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a b s t r a c t

Background: Little is known about the survival of total hip arthroplasty implants with bioactive coatings
beyond the first 20 years. The authors aimed to report survival of a tapered hip stem fully coated with
hydroxylapatite (HA) at follow-up of 25-30 years.
Methods: Of the original series of 320 patients (347 hips), 12 patients (12 hips) had stem and cup re-
visions, 54 patients (55 hips) had cup revisions, 17 patients (17 hips) had liner exchange. A total of 207
patients (225 hips) died with stems in place and 21 patients (24 hips) could not be reached. This left a
cohort of 80 patients (86 hips) with their original stem for assessment. Survival was analyzed using the
Kaplan-Meier (KM) method and cumulative incidence function (CIF).
Results: Considering stem revision as endpoint, the revision risk calculated using the KM method was
6.3%, whereas using the CIF it was 3.7%. Considering any reoperation as endpoint, the revision risk
calculated using the KM method was 41.2%, whereas using the CIF it was 25.9%. The Harris Hip Score for
77 patients (18 hips) was 81.6 ± 15.2. Standard x-rays were available for 52 hips (49 patients), and 10
(19.2%) showed radiolucencies <2 mm thick.
Conclusion: This study is the first to report outcomes of an HA-coated stem beyond 25 years. The survival
of stem compares favorably with long-term survival of the Charnley cemented stem, and with shorter-
term registry studies. The stem achieved its intended purpose of total osteointegration in the long-
term, although the proximolateral region remains susceptible to radiolucencies.

© 2017 Elsevier Inc. All rights reserved.

Total hip arthroplasty (THA) was introduced over 50 years ago,
and its long-term survival is well documented in numerous clinical
studies [1e5] and registry investigations [6e10]. There are few
published studies, however, that report implant survival beyond 20
years [5,11e16]. Even fewer articles report survival beyond 30 years,
and they all concern the Charnley cemented stem design [17e22],

with common limitations because of long inclusion periods (>40
years) [19] or high proportions of deceased patients (~90%) [20].

The CORAIL uncemented stem, introduced 30 years ago, is made
of titanium alloy (TA6V) that is roughened by corundumization. It is
coatedwith a thick layer of hydroxylapatite (HA) [23] over its entire
intramedullary surface, with the aim of enabling osteointegration
at different zones, regardless the bone morphology and load dis-
tribution. The stem has a double-taper geometry, in both frontal
and sagittal planes, tomaximize stereostability. The first generation
(1986) was available in 6 sizes, although its second generation
(2002) is currently available in 11 sizes. The clinical and radio-
graphic outcomes of this hip stem are well documented in clinical
studies and registry investigations [24e33].

The clinical and radiographic outcomes of the first consecutive
series of THAs using the CORAIL stem [34] have already been
reported with survival analysis at follow-up of 20-25 years [16].
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The goal of the present study was therefore to update and report
the clinical and radiographic outcomes of this original series at
follow-up of 25-30 years, calculate the survival for different end
points, and analyze the long-term failure mechanisms.

Materials and Methods

The records of all 347 consecutive THAs performed between
1986 and 1990 by one surgeon (AM) using the CORAIL stem (DePuy,
Leeds, UK) were reviewed. The series comprised 320 patients aged
63.3 ± 11.3 years (median 65 years; range 20-89 years) at the index
operation, with body mass index of 25.8 ± 4.0 kg/m2 (median 25.5
kg/m2; range 16.4-41.3 kg/m2). Their gender distribution was
balanced, with 167 men (181 hips) aged 62.0 ± 11.2 years (median
63 years; range 20-87 years) and 153 women (166 hips) aged 67.2 ±
10.6 years (median 68 years; range 41-89 years).

The indications for surgery were degenerative osteoarthritis in
270hips (78%), avascularnecrosis in21hips (6%), congenital dysplasia
in 20 hips (6%), femoral neck fracture in 15 hips (4%), posttraumatic
arthritis in 7 hips (2%), rheumatoid arthritis in 4 hips (1%), epi-
physiolysis in 4 hips (1%), and other reasons in 6 hips (2%). The pre-
operative Charnley classification [35,36] was used to stratify patients
into 3 levels depending on theirwalking ability, whichwas of grade A
(single joint arthropathy and no significant medical comorbidity) in
225 hips (65%), grade B (one other joint in need of a primary or
revisionarthroplasty) in60hips (17%),gradeC (multiple joints inneed
of primary or revision arthroplasty or significant health impairment)
in 25 hips (7%), and unspecified for 37 hips (11%). All hips were
operated through the anterolateral Watson-Jones approach. Most
were implanted with collarless stems (n ¼ 270), but some received
collared stems (n ¼ 77), because the required collarless size was not
available in hospital stock on the day of surgery. The acetabular
components comprised 7 full-PE cemented cups, 268 titanium-
backed press-fit uncemented cups roughened and coated with HA,
72 titanium-backed threaded uncemented cupswith smooth surface
and no HA coating (of which 42 dual mobility “Bousquet” cups).

Patients were contacted by telephone and/or mail to update
their records. If patients were deceased, their general practitioner
or next of kinwas contacted to confirm the date and cause of death,
and whether any of their THA components had been revised. From
the initial 320 patients (347 THAs), 12 patients (12 hips) had stem
and cup revisions, 54 patients (55 hips) had cup revisions, 17 pa-
tients (17 hips) had PE liner exchange, and 2 patients (2 hips) had
lavage and/or debridement without implant removal (Fig. 1). A total
of 207 patients (225 hips) had died with their original stems in
place and 21 patients (24 hips) could not be reached, but their most
recent follow-up records indicated that none had stem revisions

(Table 1). This left a cohort of 80 patients1 (86 hips2) living with
their original stem for outcome assessment.

All patients were invited for clinical and radiographic evalua-
tion; 37 were examined at the clinic, whereas 40 were surveyed by
telephone as they were unable to travel because of limited mobility
or poor health, and 3 were not surveyed as they were bedridden or
confined to nursing homes. The clinical questionnaire included the
Harris Hip Score (HHS) and a subjective evaluation of overall pa-
tient satisfaction. The radiographic examination included weight-
bearing pelvis anteroposterior (AP) x-rays as well as AP and
lateral x-rays centered on the hip joints. Two surgeons (AM and LJ)
analyzed the most recent and previous x-rays following a standard
evaluation form. The proximal femur was inspected for stem
proximodistal subsidence (mm) or varus and/or valgus tilt ("),
extent of calcar resorption (demineralization, remodeling, minor
loss, major loss, or cyst formation), as well as osteolysis of cortical
or cancellous bone, reactive lines, or radiolucencies (<2 or >2 mm)
in the 14 Gruen zones. The acetabulum was inspected for cup
medialization (mm), ascension (mm) and/or inclination ("), poly-
ethylene (PE) wear (distance between centers of prosthetic head
and cup, mm), as well as condensation, osteolyses, cyst formation,
or radiolucencies (<2 or>2mm) in the 3 DeLee and Charnley zones.
All patients provided informed consent to use their data for
research and publishing purposes.

Survival analysis was performed for 3 different end points: (1)
revision of the femoral stem for any reason; (2) revision of the
acetabular cup for any reason; and (3) reoperation or revision of
any component for any reason. The authors calculated implant
survival using the Kaplan-Meier (KM) method and using the cu-
mulative incidence function (CIF), both of which were deemed
important for this study. The KM survival is most commonly re-
ported for joint arthroplasty and enables direct comparison with
published survival data, whereas the CIF is recommended for
reporting survival at 10 or more years, where risks of revision are
overestimated because of greater proportions of patients deceased
and/or lost to follow-up [37e42].

Statistical Analysis

Statistical analyses were performed using R, version 3.3.2
(R Foundation for Statistical Computing, Vienna, Austria).

Fig. 1. Flowchart indicating numbers of patients (hips) in the original cohort, death, lost to follow-up, and all revisions or reoperations. PE, polyethylene.

1 80 patients ¼ 320 initial cohort e 12 stem revisions e 207 died with stem in
place e 21 lost to follow-up.

2 86 hips ¼ 347 initial cohort e 12 stem revisions e 225 died with stem in
place e 24 lost to follow-up.
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Descriptive statistics were used to summarize the data. For non-
Gaussian quantitative data, between group differences were eval-
uated using Wilcoxon rank sum tests (Mann-Whitney U test).
Categorical datawere analyzed using chi-square tests. P values <.05
were considered to be statistically significant.

Results

From the original 320 patients (347 hips), aged 63.3 ± 11.3
years (median 65 years; range 20-89 years) at the index opera-
tion, only 80 patients (86 hips) were confirmed to be presently
living with the original stem in place (Fig. 1), now aged 83.0 ± 8.4
years (median 84 years; range 57-101 years). It is worth noting
that for this series, the cumulative risk of mortality was greater
than the cumulative risk of revision. The remaining cohort
comprised 40 men (43 hips) and 40 women (43 hips), assessed at
mean follow-up of 26.8 ± 1.2 years (median 27 years; range 25-
30 years). Of the 80 remaining patients, 28 patients (28 hips) had
a revised acetabular cup and 8 more patients (8 hips) had a
revised PE insert or femoral head.

Considering revision of the femoral stem as end point, the
revision incidence (1 e survival) calculated using the KM method
was 6.3% (confidence interval [CI] 3.5%-11.0%), whereas using the
CIF it was 3.7% (CI 1.6%-5.8%) (Fig. 2). Of the 12 revised stems, the
causes of revision were:

# “total” aseptic loosening in 1 patient, with persistent thigh pain,
confirmed by stem macromobility observed during revision
surgery;

# “partial” aseptic loosening in 5 patients, with sporadic thigh
pain, indicated by extensive granulomas observed on x-rays;

# sepsis in 1 patient;
# sizematching issue between femoral head and acetabular cup in
1 patient; and

# late periprosthetic fracture in 4 patients.

Fig. 2. Risk of revision (reciprocal of survival) calculated using the KM and CIF considering revision of the femoral stem as end point. CIF, cumulative incidence function; KM,
Kaplan-Meier method.

Table 1
The 21 Patients Who Could Not Be Reached (Lost to FU).

Age at Surgery Revisions Most Recent FU, y

66 Cup (at 22 y) 22
59 22
61 21
49 21
68 20
67 20
20 Cup (at 13 y) 16
69 15
78 13
69 12
67 10
52 Cup (at 10 y) 10
41 Cup (at 5 y) 9
41 6
79 4
63 3
66 Cup (at 1 y) 1
62 0.5
75 0
78 0
77 0

FU, follow-up.
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Fig. 4. Risk of revision (reciprocal of survival) calculated using the KM and CIF considering any revision or reoperation as end point.

Fig. 3. Risk of revision (reciprocal of survival) calculated using the KM and CIF considering revision of the acetabular component as end point.
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Considering revision of the acetabular cup as end point, the
revision incidence (1 $ survival) calculated using the KM method
was 32.2% (CI 25.9%-39.6%), whereas using the CIF it was 20.8% (CI
16.3%-25.2%) (Fig. 3). Most acetabular cups were revised for wear of
the PE insert, which often led to component loosening.

Considering any reoperation or revision of any component as
end point, the revision incidence (1$ survival) calculated using the
KM method was 41.2% (CI 34.2%-48.9%), whereas using the CIF it
was 25.9% (CI 21.1%-30.6%) (Fig. 4).

Clinical assessment was performed by one surgeon (LJ) on 77
patients (82 hips). The 3 other patients (4 hips) could not be eval-
uated because they were bedridden or confined to nursing homes
(aged 88, 90, and 94 years), but their general practitioner or next of

kin confirmed that their original stem was still in place, and that
they had no other reoperations. The mean HHS was 81.6 ± 15.2
(median 85; range 37-100) with excellent or good scores for 45
patients (58%) (Table 2). Seventy-three patients (96%) responded
that they were still satisfied with their operation.

Standard AP and lateral x-rays were available for 49 patients (52
hips). The 31 other patients (34 hips) were unable or unwilling to
travel to a radiology center because of poor health or advanced age.
There were no signs of implant subsidence, tilt, or cortical hyper-
trophy. By contrast, an 83-year-old woman with osteopenia had
cortical atrophy in Gruen zone 5 (Fig. 5), and a granuloma in Gruen
zone 2 due to PE wear. Radiolucencies <2 mm thick were observed
around 10 stems (19.2%); 7 femora had radiolucencies only in
Gruen zone 1, whereas 2 femora had radiolucencies in Gruen zones
1 and 8, and 1 femur had radiolucencies in Gruen zones 7 and 14.
Reactive lines, defined by a layer of cortical ossification parallel to
the stem surface, separated by 1 or 2 mm of radiolucent tissue,
were observed around 4 stems (7.7%); 3 femora had reactive lines
only in Gruen zone 1, whereas 1 femur had reactive lines in Gruen
zones 1 and 8. There were signs of calcar remodeling in 14 hips
(26.9%) (Fig. 6) and calcar lysis (<5 mm) in 4 hips (7.7%) (Fig. 7).
Evidence of stress-shielding, marked by proximal cortical atrophy
without distal cortical hypertrophy, was observed in only 1 hip

Fig. 5. (A) Immediate postoperative (patient aged 53 years) and (B) last follow-up (30 years) coronal x-rays showing good osteointegration and no radiographic signs. The patient
had undergone revision of the acetabular component 13 years after the index operation, but the original stem is still well-fixed in place.

Table 2
Clinical Scores Regrouped Per Outcome.

Categories Harris Hip Score, n ¼ 77

Score n %

Excellent %98 13 16.9
Good %80 32 41.6
Fair %60 25 32.5
Poor <60 7 9.1
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(1.9%). Radiographic signs were not observed in the few cases with
under-sized or mal-aligned stems (Fig. 8).

Of the 77 collared stems implanted, only 1 had been revised
(1.3%); whereas, of the 270 collarless stems implanted, 11 had been
revised (4.1%) (P¼ .240). Of the 82 hips evaluated clinically, the HHS
was better for the 20 hips with collared stems (87.0 ± 10.9; median
91.9; range 68-100) than for the 62 hips with collarless stems (79.6
± 16.2; median 81.9; range 37-100) (P ¼ .084). The satisfaction rate
for the 20 patients (20 hips) living with collared stems was 100%,
whereas for the 57 patients (62 hips) living with collarless stems it
was 94.7% (P ¼ .295).

Discussion

The aim of the present study was to report the long-term out-
comes and survival of the CORAIL hip stem. By virtue of their
advanced age at index operation (63.3 ± 11.3 years; range 20-89
years), and because of the long follow-up period (26.8 ± 1.2 years;
range 25-30 years), many patients had died (64.6%) and some were
lost to follow-up (6.5%). The 80 remaining patients represent a
quarter of the initial cohort (25%), some of whom have impaired
function and mobility due to pathologies unrelated to the hip. Over
one-third of the patients on file had undergone revision of the
acetabular cup or liner (35%), although most patients remain
satisfied (96%).

The only published studies reporting survival of THA at 25 years
or longer are on the Charnley cemented stem [17e22], with com-
mon limitations due to long inclusion periods (>40 years) [19] or
high proportions of deceased patients (~90%) [20]. The original
series of Charnley THAs had 51 of the original 262 patients (19.5%)
living and available for follow-up at a minimum of 25 years [18].
The high incidence of deaths and losses to follow-up in survival

studies that extend beyond 10 years renders traditional KM esti-
mates somewhat invalid, because the competing risks exaggerate
the perceived revision rates [37e42]. For this reason, the CIF is
recommended as an alternative or complement, although this
method was only recently introduced in orthopedic research
[15,37,39].

Using the KMmethod, the 30-year survival of our present series
is 93.6% considering stem revision as end point, 67.4% considering
acetabular revision as end point, and 58.5% considering any reop-
eration or revision as end point. Our estimates compare favorably
with the 30-year survival of the Charnley THA [18], which were 91%
considering stem revision for aseptic loosening as end point, 87%
considering acetabular revision for aseptic loosening as end point,
and 76% considering revision for any reason as end point. It is
important to note the differences in end points used in the present
study that considers all component revisions, compared with the
end points used in the Charnley studies that consider only revisions
for aseptic loosening, and could therefore underestimate real
revision rates.

Comparing revision rates for the present series using the KM
and CIF estimates reveals that the former exaggerates revision rates
by 59%-65%. Nevertheless, the KM estimate is the most frequently
reported so far, and remains the only option for comparison with
other THA survivals reported in the literature. To our knowledge,
there are few studies reporting outcomes and survival of unce-
mented stems beyond 20 years of follow-up (Table 3)
[1,2,5,12,43e46]. Streit et al [43] reported 22-year survival of 86%
in 354 CLS stems (Zimmer) without reporting clinical scores.
Lombardi et al [45] reported 20-year survival of 96% in 196Mallory-
Head stems (Biomet) with a mean HHS of 83 (range 18-100). Corten
et al [2] also reported 20-year survival on 126 Mallory-Head stems
of 99% without clinical scores. McLaughlin and Lee [47] published

Fig. 6. (A) Immediate postoperative (patient aged 54 years) and (B) last follow-up (25 years) coronal x-rays showing signs of calcar remodeling without osteolysis.
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29-year survival rate of 90% in 145 Taperloc stems (Biomet) with a
mean HHS of 92 (range 70-100). Belmont et al [12] reported
20-year survival of 98% in 223 AML uncemented stems without
clinical scores. Finally, Meding et al [5] reported 20-year survival of
89% on 157 Bi-Metric stems (Biomet) with a mean HHS of 87 (range

57-100). Direct comparison of the aforementioned outcomeswould
be inappropriate, not only because of the different end point defi-
nitions and follow-up periods, but also because of considerable
design variations for some of the stems. Nationwide arthroplasty
data are rarely available at follow-up longer than 15 years, but it is

Fig. 7. (A) Immediate postoperative (patient aged 60 years) and (B) last follow-up (26 years) coronal x-rays showing limited signs of osteolysis.

Fig. 8. (A) Preoperative and (B) immediate postoperative (patient aged 41 years) coronal x-rays of a hip corrected by valgus osteotomy; (C) coronal and (D) lateral x-rays at last
follow-up (28 years) proving no change in alignment nor any radiographic signs despite initial valgus of stem.
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worth mentioning the recent study of Hailer et al [10]
who analyzed 116,069 THAs performed using 11 different
brands of uncemented stems, from the Nordic Arthroplasty
Registry Association (4 countries). The reported unadjusted 10-
year survival was 92% considering revision of any component
for any reason as end point and 97.8% considering stem revision
as end point.

In the present series using the CORAIL stem, despite the inci-
dence of acetabular osteolysis due towear of PE inserts, the femoral
fixation was seldom affected beyond the proximal calcar region.
Periprosthetic bone remodeling was limited, and in most cases
proved natural, by comparison with the intact contralateral hip.
Comparison of serial radiographs revealed great stability of stem
fixation beyond 25 postoperative years. Radiolucencies observed
around 23.1% of stems were mostly seen in the proximolateral re-
gion, all <2 mm thick, probably due to PE wear particles. Reactive
lines observed around 7.7% of stems were only seen in the prox-
imolateral region, all nonprogressive and not regarded as signs of
loosening [48]. Only 1 granuloma was observed in Gruen zone 2
due to PE wear. Our radiographic observations indicate that the
fully HA-coated stem achieves its intended purpose of total
osteointegration in the long-term, but that the proximolateral re-
gion is susceptible to radiolucencies, likely due to PE wear and
advanced age.

The present series comprised a majority of collarless stems
(78%), although the minority of collared stems (22%) rendered a
lower revision rate (1.3% vs 4.1%), a better median HHS (91.9 vs
81.9), and a greater patient satisfaction (100% vs 94.7%). Although
none of these differences were statistically significant, possibly due
to insufficient sample size, they could be related to coverage of the
proximal calcar region by the collar, which might act as a shield to
PE particles, and hence prevent aseptic loosening.

The present study has several limitations, notably the propor-
tion of patients lost to follow-up, which is inevitable in long-term
studies involving patients of advanced age at index surgery.
Another limitation was that only one score, the HHS, was used for
clinical evaluation, which could limit the extent of conclusions
drawn. Furthermore, some patients who were unable to travel to
the clinic because of advanced age or limited mobility had to be
assessed bymeans of telephone consultations, which do not permit
full appreciation of the range of motion and function. Inability to
commute or travel had reduced the number of x-rays available for
radiographic assessment to 60% of the remaining cohort. Never-
theless, the study has a number of strengths, notably its long
follow-up, being the first study to report results for an uncemented
hip stem beyond 25 years. The series is also consistent in terms of
surgical technique and implant design, by virtue of the concise

inclusion period of 5 years, and because patients were operated by a
single surgeon.

Conclusion

The present study is the first to report outcomes and survival of
an HA-coated hip stem beyond 25 years of follow-up. The KM
survival considering stem revision as end point, is 93.7%, which
compares favorably with long-term survival of the Charnley
cemented stem, and with shorter-term arthroplasty registry
studies. The fully HA-coated stem achieved its intended purpose of
total osteointegration in the long-term, although the proximo-
lateral region remains susceptible to radiolucencies.
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