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Objectives

Our primary aim was to describe migration of the Exeter stem with a 32 mm head on highly
crosslinked polyethylene and whether this is influenced by age. Our secondary aims were to
assess functional outcome, satisfaction, activity, and bone mineral density (BMD) according
to age.

Patients and Methods

A prospective cohort study was conducted. Patients were recruited into three age groups:
less than 65 years (n = 65), 65 to 74 years (n = 68), and 75 years and older (n = 67). There
were 200 patients enrolled in the study, of whom 115 were female and 85 were male, with a
mean age of 69.9 years (sD 9.5, 42 to 92). They were assessed preoperatively, and at three,
12 and, 24 months postoperatively. Stem migration was assessed using Einzel-Bild-Rontgen-
Analyse (EBRA). Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC),
Harris Hip Score (HHS), Hip Disability and Osteoarthritis Outcome Score (HOOS), EuroQol-5
domains questionnaire (EQ-5D), short form-36 questionnaire (SF-36,) and patient satisfac-
tion were used to assess outcome. The Lower Extremity Activity Scale (LEAS), Timed Up and
Go (TUG) test, and activPAL monitor (energy expelled, time lying/standing/walking and
step count) were used to assess activity. The BMD was assessed in Gruen and Charnley zones.

Results

Mean varus/valgus tilt was -0.77° and axial subsidence was -1.20 mm. No significant differ-
ence was observed between age groups (p = 0.07). There was no difference according to
age group for postoperative WOMAC (p = 0.11), HHS (p = 0.06), HOOS (p = 0.46), EQ-5D
(p = 0.38), patient satisfaction (p = 0.05), or activPAL (p = 0.06). Patients 75 years and older
had a worse SF-36 physical function (p = 0.01) and physical role (p = 0.03), LEAS score (p <
0.001), a shorter TUG (p = 0.01), and a lower BMD in Charnley zone 1 (p = 0.02).

Conclusion

Exeter stem migration is within normal limits and is not influenced by age group. Functional
outcome, patient satisfaction, activity level, and periprosthetic BMD are similar across all
age groups.
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Article focus We assessed functional outcome, patient
To assess migration of the cemented satisfaction, activity, and bone mineral
Exeter stem using a relatively new bear- density according to age.

ing surface (32 mm head on highly
crosslinked polyethylene) and whether
this is influenced by age.

Key messages
Stem migration is within normal limits
and is not influenced by age group.
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Functional outcome, patient satisfaction, energy
expenditure, activity duration, and step count after
cemented total hip arthroplasty are not influenced
by age.

Strengths and limitations
A powered prospective cohort study with < 10% loss
to follow-up.
Short-term follow-up (24 months) is a limitation.

Introduction

The type of prosthesis used in primary total hip arthro-
plasty (THA) is influenced by the age and sex of the
patient, with female patients and those over 65 years of
age being more likely to receive a cemented prosthesis,
while younger patients may receive uncemented
designs.’ Over the last decade, there has been an evolu-
tion in cementless fixation, crosslinked polyethylene,
hard-on-hard bearings (metal and ceramic), and large-
diameter head sizes. Despite generally higher costs and
theoretical supporting data, some innovations have not
performed as well as anticipated.? Registry data and clini-
cal studies have demonstrated that the cemented Exeter
THA (26 mm and 28 mm metal head on a non-crosslinked
polyethylene socket) provides excellent function and
long-term survival.3* The long-term success of the
cemented Exeter design has, therefore, emerged as the
benchmark design.> Despite the cemented Exeter THA
providing quality in terms of clinical performance with
comparatively modest implant expenditure, polyethyl-
ene wear and dislocation remain problematic.

Ultra-high-molecular-weight polyethylene (UHMWPE)
has been the preferred acetabular bearing material for
over 30 years.6 Performance and survivorship have been
hindered by its inability to resist wear in the longer
term.” Attempts to minimize this have led to the devel-
opment of highly crosslinked polyethylene such as X3
(Stryker Orthopaedics, Mahwah, New Jersey), which has
shown a reduction in volumetric wear rate when com-
pared with conventional UHMWPE.8 Younger patients
or those who are more active could benefit from this
bearing surface with a potentially increased survival rate
of the implant.® Another benefit of this new polyethyl-
ene is that thinner components may be used, which in
turn allows the use of larger head sizes and could lower
the rate of dislocations.’%1" Whether this new bearing
surface and a larger head influences the stress upon the
stem remains unknown.

The hypothesis of this study is that a cemented THA
with a 32 mm head size and crosslinked polyethylene
will result in a greater rate of stem migration and that
this will be more prominent in younger patients who are
potentially more active and who have greater functional
demands and secondary increased periprosthetic bone
mineral density (BMD). The primary aim of this study

was to describe femoral stem migration in patients
undergoing a cemented Exeter THA with a 32 mm head
on a highly crosslinked polyethylene acetabular compo-
nent and whether this is influenced by age. Secondary
aims were to assess functional outcome, patient satisfac-
tion, activity, and periprosthetic BMD after THA accord-
ing to age.

Patients and Methods

During a 22-month period (July 2012 to April 2014), 200
patients listed for a THA at the study centre were prospec-
tively identified and asked to enrol within the study.
Inclusion criteria were: primary THA; primary diagnosis of
non-inflammatory degenerative joint disease; and admit-
ted to the study centre under the care of participating
surgeons. Exclusion criteria were: refusal or inability to
provide informed consent; revision THA; inflammatory
joint disease; morbidly obese (body mass index (BMI)
> 40 kg/m?2); patients unsuitable for a standard rim-fit
socket design (whereby eccentric flange or other solution
required); neuromuscular dysfunction of the trunk and
lower limbs that may increase the dislocation rate and
would limit the ability to assess the performance of the
device, in which case the clinician may also prefer another
device; inability to answer questionnaires for cognitive
reasons; or patient requesting an alternative implant.
Patients were originally categorized into four groups: less
than 55 years; 55 to 64 years, 65 to 74 years; and 75 years
and older. However, due to slow recruitment into the less
than 55 years age group, this group was combined with
those aged 55 to 64 years, and therefore this resulted in
three groups: less than 65 years; 65 to 74 years; and 75
years and older.

Radiological outcomes measured. Einzel-Bild-R6ntgen-
Analyse -femoral componentanalysis (EBRA-FCA, University
of Innsbruck, Austria) software was used to assess implant
migration.’> A single independent observer (RB) per-
formed all radiological measurements. The EBRA-FCA
software measures axial migration (millimetres), as well
as tilting (°), in the coronal plane. Standard anteroposte-
rior pelvic radiographs were obtained postoperatively at
three-, 12-, and 24-month follow-ups. The radiographs
are calibrated using the known diameter of the femoral
head. A total of 19 reference points were defined on the
femoral head, stem, femoral cortex, and greater and lesser
trochanters for the three consecutive radiographs.

The BMD was measured using dual-energy X-ray
absorptiometry (DEXA) preoperatively and at three-, 12-,
and 24-month follow-ups. Due to cost and ethical con-
straints (radiation exposure), a subgroup of 24 patients
consented to undergo DEXA scans (less than 65 years
(n=7);65to 74 years (n = 7); 75 years and older (n = 10)).
The BMD was assessed for each of the seven Gruen
zones'3 of the femoral component, and the three Delee
and Charnley zones'* for the acetabular component.
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Functional outcomes measured. Validated patient-reported
outcome measures were used to assess function preop-
eratively and postoperative at three, 12, and 24 months.

The Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC)'S used in this study was
the Likert version 3.1, standardized with English for a
British population. It consists of 24 self-administered
questions that were answered using the 5-point Likert
scale (none, mild, moderate, severe, and extreme). It was
reported for the three separate subscales: pain; physical
function; and stiffness. According to recent recommen-
dations, scores for each subscale were reported from 0
(worst) to 100 (best).¢

The Harris Hip Score (HHS) is a combined subjective
and objective assessment that contains eight items repre-
senting pain, walking function, activities of daily living,
and range of movement of the hip joint.’” The collective
score ranges from O (maximum disability) to 100 (no dis-
ability). The index consists of subjective questions relat-
ing to pain and activities of daily living over the previous
week, and objective assessments of hip function and
range of movement.

The Hip Disability and Osteoarthritis Outcome Score
(HOOS) was used to assess hip specific quality of life, and
each question was assessed using five Likert boxes (no,
mild, moderate, severe, extreme).8 All items were scored
from O to 4 and each of the five subscales was calculated
as the sum and transformed into a O (worst) to 100 (best)
scale. This was reported as a separate scale, in addition to
the WOMAC components.

The EuroQol (EQ) general health questionnaire eval-
uates five domains (5D) which include mobility, self-
care, usual activities, pain/discomfort, and anxiety/
depression.’ The 5L version of the EQ questionnaire
was used, with the responses to the five domains being
recorded at five levels of severity (no, slight problems,
moderate, severe, or unable/extreme problems). An
individual patient’s health state can be reported based
on a five-digit code for each domain, of which there are
3125 possible health states. Each health state was con-
verted to a single summary index by applying a weight-
ing. These are specific to the United Kingdom population
and are based on a time trade-off technique. This index
ison ascale of -1 to 1, where 1 represents perfect health,
and O represents death. Negative values represent a
state perceived as worse than death.

The short form-36 questionnaire (SF-36) is a generic
health status measure that contains 36 items, and
measures three major health attributes (functional sta-
tus, wellbeing, and overall health).2® There are eight
subscales (physical function, role limitations due to
physical health, bodily pain, general health, vitality,
social function, role limitations due to emotional health,
and mental health) that are ranked from O (worst) to
100 (best).

Patient satisfaction. Patient satisfaction was assessed at
three, 12, and 24 months following surgery by asking
four questions with a different focus: 1) “Overall how sat-
isfied are you with the results of your hip replacement
surgery?”; 2) “How satisfied are you with the results of
your hip replacement surgery for improving your ability
to do housework or yard work (such as cooking, clean-
ing, or gardening and raking leaves)?”; 3) “How satisfied
are you with the results of your hip replacement surgery
for improving your ability to do recreational activities
(such as taking walks, swimming, bicycling, playing golf,
dancing, going out with friends)?”; and 4) “How satisfied
are you with the results of your hip replacement surgery
for relieving your pain?”

The response to each question was recorded using the
four-point Likert scale: very satisfied; somewhat satisfied,;
somewhat dissatisfied; and very dissatisfied. The focus of
these questions has been previously determined by an
expert consensus panel and was thought to reflect vari-
ous facets of patient satisfaction.?’ These questions and
the four-point Likert assessment have been validated and
demonstrated to be reliable in measuring satisfaction
after arthroplasty.?!

Activity outcomes measured. Activity outcomes were
assessed preoperatively and postoperatively at three, 12,
and 24 months.

The lower extremity activity scale (LEAS) offers the
patient one of 18 options that best describes their level of
activity (Fig. a).22 This ranges from 1, which is defined as
“l'am confined to my bed all day”, which incrementally
increases up to 18, which is defined as “l am up and
about at will in my house and outside. | also participate in
vigorous physical activity such as competitive level sports
daily”.

The Timed Up and Go (TUG) test was performed as
originally described: the patient was timed while rising
from an armchair (approximate seat height 46 cm), walk-
ing at a comfortable and safe pace to a line on the floor
three metres away, turning and walking back to the chair
and sitting down again.?? The patient had a practice walk
before the assessment to become familiar with the test. A
faster time indicates a better functional performance.?3

ActivPAL (PAL Technologies Ltd, Glasgow, United
Kingdom) is a small uniaxial accelerometer and was used
to record energy expelled (metabolic equivalents (METs)
based on steps taken), time spent sitting/lying, standing,
walking, and step counts for seven days.? These were
assessed over a seven-day period and an average per-day
value was then calculated for each of the assessment
criteria.

Surgical procedure and implant. The surgery was per-
formed or supervised by one of seven consultant sur-
geons (including JH). A posterior approach was used to
approach the hip joint. A cemented Exeter stem was used
for all with a 32 mm femoral head and an X3 (RimFit,
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Table 1. Significant adverse events after enrolment in the study for the first
24 months after total hip arthroplasty (THA)

Study ID  Brief description Time from surgery, wks
017 Superficial wound infection 2

027 Dislocation 77

027 Dislocation 99

036 Falls secondary to bradycardia 51

052 Chest infection 57

072 Pneumonia and emphysema Before surgery*
073 Haematoma and aspiration 2

073 Dislocation 8

073 Dislocation 13

073 Dislocation 94

086 Dislocation 22

097 Death (ischaemic heart disease) 83

120 Spinal pain 38

134 Suspected TIA 95

135 Death (gut ischaemia) Before surgery
137 Pain right hip and pelvis 77

137 Dislocation 85

138 Leg swelling/suspected DVT 1

158 Shortness of breath 30

158 Catheter problems 76

165 Chest pain 34

181 Shortness of breath/collapsed 11

181 Falls 29

193 Falls 7

193 Back pain 56

200 Suspected hip fracture 1

*Patient was deemed not fit for surgery
TIA, transient ischaemic attack; DVT, deep vein thrombosis

Stryker Orthopaedics) cemented polyethylene socket
(Stryker Orthopaedics). A standardized rehabilitation pro-
tocol was used for all patients, with active mobilization
on the first day postoperatively.

Statistical analysis. Data analysis were performed using
Statistical Package for Social Sciences version 17.0 (SPSS
Inc., Chicago, lllinois). Student’s t-test, paired and
unpaired, and one-way analysis of variance (ANOVA) or
the Kruskal-Wallis rank test, with post hoc Bonferroni’s
correction for multiple testing, were used to compare
linear variables between groups. Dichotomous variables
were assessed using a chi-squared test. Spearman’s rank
correlation coefficient was used to assess the association
between the LEAS (ordinal) and step count. A p-value of
< 0.05 was defined as significant.

The study was powered to assess the primary outcome
of stem subsidence using EBRA-FCA, which is thought to
be accurate to = 1.5 mm.'2 To achieve a power of 0.95
and an alpha of 0.05 with correction for multiple testing
(Bonferroni’s) of the three groups using a known sp of
1.4,%5 it was calculated that 37 patients would need to be
recruited to each group, i.e. 111 patients in total. There
were 200 patients enrolled in the study, of whom 115
were female and 85 were male, with a mean age of 69.9
years (SD 9.5, 42 to 92).

Results
Significant adverse events were recorded for all patients
enrolled in the study (Table I). There were four dislocations

(two in the 65 to 74 years group and two in the 75 years
and older group), which was not significantly different
according to the age group (p = 0.39). Five patients were
excluded prior to surgery (Fig. 1). Of the remaining 195
patients, 64 were less than 65 years, 67 were 65 to 74
years, and 64 were 75 years and older, and there were no
significant (p = 0.24) differences in sex between the
groups (male patients n = 32, n = 43, and n = 40
respectively).

Radiological outcomes. There was no significant dif-
ference in EBRA for varus/valgus tilt or axial subsidence
between the groups (Table IlI), with an overall mean
varus/valgus tilt of -0.77° (sp 0.03) and axial subsidence
of -1.20 mm (sD 1.21). There were no significant differ-
ences in the Gruen zones between the groups, except for
zone 2 at 24 months where those patients less than 65
years had a significantly lower BMD than those 75 years
and older. There was a significantly lower BMD in Delee
and Charnley zone 1 at three, 12 and, 24 months for the
75 years and older group when compared with younger
age groups (Fig. 2), but this was not observed for zones
2 and 3 (Table II).

Functional outcomes. All groups had significant improve-
ments in all of the functional outcome measures assessed
(ANOVA, p < 0.001; Tables Il and IV). There was no sig-
nificant difference in the postoperative WOMAC scores,
HHS, HOOS, EQ-5D or for the bodily pain, general health,
vitality, social function, emotional role, and mental health
components of the SF-36 at any assessment point (Tables
Illand IV). Interestingly, physical function (Fig. 3) and role
components of the SF-36 were significantly greater at 12
and 24 months for the less than 65 years group when
compared with the 75 years and older group (Table IV).
Patient satisfaction. There was no significant difference
in patient satisfaction with pain relief, work, recreation,
or overall outcome between the groups (Table V). There
was a trend towards a greater percentage of satisfaction
in the 75 years and older group at three months; how-
ever by 12 and 24 months the rates were similar, with
> 91% of patients being satisfied with pain relief, work,
recreation, and overall outcome.

Activity outcomes. The 75 years and older group had a
significantly lower (worse) LEAS and a longer TUG test
time (Fig. 4) than those in the less than 65 years group
(Table VI). However, the 75 years and older group had
a significantly greater improvement (p < 0.001; 13.2
seconds) in their TUG test at 24 months when compared
with the less than 65 years (5.0 seconds) and the 65 to
74 years (3.6 seconds) groups. There were no significant
differences in postoperative energy expelled, time to
sit/lie, stand, walk, or step counts between the groups
(Table VI). Step count preoperatively was shown to cor-
relate significantly (r = 0.60; p < 0.001; Pearson’s cor-
relation coefficient) with step count at one year, with a
similar trend being observed for all age groups (Fig. 5).
There was a significant correlation between the LEAS
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Table Il. Radiological assessments after total hip arthroplasty according to age group

Radiological assessment Timepoint, mths n < 65yrs 65 to 74 yrs =75yrs p-value®
EBRA
Mean varus/valgus tilt, ® (sD) 3 139 0.14 (2.78) -1.11 (2.87) -1.01 (2.79) 0.08f
12 135 -0.12 (3.09) -1.11 (3.09) -1.33(2.85) 0.14%
24 120 0.30 (3.11) -1.22(2.92) -1.24 (2.91) 0.07%
Mean axial subsidence, mm (sD) 3to12 133 -0.78 (0.90) -0.70 (0.95) -0.56 (0.68) 0.48f
3to 24 111 -1.21 (1.03) -1.24 (1.39) -1.14 (1.20) 0.93%
Mean BMD, % (sD)
Gruen zone 1 3 23 11.0(10.0) 16.1(19.7) 6.4(10.4) 0.40
12 23 9.5(18.2) 20.4(37.7) 12.5(24.9) 0.75
24 22 4.0012.7) 13.5(28.5) 8.3(15.4) 0.67
Gruen zone 2 3 24 4.7 (8.8) -1.0(7.4) -1.7(12.4) 0.76
12 24 -8.9(7.9) 3.8(16.8) 11.1(19.7) 0.06
24 22 -14.5(12.9) -1.4(12.8) 13.1(28.1) 0.04%
Gruen zone 3 3 23 -5.9(6.4) -1.3(17.6) -2.9(15.8) 0.84
12 23 -6.5(9.4) 5.2(27.4) 0.6 (14.6) 0.50
24 21 -13.6 (10.6) -1.3(21.5) 2.1(31.0) 0.41
Gruen zone 4 3 24 4.9 (7.0) 7.3(15.2) -2.4(9.9) 0.11
12 24 -2.9(8.6) 10.0 (16.9) -3.5(36.2) 0.53
24 22 -3.2(6.7) 4.4(17.1) 4.3(22.8) 0.64
Gruen zone 5 3 23 -9.9(9.3) -6.1(10.6) -12.5(10.2) 0.46
12 23 -0.6(17.2) -5.5(9.8) -6.9 (9.3) 0.59
24 21 -0.4 (20.6) -10.8 (14.1) 0.2 (40.9) 0.71
Gruen zone 6 3 24 -15.4(11.9) -18.6 (15.0) -10.4 (11.1) 0.42
12 24 -9.9(11.6) -21.3(10.2) -13.2(8.6) 0.11
24 22 -21.8(16.4) -21.8(11.1) 0.19 (41.1) 0.21
Gruen zone 7 3 24 0.2 (20.1) 16.1(13.2) 9.7(32.0) 0.49
12 24 -5.3(20.6) 17.0 (25.5) 10.6 (31.1) 0.30
24 22 3.7 (49.5) -2.1(20.4) 5.3(33.3) 0.93
Charnley zone 1 3 23 11.0 (21.5) 20.9 (22.0) -18.3(17.2) 0.03%
12 21 19.8 (35.1) 33.7(30.7) -21.9(25.9) 0.04s
24 20 8.3(29.9) 38.0(34.4) -9.2(15.7) 0.021
Charnley zone 2 3 20 13.4(16.0) 25.5(25.4) 13.1(14.8) 0.43
12 22 11.9(18.3) 16.5 (25.0) 13.0(13.7) 0.90
24 21 14.5(12.4) 66.6 (17.7) 19.2(19.3) 0.32
Charnley zone 3 3 23 3.2(24.3) -5.0(23.5) -3.6 (24.5) 0.81
12 24 -1.0(27.3) -7.5(23.5) -15.4(9.6) 0.36
24 22 -1.5(21.5) -11.4(28.8) -7.5(19.0) 0.73

"ANOVA test unless otherwise highlighted.
tKruskal-Wallis rank test.
*Statistically significant between less than 65 years and 75 years and older only

SStatistically significant between less than 65 years and 75 years and older, and between 65 to 74 years and 75 years and older

fStatistically significant between 65 to 74 years and 75 years and older only
EBRA, Einzel-Bild-Réntgen-Analyse; BMD, bone mineral density

and step count preoperatively (r = 0.53; p < 0.001;
Spearman’s rank correlation coefficient) (Fig. 6), at three
months (r = 0.43; p < 0.001; Spearman’s), at 12 months
(r = 0.40; p = 0.002; Spearman’s), and at 24 months
(r =0.36; p = 0.02; Spearman’s) (Fig. 7).

Discussion

This study has shown no difference in cemented stem
migration when assessed by EBRA according to age
group. Interestingly, joint-specific functional outcome
was not influenced by age, as defined by groups, but
overall generic physical function and role were worse in
the 75 years and older group after THA. Patient satisfac-
tion, energy expelled, time lying/sitting, time standing,
time walking, and step rate were not influenced by age
after THA. However, subjective (LEAS) assessment of
activity highlighted a lower level of activity in those 75
years and older and a longer TUG test when compared
with those less than 65 years old. With the exception of

DelLee and Charnley zone 1, there was no significant dif-
ference in periprosthetic BMD between the age groups.
A limitation of this study was the defined age groups,
as some surgeons may suggest that patients less than 50
years old have different outcomes to older groups. The
original study aimed to have four groups, which would
have required 260 patients to be recruited. However,
recruitment of patients aged less than 55 years old was
slow. There may be several reasons for this: surgeon
equipoise; indication for THA; meeting inclusion/exclu-
sion criteria; forming a relatively small proportion of
patients undergoing THA at the centre; and younger,
physically fitter patients may have been placed on wait-
ing list initiatives outwith the NHS. The three defined age
groups used in this study form representative thirds
according to age. The mean age of patients undergoing
THA in the United Kingdom is approximately 70 years
(sb 10),26 therefore half the sp either side of the mean
would capture 34% of patients and was used to define
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erative measure for DeLee and Charnley zone 1 at three, 12, and 24 months
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and older (dark grey).

24

the 65 to 74 years group. The 33% of patients either side
of the 65 to 74 years group undergoing THA was then

Table I1I. Functional measures pre- and postoperatively according to age group
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used to define the other two groups. A second limitation
was the dropout rate of 26% (n = 52) after recruitment.
However, the main reason for this was either the patient
did not undergo surgery (n = 5) or did not receive the
allocated implant (n = 34). Of the 34 patients who
received a different implant, their preoperative demo-
graphics and functional scores were no different to the
study cohort (p > 0.1). Of the 161 patients who received
the correct implants, only 13 patients (8%) withdrew
from the study during follow-up to 24 months (Fig. 1).
The Exeter stem (Stryker Orthopaedics) relies on a
force closed system with controlled subsidence at the
interface between the implant and cement.?”28 The pol-
ished stem allows for settling without the creation of
debris from friction, which is thought to distribute an
even stress across the cement mantle.? Two minor
adaptations to the conventional Exeter system have been
used in this study, both with the potential advantages of
reduced wear with a crosslinked polyethylene socket
and lower dislocation rate with an increased head size of
32 mm.&11 Increasing head size can increase sliding dis-
tance and frictional torque applied to the stem. This
study has demonstrated, using EBRA-FCA, that stem
varus/valgus (mean -0.77° (sp 3.03)) and subsidence
(mean -1.20 mm (sp 1.21)) are within acceptable lim-
its.3031 However, no defined subsidence cut point exists
for predicting failure of the Exeter stem, but accepted
values of between 0.7 mm and 1.67 mm have been
reported.?,28 In addition, the current study found no
association of stem tilt or subsidence between the age

Mean score (sp) Timepoint n < 65yrs 65 to 74 yrs =75yrs p-value”
WOMAC (pain) Preoperative 192 31.3(17.2) 37.8(21.3) 39.5(18.5) 0.052
3 mths 141 79.7 (22.4) 87.4 (14.3) 85.7 (15.7) 0.13
12 mths 140 89.3(13.6) 88.8 (15.0) 91.5(14.2) 0.62
24 mths 130 89.5(18.6) 92.8(11.8) 84.7 (22.1)) 0.11
WOMAC (stiffness) Preoperative 188 34.1 (21.0) 38.5(24.1) 44.9 (23.3) 0.03%
3 mths 140 71.4(20.2) 78.6 (14.7) 76.4(17.7) 0.15
12 mths 136 84.2(18.5) 83.8(18.4) 82.8(19.0) 0.93
24 mths 127 81.4 (23.9) 86.6 (19.0) 80.3(23.7) 0.37
WOMAC (function) Preoperative 189 32.8(17.5) 37.2(21.1) 39.1(17.2) 0.16
3 mths 134 76.5(20.5) 80.4 (15.2) 75.3(17.4) 0.39
12 mths 142 87.8 (15.5) 84.1(17.3) 81.6 (20.4) 0.24
24 mths 132 86.8 (20.4) 84.0(19.8) 81.5(21.5) 0.48
HHS Preoperative 177 47.7 (12.8) 50.1 (15.0) 45.4 (13.3) 0.19
3 mths 129 79.2 (15.8) 78.5(15.8) 72.2(13.4) 0.15
12 mths 125 88.8 (14.0) 85.4 (14.6) 80.3(19.2) 0.06
24 mths 134 87.9(17.8) 89.2(11.0) 81.4 (18.1) 0.07
HOOS Preoperative 192 24.4 (15.3) 28.9(17.4) 27.8(16.3) 0.28
3 mths 145 62.9 (22.3) 62.5(17.7) 63.5(18.8) 0.97
12 mths 137 77.8 (21.1) 76.1(19.7) 81.3(20.2) 0.46
24 mths 132 79.8 (18.1) 78.4 (19.9) 80.0(25.2) 0.93
EQ-5D Preoperative 194 0.29 (0.12) 0.32(0.11) 0.46 (0.23) 0.53
3 mths 145 0.79 (0.16) 0.82(0.17) 0.63 (0.13) 0.38
12 mths 140 0.66 (0.14) 0.84 (0.19) 0.79 (0.22) 0.53
24 mths 135 0.84 (0.22) 0.66 (0.14) 0.60 (0.13) 0.57
"ANOVA test

fStatistically significant between less than 65 years and 75 years and older only

WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; HHS, Harris Hip Score; HOOS, Hip Disability and Osteoarthritis Outcome Score; EQ-

5D, EuroQol-5 domains questionnaire
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Table IV. Short form-36 questionnaire (SF-36) measures pre- and postoperatively according to age group

Component (mean, SD) Timepoint n < 65yrs 65to 74 yrs =75yrs p-value’
Physical function Preoperative 191 22.7 (15.4) 28.1(20.2) 19.3(18.0) 0.02%
3 mths 140 63.8 (26.1) 65.3(25.1) 47.1 (24.6) 0.004*
12 mths 141 74.2(27.7) 63.4 (30.3) 50.5 (31.4) 0.0018
24 mths 132 72.7 (28.0) 64.5 (30.0) 54.2(29.1) 0.018
Physical role Preoperative 187 27.2 (24.3) 30.7 (26.5) 30.1 (25.3) 0.71
3 mths 137 57.6 (28.6) 58.9 (26.8) 52.3(26.7) 0.74
12 mths 137 79.1 (28.6) 70.6 (29.9) 59.4 (32.3) 0.0078%
24 mths 129 77.7 (31.1) 65.6 (34.4) 59.0 (33.5) 0.038
Bodily pain Preoperative 191 20.4 (13.1) 30.2 (22.0) 28.1(20.2) 0.017
3 mths 142 58.8 (24.0) 67.8(21.0) 63.3(22.8) 0.18
12 mths 141 70.9 (27.1) 67.1(25.4) 62.9 (29.5) 0.37
24 mths 131 68.4 (30.1) 63.5(27.1) 58.7 (28.8) 0.31
General health Preoperative 180 57.7 (24.8) 67.6 (24.8) 62.6 (19.4) 0.07
3 mths 140 71.2(20.3) 72.6 (17.0) 69.0 (14.2) 0.58
12 mths 131 67.2(22.6) 65.0(23.1) 67.9 (17.6) 0.81
24 mths 126 68.6 (24.6) 68.5(22.8) 65.2 (22.0) 0.74
Vitality Preoperative 190 33.2(22.9) 45.8 (23.1) 40.2 (21.9) 0.06"
3 mths 138 53.4(21.5) 59.0(21.5) 53.0(17.9) 0.30
12 mths 141 63.4 (23.1) 58.2(21.5) 54.0 (23.6) 0.14
24 mths 129 63.5(22.6) 62.9 (21.3) 56.2(19.7) 0.20
Social function Preoperative 191 45.8 (26.7) 54.3 (31.2) 45.1 (29.4) 0.14
3 mths 142 76.9 (27.6) 80.5 (27.9) 70.8 (30.4) 0.25
12 mths 142 83.8(27.3) 84.2 (26.0) 72.6 (32.9) 0.08
24 mths 135 82.1(27.2) 80.4 (30.0) 72.9 (31.7) 0.29
Emotional role Preoperative 187 64.3 (32.5) 67.1 (38.4) 59.8 (37.8) 0.54
3 mths 141 75.6 (30.8) 81.7 (27.3) 73.8 (29.4) 0.40
12 mths 138 90.7 (18.5) 85.6 (25.5) 79.2(27.7) 0.08
24 mths 125 85.4(27.9) 80.3 (31.9) 74.6 (29.5) 0.28
Mental health Preoperative 189 64.2 (21.4) 71.8(20.3) 70.0 (20.0) 0.10
3 mths 138 72.7 (19.7) 78.5(18.5) 75.9 (16.0) 0.34
12 mths 141 77.9 (20.9) 79.3(16.7) 76.4 (18.6) 0.76
24 mths 129 78.1 (15.4) 77.5(18.7) 77.2(17.3) 0.98

"ANOVA test
fStatistically significant between 65 to 74 years and 75 years and older only

#Statistically significant between less than 65 years and 75 years and older, and between 65 to 74 years and 75 years and older

§Statistically significant between less than 65 years and 75 years and older only
TStatistically significant between less than 65 years and 65 to 74 years only
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Fig. 3
Physical function component of the short form-36 questionnaire (SF-36)

preoperatively and at three, 12 and 24 months for those less than 65 years
(white), 65 to 74 years (light grey), and 75 years and older (dark grey).

groups assessed, which supports the use of the cemented
Exeter stem in all age groups. The reported BMD in Gruen
zones is similar to that of an Exeter stem with a 28 mm
metal head on UHMWPE,32 which indicates no change in
stress loading in the proximal femur with a larger head
and different bearing surface. The current study also
found no evidence of stress shielding in Delee and
Charnley zones 1 or 2, in which there was an actual
increase in BMD of 6% and 15%, respectively, due to the
highly crosslinked polyethylene, which is a novel finding.
The reason why there was a significant decrease in BMD
in zone 1 at 24 months in the 75 years and older group
compared with those in the other two groups is not clear.
This may represent a type | error, but there was also a
significant difference at three and 12 months between
the 75 years and older group and the less than 65 years
old group.

There is conflicting evidence as to the influence of age
upon the functional outcome after THA.33 The current
study demonstrated no significant difference according
to age group for hip-specific measures assessed
(WOMAC, HHS, HOOS). This is supported by Judge
et al** and Clement et al®> using the Oxford Hip Score,
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Table V. Satisfaction after total hip arthroplasty according to age group

Satisfaction, n (%) Timepoint, mths Satisfied < 65yrs 65 to 74 yrs =75yrs p-value”
Pain 3 Yes (n = 141) 42 (91.3) 45 (97.8) 54 (100) 0.05
No (n = 5) 4(8.7) 1(2.2) 0(0)
12 Yes (n = 134) 42(97.7) 44 (100) 48 (96.0) 0.42
No (n = 3) 1(2.3) 0(0) 2(4.0)
24 Yes (n = 121) 36 (91.1) 43(97.7) 42(93.3) 0.51
No (n = 5) 1(8.9) 1(2.3) 3(6.7)
Work 3 Yes (n = 131) 41 (91.1) 43 (93.5) 47 (97.9) 0.36
No (n = 8) 4(8.9) 3(6.5) 1(2.1)
12 Yes (n = 130) 43 (100) 40 (90.9) 47 (94.0) 0.15
No (n = 7) 0 (0) 4(9.1) 3 (6.0)
24 Yes (n = 118) 36 (97.3) 41 (93.2) 41 (91.1) 0.51
No (n = 8) 1(2.7) 3(6.8) 4(8.9)
Recreation 3 Yes (n = 127) 39 (88.6) 43 (93.5) 45 (95.7) 0.42
No (n = 10) 5(11.4) 3(6.5) 2(4.3)
12 Yes (n = 124) 40 (95.2) 41 (91.1) 43 (87.8) 0.46
No (n =12) 2(4.8) 4(8.9) 6(12.2)
24 Yes (n = 114) 35 (94.6) 41 (93.2) 38 (86.4) 0.36
No (n=11) 2(5.4) 3(6.8) 6(13.6)
Overall 3 Yes (n = 141) 43 (93.5) 44 (97.8) 54 (100) 0.14
No (n = 4) 3(6.5) 1(2.2) 0 (0)
12 Yes (n = 134) 41 (95.3) 44 (97.8) 49 (98.0) 0.71
No (n = 3) 2(4.7) 1(2.2) 1(2.0)
24 Yes (n = 123) 35 (94.6) 43(97.7) 45 (97.8) 0.65
No (n = 4) 2(5.4) 1(2.3) 1(2.2)

*Chi-squared test

also a hip-specific measure, finding the effect of age was
less than the minimally important clinical difference. The
difference found in the SF-36 scores for physical function
and physical role, with patients 75 years and older hav-
ing significantly worse scores, has been observed previ-
ously after THA.3%36 This difference in the overall generic
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Fig. 4

Timed Up and Go (TUG) test preoperatively and at three, 12, and 24 months
for those less than 65 years (white), 65 to 74 years (light grey), and 75 years
and older (dark grey).

physical health of younger versus older patients is thought
to be due to ageing and overall physical deterioration
with ageing. Despite the lower overall generic physical
health scores after THA, older patients have been shown
to have a significantly greater rate of patient satisfac-
tion.3> The current study did not demonstrate a signifi-
cant difference in satisfaction rate between the age
groups, but patients 75 years and older had a 3% greater
rate of overall satisfaction than those less than 65 years
old.

Assessment of activity after THA, according to age, was
a novel aspect of this study. Subjective assessment of
activity 24 months after THA using the LEAS demon-
strated that, on average, the 75 years and older group
defined their activity as: “l am up and about at will in my
house and can go out and walk as much as | would like
with no restrictions (weather permitting)”. In contrast,
the less than 65 years and 65 to 74 years groups, on aver-
age, defined their activity as: “l am up and about at will in
my house and outside. | also work outside the house in
an extremely active job”. The LEAS was demonstrated to
correlate with step count at all timepoints, suggesting
that this is a subjective marker of activity level. However,
objective postoperative assessment of energy expelled,
time lying/sitting, time standing, and time walking or
step counts were not significantly different between the
age groups after THA. This finding is supported by Jeldi
et al3” who found function, according to the HHS, to be
the main predictor of activity but not absolute age. In
fact, pre- and postoperative activity times have been
shown not to change after THA, which is thought to be
due to fixed lifestyle choices.3® Interestingly, the only
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Table VI. Activity assessments pre- and postoperatively according to age group

Activity assessment Timepoint n <65yrs 65 to 74 yrs =75yrs p-value”
Mean LEAS (sD) Preoperative 193 8.7 (2.4) 7.9 (2.6) 7.52.2) 0.02%

3 mths 147 10.0 (2.6) 8.9 (2.3) 7.9 (2.0) < 0.001%

12 mths 140 12.5(2.8) 11.5(2.9) 8.7 (2.9) < 0.001%

24 mths 135 12.0(3.1) 11.6 (3.2) 9.0 (3.0) < 0.001%
Mean TUG, s (sD) Preoperative 189 16.0 (11.7) 14.9 (6.1) 26.5(35.9) 0.03%

3 mths 141 11.8(6.2) 12.3 (4.1) 14.9 (6.5) 0.03*

12 mths 124 9.9 (2.0) 11.9 (4.1) 17.1 (12.6) 0.001*

24 mths 114 9.0 (1.8) 11.3(2.9) 13.3 (4.0) 0.01%
Mean energy expelled, MET (sD) Preoperative 95 32.8(1.3) 32.3(1.4) 31.7 (0.9) 0.04%

3 mths 69 32.4(1.3) 32.5(1.4) 31.9(1.0) 0.24

12 mths 58 31.1 (1.4) 32.2(1.7) 31.4 (1.4) 0.11

24 mths 41 30.4(1.2) 31.1(1.5) 29.9 (1.5) 0.57
Mean time sitting/lying, hrs (sD) Preoperative 95 18.9 (1.8) 18.4 (2.7) 19.3(3.1) 0.40

3 mths 69 19.2(1.7) 18.5(2.5) 19.1 (2.1) 0.53

12 mths 58 18.3(2.2) 17.6 (2.9) 18.5(1.3) 0.44

24 mths 41 18.6 (2.0) 17.6 (2.7) 18.1 (1.3) 0.50
Mean time standing, hrs (sD) Preoperative 95 3.9(1.5) 4.5 (2.3) 4.0 (3.1) 0.58

3 mths 69 3.7(1.5) 4.4 (2.0) 4.1(1.9) 0.41

12 mths 58 3.4 (1.6) 4.3(2.2) 3.8(1.0) 0.27

24 mths 41 3.0(1.3) 4.0 (2.3) 3.3(0.8) 0.33
Mean time walking, hrs (sD) Preoperative 95 1.2 (0.6) 1.0(0.7) 0.6 (0.4) 0.04%

3 mths 69 1.1 (0.5) 1.1 (0.6) 0.8 (0.4) 0.08

12 mths 58 1.2 (0.5) 1.3(0.7) 1.0 (0.4) 0.25

24 mths 41 1.0 (0.6) 1.2 (0.6) 0.9 (0.4) 0.43
Mean step count, n (sb) Preoperative 95 5583 (3211) 4501 (3273) 2740 (1977) 0.001*

3 mths 69 5251 (2644) 4762 (3010) 3305 (2122) 0.06

12 mths 58 5370 (2524) 6071 (3256) 4344 (2195) 0.15

24 mths 41 4269 (2905) 5760 (3199) 3915 (2054) 0.56
*ANOVA test
fStatistically significant between less than 65 years and 75 years and older only
#Statistically significant between all groups
LEAS, lower extremity activity scale; TUG, Timed Up and Go; MET, metabolic equivalent
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Scatter plot with line of best fit (linear) according to age group between the preoperative step count and one year postoperative step count.
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Scatter plot with line of best fit (linear) between the preoperative lower extremity activity scale score and preoperative step count.
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Scatter plot with line of best fit (linear) between the 2 years postoperative lower extremity activity scale score and 2 years postoperative step count.

objective test to be significantly different between the while there was no difference in hip-specific function
age groups was the TUG test, with older groups havinga according to age. The SF-36 physical function and physi-
longer TUG time. This may reflect the overall physical cal role have been shown to correlate with the TUG test
function of the patients, rather than their hip-specific and may explain why this is longer in the older age
function, as the SF-36 physical function and role scores groups, due to other physical limitations, may not be a
were significantly worse in those 75 years and older, marker of hip function but of overall physical health.3°
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In conclusion, the rate of stem migration with a 32

mm head size on crosslinked polyethylene is within nor-
mal limits and is not influenced by age group. Functional
outcome, satisfaction, activity level, and periprosthetic
BMD are similar across all age groups.

Supplementary material

Figure showing the lower extremity activity scale
(LEAS), which assesses a patient’s activity level preop-

eratively and postoperatively at three, 12, and 24 months.
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