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*Abstract (Structured; 250 Words Maximum)

Abstract

Background: The coexistence of a stable femoral and a loose acetabular component may pose a
clinical dilemma for the surgeon. Our study aims to compare the intermediate functional
outcomes and survivorship of acetabulum only revision THA (ArTHA) with an age and gender

matched total revision THA (TrTHA) group.

Methods: We retrospectively reviewed prospectively collected data on the pain, function and
total Harris Hip Scores (HHS) and complication profile for ArTHA and TrTHA cohorts from
our regional arthroplasty database. Kaplan-Meier survivorship, with the need for repeat

revision surgery as the endpoint, was used for survival analysis.

Results: Among 538 cases, there were fewer acute medical complications in ArTHA and a
similar dislocation rate for both cohorts. Preoperative HHS for pain, function and total were
better in the ArTHA cohort, but only the function score reached statistical significance. No
significant differences in subsequent years for all aspects of HHS, except the function score
was significantly better in the ArTHA cohort at year 1. 10.0% of ArTHAs and 7.8% of
TrTHAS had required rerevision. The 5-year survivorship was 90.3% (95% CI £ 2.1%) for the
ArTHA cohort and 92.7% (95% CI £ 1.8%) for the TrTHA cohort (p = 0.394). The ArTHA
with posterior approach (n=118) group had the lowest dislocation rate and the best trend of

functional outcomes.

Conclusion: ArTHA can provide similar functional outcomes and dislocation rate to TrTHA,
with an acceptable rerevision rate. The posterior approach in this study was not associated with

a significant dislocation rate.
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outcomes and survivorship of acetabulum only revision THA (ArTHA) with an age and gender

matched total revision THA (TrTHA) group.

Methods: We retrospectively reviewed prospectively collected data on the pain, function and
total Harris Hip Scores (HHS) and complication profile for ArTHA and TrTHA cohorts from
our regional arthroplasty database. Kaplan-Meier survivorship, with the need for repeat

revision surgery as the endpoint, was used for survival analysis.

Results: Among 538 cases, there were fewer acute medical complications in ArTHA and a
similar dislocation rate for both cohorts. Preoperative HHS for pain, function and total were
better in the ArTHA cohort, but only the function score reached statistical significance. No
significant differences in subsequent years for all aspects of HHS, except the function score
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Conclusion: ArTHA can provide similar functional outcomes and dislocation rate to TrTHA,
with an acceptable rerevision rate. The posterior approach in this study was not associated with

a significant dislocation rate.
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Introduction

During revision hip surgery, the coexistence of a stable with a loose component may pose a
clinical dilemma for the surgeon. There is some limited evidence in the literature to suggest
that acetabulum only revision total hip arthroplasty (ArTHA) can be technically challenging
due to the limited exposure [1]. Furthermore, it has been suggested that ArTHA is associated
with a higher instability and dislocation risk due to a potential difficulty in soft tissue
balancing [2], and the obvious fact that only one component can be realigned. As the rate and
incidence of implant loosening can be variable, some authors further suggested that total
revision total hip arthroplasty (TrTHA) with new implants can enhance the longevity of

revision total hip arthroplasty (rTHA) in general [3-5].

Nonetheless, the removal of a well-fixed femoral implant can result in significant damage to
the remaining bone stock, more soft tissue trauma and a longer operative time, all of which,
when considering the longer term outcomes, are potentially detrimental [5]. In addition,
dislocation remains a relatively common and distressing complication following rTHA [6].
Many studies have been done to determine the best approach for primary THA to reduce
dislocation risk [7, 8]. However, there is no clear consensus with regard to this in rTHA [9,

10].

Based on our experience, we have not agreed with the common belief that ArTHA are
associated with less good functional outcome and survivorship. In practice, it is nearly always

a well fixed femoral stem with a loose acetabular component. Furthermore, we believe that
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both anterolateral and posterior approaches have their own merits and limitations; and the
approach should be based on patient characteristics, surgeon’s experience and surgeon’s
preference. We therefore conducted this retrospective review of our experience to evaluate the
medium term functional outcomes and survivorship of ArTHA in a relatively large cohort with
an age and gender matched TrTHA cohort. Our study further determines: 1) the complication
profiles and rerevision rate in both cohorts; and 2) the functional outcomes and survivorship of

ArTHA and TrTHA with different surgical approaches.

Patients and Methods

With Caldicott approval, we reviewed all ArTHA cases with an age and sex matched cohort of
TrTHA from a prospective arthroplasty database that registers every patient undergoing joint

arthroplasty in our region. The TrTHA cohort was selected from a possible 883 cases where:

e Age was between the minimum and maximum ages in the ArTHA cohort;

e Date of operation was between the earliest and latest dates of operation in the ArTHA

cohort; and

e Surgery was performed at the same hospitals as those in the ArTHA cohort.

An individual match for each ArTHA case was randomly selected from a subset of TrTHA
cases of the same gender, age and year of operation. Where none existed, age matching was
relaxed in increments of 1 year either way, to a maximum of 3 years until a match was found.
When more than one possible match existed, the TrTHA case was randomly chosen. If they

remained unmatched, the ArTHA cases were excluded.
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The functional outcomes for rTHA were based on Harris Hip Score (HHS) according to pain,
function and the total score (Appendix 1). The reason for rTHA, the preoperative HHS and at
years 1, 3 and 5 across both cohorts were identified and compared. In addition, the functional
outcomes between the ArTHA and TrTHA cohorts with different surgical approaches were
further analysed. Our grouping cohorts were: acetabulum-only revision total hip arthroplasty
with anterolateral approach [ArTHA (AL)], acetabulum-only revision total hip arthroplasty
with posterior approach [ArTHA (P)], total revision total hip arthroplasty with anterolateral
approach [TrTHA (AL)] and total revision total hip arthroplasty with posterior approach
[TrTHA (P)]. Subsequently, the rerevision rate and indication for rerevision were compared

between the study cohorts.

The Charnley Classification was used to assess patient’s comorbidities where:

e A -1 hip affected;

e B - both hips affected;

e C - multiple joint disease or other disabilities leading to difficulties in walking [11].

Medical and surgical complications were compared. Chest pain, myocardial infarction and
cardiac arrest were considered as cardiac complications. Gastrointestinal bleeding was
classified as a gastrointestinal complication. Urinary tract infection and acute kidney injury
were classified as renal complications. Chest infection was classified as a respiratory
complication. Wound complications included delayed wound healing, wound dehiscence,

excessive bleeding, blistering and excessive bruising. For infection complications, we only
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considered positive laboratory culture and reported superficial and deep infection during
hospital stay. Reported nerve deficit and ankle dorsiflexion weakness were considered as nerve
injury complications. Patients with more than one complication reported were placed into “>1
complications’ category. For surgical complications, we specifically recorded the incidence of

acute dislocation and acute periprosthetic fracture.

Statistical analysis was performed using Statistical Package for the Social Sciences software
(SPSS for Microsoft, Version 21.0). The mean, range and percentage were used for descriptive
statistics. The Shapiro-Wilk test was used to test data normality and the Mann-Whitney test
was used to assess the statistical significance between ArTHA and TrTHA cohorts. The
Kruskal Wallis test was used to assess the statistical significance between both cohorts with
different surgical approaches. The Kaplan-Meier survivorship, with the need for rerevision
surgery as the endpoint, was used for survival analysis. Censored observations, such as patients
who died and those who were lost to follow-up were included in the survivorship analysis. The
survivorship analysis was based on the assumption that not all implants will be revised and
even if the exact time of rerevision for censored observations was not known, the implant was
at least known to be unrerevised before being censored [12]. The log-rank test was used to
identify significant differences between the survival curves of the study cohorts. A p-value less

than 0.05 were regarded as statistically significant.

Results

There were 355 ArTHA cases in the regional database, from year 1993 to 2014. 39 unmatched

cases, 12 hip resurfacing cases and 1 deceased case with insufficient detail were excluded. We
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compared a total of 269 ArTHA cases to a randomised age and gender matched TrTHA cohort.
Among the 538 cases, we had a rate of loss of 29.7% (160 out of 538) with a 68.1% (109 out
of 160) death rate within these lost cases, from an unrelated event. The rate of loss was similar
across both ArTHA and TrTHA cohorts (29.4% vs 30.1%). We have assumed that the causes

of loss to follow up other than death itself, were similar in the two cohorts.

Patient demographics are shown in Table 1. The majority of patients fell into Charnley Class C
for both ArTHA and TrTHA cohorts. The BMI and survival years did not differ significantly
for both cohorts (p = 0.468; 0.942). The length of hospital stay for the ArTHA cohort was
significantly shorter than for the TrTHA cohort (9 days vs 12 days; p = 0.001). At year 1, our
institute achieved patient satisfaction rates of 93.4% (184 out of 197) and 95.9% (188 out of
196) for ArTHA and TrTHA cohorts respectively. At year 5, our institute again achieved
comparative patient satisfaction rates for both ArTHA and TrTHA cohorts [93.5% (87 out of
93) vs 92.8% (90 out of 97)]. The most common indication for performing rTHA for both
cohorts was aseptic loosening, followed by dislocation for ArTHA and infection for the

TrTHA cohort (Table 2).

The comparison of HHS for pain, function and total score are shown in Figure 1 (a, b and c).
The preoperative HHS for pain, function and total were better in the ArTHA cohort, but only
the function score reached statistical significance [(function score, p = 0.020); (pain and total
score, p = 0.154; 0.053)]. Furthermore, there were no significant differences in subsequent
years for all aspects of HHS, except the function score was significantly better in the ArTHA

cohort at year 1 (p = 0.045). Further analysis revealed that the TrTHA cohort had a higher
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score improvement at year 1 than the ArTHA cohort in all 3 aspects of HHS, but only HHS for

pain reached statistical significance (p = 0.021) (Table 3).

During our study period, we had 149 ArTHA (AL), 118 ArTHA (P), 130 TrTHA (AL) and 135
TrTHA (P) cases. 6 cases were excluded as no surgical approaches were recorded. The
comparison of all 3 aspects of HHS for the surgical approaches are shown in Figure 2 (a, b and
c). ArTHA (P) group was associated with the best preoperative HHS and performed best in the
subsequent years for function and total HHS. However, none of the recorded parameters at any
point of this study, including preoperative, postoperative and score improvement at 1 year

reached statistical significance.

There were no intraoperative deaths in our study cohorts. With regard to surgical
complications, our study had an acute periprosthetic fracture rate of 0.74% (2 out of 269) in the
ArTHA cohort and 7.43% (20 out of 269) in the TrTHA cohort. However, we were unable to
identify if they were acetabular or femoral fractures, due to insufficient detail in the database.
The dislocation rates were similar in both ArTHA and TrTHA cohorts (6.0% vs 5.6%).
However, the dislocation rate was the lowest for the ArTHA (P) group, followed by TrTHA
(P), TrTHA (AL) then ArTHA (AL) group (3.4%; 4.4%; 6.9% and 8.1%). The ArTHA cohort
was associated with fewer medical complications than the TrTHA cohort (4.1% vs 12.6%).
Wound infection was the most common postoperative medical complication in our study

cohorts (Table 4).
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In our study, 27 (10.0%) of ArTHAs and 21 (7.8%) of TrTHAS had required rerevision. The 5-
year survivorship was 90.3% (95% CI £ 2.1%) for the ArTHA cohort and 92.7% (95% CI +
1.8%) for the TrTHA cohort. There was no statistical difference between ArTHA and TrTHA
cohorts in the Kaplan-Meier survivorship analysis (p = 0.394) (Figure 3). The ArTHA (AL)
group appeared to have the shortest 5-year Kaplan-Meir survivorship of 89.7% (95%
Cl £ 2.9%), followed by ArTHA (P) group with survivorship of 90.9% (95% CI + 3.0%),
TrTHA (AL) with survivorship of 91.4% (95% CI + 3.1%) and the TrTHA (P) group with the
longest survivorship of 92.4% (95% CI +2.8%); with a non-significant p-value of 0.533
(Figure 4). The indications for rerevision were similar to rTHA, with similar rerevision rate
due to aseptic loosening in both ArTHA and TrTHA cohorts. Our study had one rerevision due

to periprosthetic fracture in the ArTHA cohort (Table 5).

Discussion

When presented with one loose component and one stable component, surgeons have the
choice of performing a single component or both components revision. ArTHA is indicated for
acetabulum component failure when the femoral implant remains well fixed [2, 13]. Our
retrospective review has demonstrated that ArTHA can provide similar functional outcome,
dislocation rate and acceptable revivision rate as TrTHA, with the addition of fewer

postoperative medical complications.

It is well known that rTHA is commonly associated with a higher complication rate, associated
with more extensive blood loss and a longer operative time, than primary THA [4, 14].
Surgeons are generally more cautious when selecting patients for rTHA as patients are older
and often less healthy than they were at the time of the primary arthroplasty [14]. Increasing

age and medical comorbidities are both predictors of major postoperative complications
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following rTHA [14]. Despite that, Parvizi et al. demonstrated that rTHA can provide
substantial clinical benefits to octogenarians and the prevalence of medical complications did
not appear to differ significantly when compared to younger patients [15]. Our study had a
mean age of 72 + 9 years, which was slightly older than in most studies [16-19] and most of
our patients fell into Charnley Class C. Despite that, our medical complication rates for both

ArTHA and TrTHA cohorts were still generally lower than in the literature [14].

Traditionally, rTHA is thought to be associated with lower patient satisfaction and less
functional improvement than primary THA [20]. Eisler et al. further reported that patients
actually have high expectations regarding rTHA: 92% of 66 consecutive rTHA patients
expected to have much less pain and 82% of them expected the same walking ability as with
primary THA, following rTHA [21]. Philpott et al. performed a retrospective observational
study on rTHA patients with a minimum 10 years follow up and demonstrated a patient
satisfaction rate of 92% post rTHA [22]. Similarly, our institute was able to achieve

comparable satisfaction rates to the literature for both cohorts.

With regard to functional improvement, Cho et al. demonstrated an improvement of 33.4
points on the average HHS at 9.2 years follow up, on 29 isolated acetabulum revisions [3]. Our
study had a lower improvement in HHS than the literature. This was possibly due to a lower
preoperative HHS for both cohorts than in the literature. Therefore, the results were not likely
to be limited by retention of the femoral component. Despite that, our study still demonstrated

an overall high level of patient satisfaction following rTHA in both cohorts.

rTHA is known to be associated with a higher dislocation risk and periprosthetic fracture risk

than primary THA. One large prospective cohort study on rTHA reported a periprosthetic
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fracture rate of 4% from day 1 to 30 post-operatively [23]. We were unable to determine if our
‘acute periprosthetic fracture’ occurred intraoperatively or postoperatively within the hospital
stay due to insufficient detail in the documentation. However, our periprosthetic fracture rates
were within the range reported in previous intraoperative series, with a lower rate in the
ArTHA cohort [23, 24]. Some studies reported a higher dislocation rate (8% to 25%) after

ArTHA than after TrTHA [4, 25, 26], which was not observed in our study.

There is no agreement on the optimal exposure during rTHA [3]. Several patient and surgical
factors have been proposed that might influence the risk of dislocation following rTHA [6, 27,
28]. Alberton et al. reported a dislocation rate of 7.4% following rTHA. They suggested that
there was no significant association between surgical approach and dislocation rate. The
authors further concluded that the extent of soft tissue dissection plays the main role in hip
stability after rTHA [28]. Furthermore, surgical approach can be one of the risk factors for cup
malpositioning and have tremendous effect on the implant stability [29, 30]. There is a fear of
dislocation with the posterior approach, which this study addresses. However, generally
speaking, the posterior approach provides the best visualisation of the acetabulum, particularly
in cases with extensive bone loss. Posterior capsulotomies can often be managed by increasing
the acetabular anteversion and the performance of a robust soft tissue repair. In rTHA, it can be
difficult to locate the short external rotators and capsule with a previous posterior approach.
Commonly, the posterior soft tissue is attached to the posterior border of the greater trochanter
as a single layer without distinguishing the capsule from the short external rotators. In some
cases, posterior soft tissue repair is impossible due to increased offset for stability [9]. Suh et
al. demonstrated a markedly decreased dislocation rate after posterior capsule and short
external rotators repair [9]. In many cases, the fibrous scar tissue actually provides excellent

purchase for surgical sutures. It has been reported that ArTHA via the posterior approach has
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been associated with one of the highest overall rates of dislocation [25], which is not consistent
with our study where our ArTHA via posterior approach group achieved the best functional
outcome and lowest dislocation rate. In this study, surgical approach was decided by the
individual surgeon’s preference. There were undoubtedly many cases of using a posterior
approach for a revision after an anterolateral approach for a primary. There will have been
some cases where the converse applied, but the database did not contain the detail to comment

upon this further.

Extensive literature searches revealed three published papers to have greater than 1000 rTHA
cases with overall survivorship of 82% at 10 years [22, 31]. The implant survival in the
literature varied, depending on the indication for revision surgery, the cohort size and follow
up time [22, 31]. The performance for both of our cohorts in the 5-year Kaplan-Meier
cumulative survival analysis was not significantly different. We cannot find any evidence to
suggest that the statistically non-significant but slightly lower survivorship for the ArTHA
cohort was due to the preservation of the original femoral component. Importantly, we were
able to achieve a lower dislocation rate, a lower periprosthetic fracture rate and an acceptable

rerevision rate and survivorship in both cohorts, compared to other studies [22, 31].

To our knowledge, this is the first large age and gender matched comparative study of ArTHA
and TrTHA cohorts. We acknowledge that the current study has certain limitations. The
reduced cohort sizes when adding in the factor of surgical approach means that any conclusion
about implant survivorship for each surgical approach needs to be interpreted with caution.
Albeit not statistically significant, our results indicated a trend of best functional outcomes
with ArTHA (P) but slightly lower survivorship than both TrTHA approach groups by a very

small margin. This may be important for the surgeon when making decisions about rTHA,
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particularly in young patients. Further investigation regarding the best surgical approach is still
warranted, but our study does provide a realistic outcome prediction for both surgeons and
patients regarding the longevity of the prosthesis and also the quality of life after rTHA. The
issue of patients lost to follow up is common in studies of this kind. We do not have
information on these patients other than those who had died, where that fact is straightforward
to determine with current National Health Service (NHS) record keeping. However, we do not
consider that this is critical in the study, given that the proportion is roughly the same in both

cohorts.

The documentation on our prospectively collected database is necessarily limited, and in
certain areas such as the issue of periprosthetic fractures, there is little detail available.
Recourse to the clinical notes has not been possible in many cases, as a significant number of
these records are no longer available. This same limitation also applies to the issue over what
was the condition of the femoral component in the two main cohorts. The policy in our unit,
with all the surgeons, has been only to revise the components which seemed loose or, rarely,
problematic in some other way, such as component version. This was determined by
preoperative assessment and imaging, and also by the surgeon’s intraoperative judgement. We
believe that this reflects most surgeons’ practice. In essence, very few stable implants were
revised, the main exception being those few well fixed acetabular components in the TrTHA

group which had significant polyethylene wear.

We did not find evidence of the femoral component frequently needing to be revised after
ArTHA within the time period of the study. The argument is still occasionally advanced when
considering rTHA that a ‘fresh start’ is best by revising both components, even if only one is

loose. On the other hand, Moskal et al. concluded that ArTHA does not adversely affect both
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the acetabulum exposure and the stability of acetabulum component [32]. Stathopoulos et al.
further revealed a similar rerevision rate for ArTHA and TrTHA (21% vs 22%), suggesting
that it is not justifiable to revise a stable component [4]. In our practice, if there was a well
fixed monobloc stem such as a Charnley in ArTHA, we would ordinarily accept any minor
scratches on the femoral head, rather than embark on a full femoral revision. If there was a
modular head then we would change that to a new one, which also improved access. The rise
of cement within cement revision may reduce the operative morbidity from cement removal

[33] but this was not a significant feature of our practice at the time of this study.

Controversy continues to exist regarding the best fixation method in THA and its subsequent
revision risk [34-36]. The most common cause of revision and rerevision were aseptic
loosening in both cohorts, which is consistent with the literature [4, 18]. The Norwegian
Arthroplasty Register demonstrated a rerevision rate of 6% (165 out of 2751) for ArTHA [17]
whereas another study on 27 unrevised femoral components demonstrated a failure rate of 22%
with ArTHA [4]. Our rerevision rate for ArTHA cohort (10.0%) was within this reported
range. However, our study has limitations in assessing the effectiveness of implant design,
fixation method and bearing surfaces on the implant’s longevity and its effect on aseptic
loosening. Firstly, despite being a relatively large comparative study, further subdividing the
study cohort into cemented/ uncemented fixation would reduce the cohort size further and
resulted in a bias conclusion. Secondly, large register based observational studies as well as
systemic reviews and well conducted prospective randomised trial are better research
methodology in assessing the survival of THA [34]. The aim of our study is not to determine
which primary implant or fixation method is the most ideal, but to answer the relevant practical
question of what can one do when present with a stable femoral and a loose acetabular

component.
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In conclusion, our study further confirms the clinical justification for performing ArTHA when
clinically indicated. ArTHA can provide similar functional outcome, dislocation rate and
acceptable rerevision rate as TrTHA, with addition of fewer postoperative medical
complications. Further study regarding surgical approaches is still warranted, but there was no
evidence in this study to suggest that the posterior approach had a higher dislocation rate, and
it can be safely used in either ArTHA or TrTHA without an increased risk of instability, and
potentially with superior acetabular visualisation.

(3576 words)
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Figure Legends:

Figure 1a: Harris Hip Score (Pain) over 5-year.

Figure 1b: Harris Hip Score (Function) over 5-year.

Figure 1c: Harris Hip Score (Total) over 5-year.

Figure 2a: Harris Hip Score (Pain) over 5-year in different surgical approach groups.

Figure 2b: Harris Hip Score (Function) over 5-year in different surgical approach groups.

Figure 2c: Harris Hip Score (Total) over 5-year in different surgical approach groups.

Figure 3: Kaplan Meir survivorship for ArTHA and TrTHA cohorts.

Figure 4: Kaplan Meir survivorship for different surgical approach groups.



Appendix 1

Appendix

Appendix 1: Harris Hip Score.

Category Harris Hip Score
Excellent 90-100

Good 80-89

Fair 70-79

Poor <70




Tables 1

Tables

Table 1: Patient demographics.

ArTHA TrTHA
Variables N Mean + Range N Mean +
STDEV STDEV Range
Gender (F:M) 269 165:104 269 165:104
Leg (L:R) 269 109:160 269 129:140
Age 269 72+9 4310 93 269 72+9 431092
BMI 232 274+45 | 17t041 223 279+5.2 16 to 48
. 5.49 + 0.01to 0.05to
Survival Years 269 3.86 18.89 269 5.45 + 3.81 10.51
Hospital Stay 265 917 210 66 268 12+ 14 210123
Preoperative | A | 54/215
Charnley | B | 21/215
Class C | 140/215




Tables 2

Table 2: Indication for rTHA.

Indication for rTHA ArTHA (%) TrTHA (%)
Aseptic Loosening 70.9 61.5
Dislocation 20.5 7.4

Fracture 1.2 2.7

Implant Failure 1.2 0.0

Infection 1.2 23.7
Instability 2.4 1.9
Unexplained Pain 2.4 2.3

Others 0.4 0.4




Tables 3

Table 3: The improvement of Harris Hip Scores at year 1.

Score ArTHA TrTHA
Improvement Mean + Mean + p-
atYear1 | " STDEV Range | n | grpey | Ran%e |0 e
Pain 186 | 24.14+11.55 | -24t044 | 180 | 26.41+11.12 | -10to 44 | 0.021
Function 172 | 1058+9.36 | -10to45 | 169 | 10.65+9.73 | -13t0 37 | 0.420
Total 133 | 34.73+17.37 | -29t069 | 127 | 36.59+15.89 | -10to 71 | 0.154




Tables 4

Table 4: Acute Medical Complications.

Medical Complications ArTHA TrTHA
Cardiac 1/11 3/34
Gastrointestinal 0/11 1/34
Infection 5/11 13/34
Nerve Injury 3/11 0/34
Renal 0/11 3/34
Respiratory 1/11 1/34
Wound Complications 1/11 8/34

>1 Complications 0/11 5/34




Tables 5

Table 5: Reasons for re-revision.

Indications ArTHA TrTHA
Aseptic Loosening 10/26 11/20
Dislocation 6/26 5/20
Infection 7126 4/20
Implant Failure 2/26 0/20
Periprosthetic Fracture 1/26 0/20
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