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Revision for Recurrent Instability

What are the Predictors of Failure?

Aaron H. Carter, MS, Eoin C. Sheehan, MD, S.M. Javad Mortazavi, MD,
James J. Purtill, MD, Peter F. Sharkey, MD, and Javad Parvizi, MD, FRCS
Abstract: Dislocation is a common complication following total hip arthroplasty (THA). In this
study, we evaluated treatment strategies in patients undergoing revision THA for instability. A total
of 156 hips in 154 patients underwent revision THA for instability between 2000 and 2007 at our
institution. Demographic data and surgical treatment used were analyzed to determine risk factors
for failure. Revision treatments included acetabular components in 100 hips, liner exchange in 56
hips, and femoral and acetabular components in 13 hips. Thirty-three (21.2%) had further
dislocation. Isolated liner revision (P = .004), previous revision arthroplasty (P b .05), and the use
of a 28-mm femoral head were associated with higher failure rates. A total of 20.3% (12/59) of
constrained liners failed. Isolated liner exchange, history of revision, and use of a 28-mm head
were associated with failure in revision THA for instability. Keywords: total hip arthroplasty,
instability, predictors of failure.
© 2011 Elsevier Inc. All rights reserved.
Total hip arthroplasty (THA) is considered one of the
most successful procedures for relieving pain and for
improving function and the quality of life [1-3].
Dislocation following THA however is one of the most
common complications of this procedure that can occur
during both early and late postoperative period.
Reported rates of dislocation range from 0.3% to 10%
in primary and 10% to 28% after revision hip
arthroplasty [4-11]. Berry et al [12] found that the
cumulative rate of dislocations increased over time, with
1% at 1 month, 1.9% at 1 year, and then a constant rate
of 1% every 5 years to a 7% rate at 25 years. Most
dislocations are single episodes that do not require
revision surgery. Surgical intervention however is
indicated in patients where conservative management
has failed or a surgically addressable cause for dislocation
has been identified [4,13]. Surgical treatments that are
commonly used to address instability include correction
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of a malpositioned component, increasing femoral head
size, placement of a constrained liner, and the use of
elevated acetabular liner [13-19]. There are also several
treatments for abductor insufficiency including the
advancement of the greater trochanter and soft tissue
reinforcement [20,21].
This study was conceived to determine the different

treatment modalities patients received during revision
for instability in a relatively large cohort of patients. We
also sought to determine the factors that affect the
outcome of surgery.

Materials and Methods
After obtaining Institutional Review Board approval

for the study, all patients undergoing revision surgery
for recurrent instability after THA from January 2000 to
December 2007 were identified. A prospective joint
registry is in place at our institution, and all patients
undergoing revision arthroplasty are recruited into the
registry and followed prospectively. A research fellow is
available during the revision and collects pertinent
information with regard to surgical findings. There
were 154 patients (156 hips) undergoing surgery with
recurrent instability as the only or the main cause for the
revision surgery. Revision surgery was defined as a
surgical procedure that involved any exchange of the
acetabular cup, liner, head, or femoral stem. Fifty-seven
patients were male, and 97 were female. At the time of
index revision, the average age was 67.1 years (range,
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26.4-92.9 years). Average follow-up was 67 months
(range, 24-119 months).
A detailed review of the patients' medical records and

radiographic images was performed to obtain all
pertinent data. The components that were revised and
the type of components that were implanted were
recorded in each revision. Data included acetabular cup
size, liner size and type (unconstrained vs unconstrained
and elevated vs nonelevated), head material and size, as
well as details of the femoral stem.
Patients receiving arthroplasty at out institution are

followed prospectively; and for patients with inadequate
follow-up, telephone contact is made encouraging them
to return to office for a visit, or data form is administered
over the telephone. No patients were lost to follow-up in
this cohort, and the mean follow-up was 67 months (24-
119 months). Twenty-four patients had died during the
follow-up period. All of these patients had been
followed, and none had a record of further dislocation.
A variety of surgical options were used to address

instability, and patients were divided into 4 major
groups: (1) isolated liner exchange group receiving
constrained or nonconstrained variety; (2) acetabular
component revision; (3) femoral stem revisionwith liner
exchange; and (4) both-component revision. Revisions
were considered failures if the hip dislocated requiring a
reduction or required an additional revision procedure
for instability. The procedures were considered success-
ful if, at follow-up, the patient had not dislocated or if
the patient had died without any report of dislocation.

Statistical Analysis
Descriptive analysis was performed for continuous and

categorical variables. Results of continuous variables
have been reported as mean and standard deviation,
Fig. 1. Venn diagram shows different combinations of prosthesis e
exchange. The figures in each section show the number of hips.
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whereas results of the categorical variables have been
reported as frequency distributions. We compared
different factors between those who failed following
revision and those who had a successful outcome using t
statistics for continuous variable and χ2 statistics or
Fisher test (for less than 5 variables) for categorical
variables. P values b .05 were considered significant. For
those variables that were significant in the unadjusted
analysis, we conducted multivariate logistic regression
analysis to determine independent predictors of failure.

Results
Eighty-seven patients received liner exchange alone,

51 hips received acetabular cup revision, 13 patients
underwent all-component revision, and in 5 patients
liner exchange and femoral stem revision were per-
formed (Fig. 1). In our analysis, we chose to compare
procedures that revised the acetabular cup (cup revi-
sion) to those that exchanged acetabular liner alone
(liner exchange). A total of 88.5% of revision pro-
cedures were performed in acetabular side either as
isolated liner exchange or cup revision, whereas only
11.5% of hips needed femoral stem revision as well.
There were 33 hips (21%) that exhibited further

dislocation at an average of 455 days (range, 3-1905)
after the operation. Of these, 6 hips (4.5%) had isolated
dislocation that was treated successfully by closed
reduction at a mean time of 566 days (range, 3-
1905). One patient (1 hip) had multiple dislocations but
did not undergo any further operation. The remaining
26 hips (16.5%) underwent subsequent revision
surgery for instability at a mean time of 417 days
(range, 6-1344). All subsequent revisions were per-
formed at our institution except for one that took place
at an outside institution.
xchange that patients received. All patients had liner and head
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In patients who underwent revision to constrained
liners, there were 12 dislocations (20.3%); and 5
acetabular components became loose (8.5% of con-
strained liners). All patients with constrained acetabular
component dislocations and acetabular component
loosening underwent additional revision procedures.
Of the patients who initially underwent revision to
constrained acetabular components, complications in-
cluded 6 infections, 1 failed acetabular protrusio cage,
and 1 periprosthetic femur fracture.
Of 25 patients who were revised at our institution, 20

patients were treated successfully with further surgery
that included the use of constrained liner in 17 hips and
larger femoral head in 3 hips. The other 5 hips continued
to have further dislocations.

Predictors of Failure
Multiple patient and surgical factors were analyzed

to determine risk factors for failure (Table 1). This
analysis included but was not limited to demographics,
preoperative and intraoperative surgeon assessment,
Table 1. Univarate Analysis for Different Patient and Surgical Fa

Variables

Outcome

Yes n = 33

Age, y (mean, SD) 66.19 (12.59)
Sex (% male) 12 (36%)
Race (% white) 33 (1%)
Body mass index, kg/cm2

(mean, SD)
28.63 (6.96)

Charlson index b3 27 (82%)
Side operated (% right) 18 (55%)
Primary vs revision
(% primary)

16 (48%)

Bilateral (%) 1 (3%)
Femoral loosening (%) 3 (9%)
Femoral malposition (%) 3 (9%)
Acetabular loosening (%) 1 (3%)
Acetabular malposition (%) 9 (27%)
Polyethylene wear 10 (30%)
Acetabular bone loss 3 (9%)
Abductor deficiency 1 (3%)
Leg length discrepancy 2 (6%)
Cage revision 2 (6%)
Cup revised 14 (42%)
Cemented 3 (21%)
Shell size Mean = 57.73;

SD = 6.50
High wall 17 (52%)
Constrained 12 (36%)
Liner cemented 3 (9%)
All head sizes Mean = 28.56;

SD = 3.64
36-mm Head unconstrained 3 (15%)
28-mm Head unconstrained 12 (60%)
Long neck 14 (42%)
Stem revision 6 (18%)
T osteotomy 4 (12%)
T nonunion or repair 0(0%)
Uncorrectable leg length discrepancy 0(%)
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and components revised. The failure rate in the cup
revision group was significantly lower at 14% com-
pared with 34% failure in the liner exchange group
(P = .004). History of previous revision surgery was
examined as a factor in contributing to dislocation.
Nineteen (32%) of 60 hips with previous revision
surgery dislocated compared with 14 (15%) of 96 hips
that dislocated in their primary revision (P = .05).
Head size also was analyzed. In the unconstrained
cohort, 12 (44%) of 27 hips that received 28-mm
heads dislocated compared with 8 (12%) of 68 hips
with larger head size (P = .0004). Three (9%) of
32 hips that received 36-mm heads dislocated, whereas
17 (27%) of 63 hips with smaller head size had
dislocation (P = .05).
Adjusted analysis was performed using multivariate

logistic regression to determine if acetabular cup revision
is a predictor of outcome after adjusting for the potential
confounders. The odds of failure increased 4.27 (confi-
dence interval, 1.23-14.75; P = .02) times if there was
presence of 28-mm head (Table 2).
ctors with Regard to Failure Following Revision for Instability

= Failure

Statistics P ValueNo n = 123

65.82 (13.65) −0.15 .88
47 (38%) 0.04 .85
93 (76%) 3.65 .06

27.97 (5.94) −0.48 .64

93 (76%) 0.56 .45
76 (62%) 0.57 .45
82 (67%) 3.68 .05

3 (2%) 0.04 .85
8 (6%) 0.27 .61
5 (4%) 1.46 .22

18 (15%) 3.27 .07
52 (42%) 2.46 .12
27 (22%) 0.95 .33
14 (11%) 0.14 .71
10 (8%) 0.03 .86
5 (4%) 0.24 .62
4 (3%) 0.56 .46

86 (70%) 8.55 .004
5 (6%) 3.98 .06

Mean = 57.26;
SD = 4.47

−0.27 .79

50 (41%) 1.25 .26
47 (38%) 0.04 .85

12 (10%) 0.01 .91
Mean = 30.61;
SD = 4.13

29 (39%) 3.96 .05
15 (20%) 12.42 .0004
40 (33%) 1.06 .30
12 (10%) 1.81 .18
10 (8%) 0.51 .48
3 (2%) 0.82 .37
2 (2%) 0.54 .46
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Table 2. Adjusted Analysis Performed Using Multivariate Logistic Regression to Determine if Acetabular Cup Revision is a
Predictor of Outcome After Adjusting for the Potential Confounders

Variables
Parameter
Estimate

Standard
Error

Odds
Ratio 95% CI P Value

Cup revised −0.74 0.57 0.48 0.18-1.97 .39
36-mm Head unconstrained −0.33 0.79 0.72 0.15-3.36 .67
28-mm Head unconstrained 1.46 0.63 4.27 1.23-14.75 .02
Primary revision −0.52 0.61 0.59 0.18-1.97 .39
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Complications
In the 154 patients (156 hips), there were 21 (13.5%)

complications. Ten (6.4%) hips had subsequent infection
following revision arthroplasty. As treatment, 4 patients
had an irrigation and debridement (I&D) (1 patient had
multiple I&Ds), 1 patient had a 1-stage revision, 1 patient
had a resection arthroplasty and retained his spacer, and
4 patients had a 2-stage revision. Seven patients (4.4%)
had revision for acetabular component loosening. The
other complications included 1 patient (0.6%) that had a
failed right acetabular cage that was unreconstructable, 2
patients (1.2%) that were revised for periprosthetic
fracture, and 1 (0.6%) patient that had I&D for
hematoma 8 days after surgery.

Discussion
Instability is a common complication of THA and is

defined as early, occurring within 6 months of index
procedure; intermediate, which is between 6 months and
5 years; or late, which generally presents after 5 years of
surgery [4,5]. This classification helps to aid in deter-
mining the etiology of the instability that then dictates
the most appropriate therapeutic options to pursue.
When a surgical intervention is indicated, there how-
ever are different methods of treatment. This study had
2 main objectives. First, we sought to determine the
outcome of various commonly used surgical procedures
for treatment of recurrent instability. Second, using
statistical methods, we aimed to identify the risk factors
for failure of surgical treatment of recurrent instability.
Based on our surgical experience over the last 3 decades
and based on the findings of this study, we propose a
treatment algorithm that may be useful to surgeons
dealing with recurrent instability of the hip.
This study highlights some important findings. It was

observed that isolated liner exchange was associated
with high rate of failure (34%) in this cohort. The high
failure rate of isolated liner exchange to address
instability has been shown in several previous studies
[15,22-24]. Toomey et al [15] reported on a cohort of 13
patients who were treated with unconstrained liner
component exchange following primary THA instability.
Despite selective inclusion criteria (adequate position,
soft tissue tension, abductor strength, and intraoperative
stability), the rate of dislocation at a mean 5.8 years of
follow-up was 23% [15]. Similarly, Lachiewicz et al [24]
reported 18% and 50% dislocation rate after revision for
Downloaded for Anonymous User (n/a) at A T Still Universi
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instability in patients with primary and revision THA,
respectively. The reason for the higher failure of isolated
liner exchange may be multifactorial but most impor-
tantly may relate to lack of recognition or decision not to
revise a malpositioned but well-fixed acetabular com-
ponent. We have previously cautioned surgeons against
this decision, as malpositioned components, albeit
subtle, adversely affect outcome of surgical intervention
for recurrent instability [25].
Acetabular component revision demonstrated a higher

success rate compared with liner exchange, with an
overall 14% dislocation rate in 100 hips at our
institution. Our success rate with acetabular component
revision is better than those previously reported by
various authors. In a study by Daly and Morrey [13], the
success of revision of a malpositioned acetabular
component was 69% (31 out of 45) at 7.6 years of
follow-up. Lind et al [26] reported a 47.1% dislocation
rate (8 of 17 hips) at 3 years for patients who had
undergone revision of malpositioned acetabular compo-
nent. The higher success rate reported here may be due
to the frequent increase in femoral head size with
acetabular component revision in contrast to other
reports cited.
Increasing femoral head size increases the head-neck

ratio, reduces impingement, and increases jump distance
[18,27]. In our group of patients that received an
unconstrained liner, a higher rate of dislocation was
associated with 28-mm heads (44.4%) compared with
patients that received 36-mm heads (9.4%). This finding
is similar to the findings of other studies. Amstutz et al
[18] reported a 13.7% (4) dislocation rate in 29 hip
revisions or instability that received 36-mm or greater
heads at 5.5 years of follow-up. Kung and Ries [28]
reported that a 36-mm head had a lower dislocation rate
after revision THA than a 28-mm head if the abductor
mechanism was intact. Their study found in patients
with intact abductors a 12.7% dislocation rate with 28-
mm heads compared with no dislocations in hips
receiving 36-mm heads at a mean 27 months of
follow-up. Sikes et al [29] reported no dislocations in
52 primary hips that were at high risk for dislocation and
received a 38-mm or greater head compared with 2
dislocations in a matched group that received a 28-mm
head at a minimum 2 years of follow-up.
Hips with previous revision arthroplasty had almost

double the failure rate of revision for instability after a
ty from ClinicalKey.com by Elsevier on September 19, 
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primary arthroplasty in our cohort. The failure rate was
19.5% for liner exchange after primary THA and 41%
for patients who had previous revision surgeries in our
study. This was in contrast to Biviji et al [22] who found
Fig. 2. The algorithmic approach to a patient with recurrent insta
and then femoral component.
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no association between history of prior revision surgery
and subsequent failure of modular component exchange
for recurrent instability. In the unstable population that
has a history of previous revision surgery, failure could
bility often starts from the evaluation of acetabular component
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be attributed to soft tissue laxity that develops over the
course of multiple surgical procedures. Alberton et al
[9,30] examined the rates of dislocation after revision
THA excluding patients revised for instability and
concluded that extensive soft tissue dissection was
probably the most important variable. Trochanteric
nonunion was considered a dominant risk factor for
dislocation (P b .001) as well as head size, both of which
are related to soft tissue tension. A similar mechanism
leading to failure therefore presumably exists in this
group of unstable patients requiring revision.
The relatively high rate of complications following

revision for instability (13.5%) is another indication
that this procedure is a complex problem. Infection at a
rate of 6.4% (10 hips) was the most common
complication followed by acetabular component loos-
ening at 4.4% (7 hips) for reoperations in this cohort.
Although infection following any complex revision at
the given rate is within the acceptable rate [31], we
believe the higher than expected incidence of acetab-
ular component loosening at short term relates to the
use of constrained liners. In fact, 5 out of 7 acetabular
components that became loose occurred in patients
who received constrained liners. Of the 5 loose
acetabular components, only one of the constrained
liners was cemented into a previously existing well-
fixed acetabular shell. Previous studies have demon-
strated a higher incidence of radiographic and gross
loosening of acetabular components when constrained
liners were used [32]. Thus, we caution against the use
of constrained liner in patients with recurrent instability
unless it is absolutely indicated (Fig. 2). In fact,
constrained liner does not seem to have a very high
success rate in the treatment of recurrent instability, as
12 (20.3%) patients receiving constrained liners in our
study had further dislocations.
Recurrent instability is a complex problem with

multifaceted etiology that requires extensive preopera-
tive planning and availability of multiple surgical
options. We have developed a treatment algorithm
that we currently use at our center (Fig. 2). Liner
exchange is seldom performed unless the acetabular
component is found to be well positioned and well fixed
and allows a femoral head larger than 28 mm. Because
of the high failure rate of constrained liners, we limit the
use of this device to patients with abductor deficiency,
those with soft tissue laxity, and elderly patients with
neurological issues. We hope that the proposed treat-
ment algorithm may be used as a guide for management
of these patients with a complex problem.
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