −0.62 3.72 0.27 4.17 0.07

Inclination 41.65 4.08 40.79 4.31 0.14

Anteversion 17.73 5.77 16.62 5.07 0.06

n ColPctN n ColPctN p valuec

Safe zone 0.69
No 3 8.1 6 5.4

Yes 34 91.9 105 94.6

Elevated liner 0.21
No 23 89.2 89 80.2

Yes 4 10.8 22 19.8

ColPctN column percent of N, SD standard deviation

Continuous variables are expressed as mean and standard deviation
a Negative value indicates that the operated side has a shorter leg length, less offset or cup retroversion
bValue obtained with paired t-test
c Value obtained with chi-square test

Table 3 Logistic regression
analysis of variables with
marginally significant differences

Parameter Parameter
estimate

Standard
error

p-value Odds
ratio

95 % confidence
interval

Head-to-neck ratio −1.52 1.66 0.36 0.22 0.01–5.70

Leg-length discrepancy −0.05 0.05 0.31 0.95 0.87–1.05

Cup anteversion 0.04 0.04 0.32 1.04 0.96–1.12

Cup diameter −0.01 0.06 0.81 0.99 0.89–1.10
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There are limitations to our analysis. The first is the retro-
spective nature of the study and selection bias: the senior
author has always strived to use implants with favorable
head-to-neck and cup-to-head ratios. He used a validated
pre-operative planning protocol aimed at minimizing error in
implant positioning and in restoring hip biomechanics [20],
and, when possible, avoided the use of femoral heads with a
skirt. He has routinely used enhanced posterior soft tissue
repair [21]. As the intra-operative variables controlled by the
senior author are routinely considered by the majority of sur-
geons, an analysis of cases in which these details are not
controlled is unfeasible. The second limitation is the lack of
a complete range of femoral head diameters. The senior author
has used 28 and 32 mm diameter heads. The effect of smaller
and larger diameter heads on the results of this study cannot be
assessed. A third limitation is the sample size. It can be argued
that the lack of statistical significance observed in the var-
iables analyzed in our study can be the result of a beta-
type error (underpowered study). In order to overcome
this limitation, a pre-study power analysis was performed.
For power analysis, we selected the diameter of the femoral
head, which has been widely recognized as being associated
with dislocation. Our power analysis demonstrated that our
sample size may be sufficient to detect an effect of femoral
head on dislocation rates. The fourth limitation is the lack of
control over post-operative variables. It can be speculated that
those patients who dislocate are less likely to have followed
dislocation precautions than those who did not dislocate. On
the other hand, it is well recognized that a substantial propor-
tion of patients with stable THAs do not follow disloca-
tion precautions. In the present study, all patients were
educated after surgery with a standardized protocol and
education material and asked to follow posterior dislo-
cation precautions for life. The last limitation is the lack
of generalisation. It is likely that devoted arthroplasty sur-
geons are able to execute a more precise surgery than low
volume ones, thus, the results of our study cannot be extrap-
olated to surgeons with different level of training and utilizing
different surgical approaches. Based on the previously
discussed limitations, we believe that we can safely answer
our research questions.

Femoral offset contributes to hip stability [22, 24, 25].
Fackler and Poss [1] studied 1443 THA patients. Those who
dislocated (2.4 %) had a mean loss of offset of 5.2 mm com-
pared to patients with a stable THAs. In our series, attention
was paid to restoring offset by means of pre-operative plan-
ning. The THAs in the study group and in the control group
had similar offset compared to the contralateral hip (p=0.94).

Equalization of leg length allows a natural gait, improves
stability bymaintaining muscle tension and increases patient’s
satisfaction [25]. In our analysis, the average leg length dis-
crepancy was only 0.9 mm (study group, 0.62 mm; control
group, 0.27 mm [p=0.22]).

We observed that the use of a 28-mm head was not
associated with a significantly higher risk of dislocation
compared to 32-mm ones (p=1). However, other inves-
tigators reported a reduction in dislocation rates with
larger diameter heads [23, 26]. It is possible that the
effect of femoral head size in the dislocation rate cannot
be fully appreciated when 28- and 32-mm heads are
compared, and that a reduction be seen with larger diameter
heads. However, large-diameter heads cannot always be used,
particularly in patients with small diameter sockets, as the
consequently thin polyethylene liners can suffer from run-
away wear or fracture [27].

Likewise, we were unable to demonstrate a relationship
between the dislocation rate and cup diameter, as suggested
by other investigators [28, 29]; head-to-neck ratio (p=0.22);
or cup-to-head ratio (p=0.71).

The role of cup inclination and anteversion on the
dislocation rate has been extensively studied, both inde-
pendently [30–32] and combined [18]. Acceptable
ranges for inclination and anteversion range from 30
to 50° [18, 33] and from 0 to 30° [34] respectively.
When cups are positioned within an adequate range, it
is believed that a number of unwanted complications are
minimized, including increased wear [27], polyethylene
fracture, impingement and instability. In our study, we
observed that an inclination difference of only 2° (dis-
location group more vertical than non-dislocation group)
was statistically significant between cases and controls
in the univariate analysis. Paradoxically, a difference of
2° in anteversion was also significantly different be-
tween cases and controls, with cases having more
anteversion than controls. There was no difference in
the number of patients with cups falling within the ac-
cepted ranges proposed by Lewinnek et al. [18]. Other
authors have observed similar findings [19] and have
questioned the validity of Lewinnek et al.’s safe zones
in modern THA.

In summary, in our study, which spans for a decade
of a single specialized orthopedic surgeon, we were un-
able to find a relationship between ten intra-operative
and implant related variables, and the dislocation rate.
In the surgeon’s experience, dislocation in patients who
undergo elective surgery through a posterolateral ap-
proach is 2.6 % at 18 months of average follow-up. It
is likely that the experience of the senior author is sim-
ilar to other specialized surgeons: most THA disloca-
tions will occur in patients with no major radiographic
abnormalities. Our findings may aid clinicians while
discussing post-operative instability in patients who have
radiographically sound reconstructions. In addition, our find-
ings have legal implications indicating that a large number of
THA dislocations occur in biomechanically sound reconstruc-
tions with no implant malpositioning.
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