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Aims

Hydroxyapatite (HA)-coated collars have been shown to reduce aseptic loosening of massive
endoprostheses following primary surgery. Limited information exists about their effective-
ness in revision surgery. The aim of this study was to radiologically assess osteointegration to
HA-coated collars of cemented massive endoprostheses following revision surgery.

Methods

Retrospective review of osseointegration frequency, pattern, and timing to a specific HA-
coated collar on massive endoprostheses used in revision surgery at our tertiary referral cen-
tre between 2010 to 2017 was undertaken. Osseointegration was radiologically classified on
cases with a minimum follow-up of six months.

Results

In all, 39 patients underwent radiological review at mean 43.5 months; 22/39 (56.4%)
showed no osseointegration to the collar. Revision endoprostheses for aseptic loosening
were less likely to show osseointegration compared with other indications for revision. On-
cological cases with previous or current infection were more likely to show osseointegration
to = 1 collar side than those without evidence of prior infection.

Conclusion

This seven-year review identified osseointegration of HA-coated collars after revision surgery
is less likely (43.6%, 17/39) than after primary surgery. Young patients who undergo revision
surgery following initial oncological indication may benefit the most from this collar design.
Use in revision oncological cases with a history of infection may be beneficial. HA-coated
collars showed limited benefit for patients undergoing revision for failed arthroplasty with
history of infection.
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Massive endoprosthetic arthroplasty is a
well-established method of limb reconstruc-
tion in orthopaedic oncology after tumour
resection, and for complex revision arthro-
plasty. In revision surgery, the biological
environment may influence outcomes and
make reconstructive surgery challenging.'*

Aseptic loosening is the most common
indication for revision surgery after
cemented and uncemented massive endo-
prosthetic reconstruction,>*”12  reported
in up to 35% of primary distal femoral

and up to 46% of proximal tibial arthroplas-
ties.*®" It is likely a consequence of cortical
bone loss at the bone-implant interface,
followed by progressive osteolysis along
the implant stem as a result of mechanical
forces through it.>101516

Previous studies have shown that when
osseointegration occurs implants are less
likely to show failure, especially aseptic loos-
ening.”” Hydroxyapatite (HA) is an osteo-
conductive agent, usually plasma coated in
a thin layer onto orthopaedic implants to
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promote bone on-growth. HA-coated collars have been
used on massive endoprosthetic arthroplasties since 1992
to encourage extracortical bone growth, bone bridging
and osseointegration, and reduce the development of
radiolucent lines around the cemented stem associated
with loosening.*®" Extra-cortical bone-bridging and
osseointegration at the bone-collar interface may improve
the transfer of mechanical forces between implant and
bone, reducing load on the stem and cement mantle
thereby reducing mechanical loosening.>"7-20 Extra-
cortical bone fixation to the implant may also prevent
aseptic loosening by creating a “biological purse string”,
a physical barrier preventing migration of wear particles
and associated osteolysis.?!

Osseointegration to HA-coated collars varies after
primary endoprosthetic implantation. Between 65% to
81% of implants show osseointegration on > 1 collar side
over two to 18 years. *"" Where osseointegration is seen
on 2 1 side of the HA-coated collar in primary endopros-
thetic implantation, implant survival can be up to 98% at
ten years. &' Failure of primary surgery is influenced by
differences in biological environments such as infection,
periprosthetic bone loss, and implant loosening. These
factors may influence osseointegration following revision
surgery.!%6

Clinical experience at our tertiary referral centre
suggested osseointegration to the HA-coated collar was
less likely after revision than primary surgery. To date, no
studies are available that have investigated the outcomes
of the use of massive endoprosthesis with HA-coated
collars in revision surgery. This likely reflects the limited
number of specialist centres that undertake high volume
complex revision surgery. Additionally, no previous
studies have reported at what time postoperative osse-
ointegration first occurs.

The aim of this study was to radiologically assess osse-
ointegration at HA-coated collars of cemented massive
endoprostheses following revision surgery, and to deter-
mine if specific clinical factors influenced outcomes. Addi-
tionally, to determine at what time point postoperatively
osseointegration starts to occur.

Methods
This single-centre, retrospective cohort review identified
patients using the hospital (Royal National Orthopaedic
Hospital, Stanmore, UK) coding system as having under-
gone massive endoprosthetic revision surgery between
2010 and 2017. Inclusion criteria were revision of lower
limb massive endoprosthesis, implantation of new endo-
prosthesis with a specific HA-coated grooved collar design
(Stryker, USA (previously Stanmore Implants Worldwide,
UK)), and a minimum of six months postoperative radio-
logical follow-up.

Patients were excluded if the indication for revision
was oncological (i.e. local recurrence). No patients had

undergone further revision at study conclusion. All cases
were performed by a group of five orthopaedic oncology
surgeons with over ten years experience of using revision
endoprostheses. All cases involved bone resection using
an oscillating saw without attempt to preserve a perios-
teal sleeve to reattach to the HA-collar and without irriga-
tion. No additional osteoconductive agents were used at
the bone-collar interface. The collar is sized to match the
bone at time of surgery.

Clinical characteristics obtained from records were:
date and indication for primary procedure; indication for
revision; number of procedures at that anatomical site;
type of endoprosthesis implanted for revision; evidence
of previous or current infection based upon microbio-
logical investigation of five or more deep tissue samples
taken at time of revision surgery; age; smoking status;
chemotherapy; and local radiotherapy.

Indication forrevisions were classified into: aseptic loos-
ening (loose implant without clinical or microbiological
evidence of infection); infection (clinical or microbiolog-
ical evidence of periprosthetic infection); implant failure
(broken implant, linkage failure or failure/end point of
growing mechanism); and periprosthetic fracture (frac-
ture around implant without failure of endoprosthesis).

Two out of three clinicians (BD, LA, RK) independently
reviewed the plain radiographs, with disagreements
resolved by consensus. Osseointegration was defined as
the presence of extraosseous bone growth overlying the
HA-coated collar without a radiolucent line between the
new bone growth and the collar. Osseointegration at the
HA-collar was classified by two methods:

1. Zone score'" — osseointegration scored O to 4, accord-
ing to the number of bone-collar junctions where
osseointegration was seen (up to 2 on AP and 2 on
lateral films).

2. Ongrowth grading®? — osseointegration graded ac-
cording to the method shown in Figure 1.

Both grade 1 and 2 represent failure to osteointegrate to
the HA-coated collar. Serial postoperative radiographs
were reviewed to identify at what time osseointegration
first occurred.

Outcomes collected were compared against the
outcomes for primary endoprosthetic implantations
reported in the literature. Articles were identified using
keywords (“osseointegration” OR “osseointegration”
AND “massive endoprosthesis”) in PubMed. Relevant
articles were identified and hand searching references of
these identified further relevant articles.

Statistical analysis. Univariate logistic regression was per-
formed for ongrowth (no on-growth vs > 1 side of osse-
ointegration) and ordinal logistic regression for time to
osseointegration first seen (Stata v15; StataCorp, USA)
testing the predictive value of recorded clinical factors.
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Fig. 1

AP and lateral plain radiographs representing the four grades of growth: a) Grade 1: No osseointegration or bone growth. b) Grade 2: Bone growth around
collar with gap between new bone and collar. c) Grade 3: Osseointegration in 1 or 2 zones. d) Grade 4: Osseointegration in 3 or 4 zones.

An unpaired t-test was used to determine demographic
differences between subgroups for analysis. A p-value <
0.05 was considered statistically significant.

The project was reviewed by the institute research
review panel and concluded that it did not require
approval from a Research Ethics Committee.

Results

In all, 39 patients met the inclusion criteria. Mean patient
age at time of revision surgery was 42.7 years (5 to 89).
Mean follow-up was 43.5 months (8 to 94). The indica-
tion for the primary procedure was oncological in 32/39
patients (82.1%) and non-oncological in 7/39 (18.0%).
Patient demographics, tumour type for oncological cases,
endoprosthesis implanted, and indication for revision are
summarized in Table I. Of note, revision of the diaphy-
seal arthroplasty was associated with change of only one
HA-coated collar-stem component.

In 17 patients (43.6%), it was the first revision of the

endoprosthesis. In the non-oncological cohort, all cases
had received at least two previous revision operations.
Patients in the non-oncological group were significantly
older than the oncological group (mean 70.7 years vs
36.5 years; p < 0.001). No patients in the non-oncological
group were aged < 40 years.
Osseointegration. Overall, 22 (56.4%) implants showed
no osseointegration to any side of the collar. Of these,
16/22 (72.7%) showed a grade 2 pattern of growth
(Figures 1 and 2).

The mean time to first radiological osseointegration
seen was 13 months postoperatively, with the earliest at
five months (5 to 45; Figure 3). Two patients had follow-up
less than 12 months, and both showed osseointegration

to 2 1 collar side. The patient showing first osseointegra-
tion at 45 months had no radiographs between 21 to 45
months postoperatively.

There was no difference in the follow-up of the patients

who did and did not show osseointegration (46 vs 41.5
months; p = 0.547).
Indication. Patients undergoing revision for aseptic loos-
ening were less likely to show osseointegration (4/15,
26.7%) than cases revised for other indications (Table II).
These differences were not statistically significant.

In the failed arthroplasty cohort, only 1/7 (14.2%)

showed osseointegration to one side of the collar, and
none on more than one side, while 16/32 (50.0%) having
revision of an implant originally implanted for oncolog-
ical indications had osseointegration on > 1 collar side
(odds ratio (OR) 6.82; p = 0.12) (Table II).
History of infection. Cases were stratified into three
groups based on history of implant site infection: failed
arthroplasty cases with history of infection (n =7, 17.9%),
all of the failed arthroplasty cohort), oncological cases
with history of infection (n = 11, 28.2%), and oncological
cases with no previous infection (n = 21, 53.8%).

Osseointegration to = 1 collar side was found to be
most frequent (72.7%, 8/11) in the oncological cases with
a history of infection. They were more likely to show osse-
ointegration compared to the oncological cases without
history of infection (38.1%, 8/21; OR 4.33, p=0.071) and
significantly so, compared to failed arthroplasty cases
(14.3%, 1/7; OR 16, p = 0.030) (Table II).

Age. Patients aged below the median age of cohort (<
39 years) more frequently demonstrated osseointegra-
tion on > 1 side of the HA-coated collar (55.0% (11/20) vs
31.6% 6/19); p = 0.145) (Figure 4a). Of patients age = 40

VOL. 2, NO. 6, JUNE 2021



B. DAVIES, R. KAILA, L. ANDRITSOS, ET AL.

374

*Aysejdoayyae jeasAyderp |eiqn ‘val ‘Aisejdodyyte jeiqn jewixosd “vid ‘Aysejdosyiae jeioway jewixold “‘v4d ‘Aisejdoiyiae jeioway [eisip “v4a

@S (o'8L) £ (80¢)zL (s'88) SL (CRINY (covy ¥z saoL (069 ¢€C ©'L1m9L (CRIIA (68016) L'th 6€ [le19A0

(9'82) L (€r)e (980 ¢ (980) ¢ (000 (00o [CAVARS (980 ¢ (Vi34 (6¢h) € €y L (68 0109) £°0L (08L) £ Aysejdoayyte pajreq

ewooJes |2

0o 000 9L (6'zv) € 0o 0o L9 ¥ (6'¢h) € £s8)9 (€rL) L (129 ¥ (8£01) ¥'ve (0'8L) £ @Ipuids d1uaboa)s0-UON

(ooL)

009 L 000 000 009 L 000 000 000 4 000 (ooL) z (ool) ¢ (65 01 9%) §°ZS [(X9X4 aseasip d1eIseIdN

auoq

o ot (X394 (009) € o0o ot £'99) ¥ ot (eee) ¢ £L99) ¥ 009) € (P£ 0y 80) L'vv rsvo9 JO Inowny |22 Juern

(€€e) L o (€€e) L (€€e) L (00o (000 (£99)¢ (€€e) L (€€e) L £99)¢ (€€e) L (29 01 89) 09 o e ewiodlesolpuoyd

(evL) e 982 v 1) € se)s (VAR [CaYIRs (€v9) 6 (VAR Lol (9°80) v (62¥) 9 (25 0191)8'9¢ (6'5€) L BWO21es03)sO

Szv ¥ [CXIDEY (e'1e) ol (9'op) €L et sz ¥ #'69) 61 (0's2)8 #'69) 61 (9'0¥) €1 (0'09) 9L (8201 6) §'9¢ (1z8) ze [e216ojodu0

aanpeay aanjiey uoiddju] Bujuasoo] valL Vvid v4da vid 4 ] (%) u “aejjod (abuea) uoisinaa (%) uonedpuj
snayisoadiing juejdug sndasy jJoapis L 20} joawnjeabe ueay u‘jejop

(%) u ‘uoisiAaa 10) uonedipuj

(%) u ‘sisayisoad

uoneaBajul-03lsQ
(%) u ‘xag

*sojydesbowap juaneq °| ajqeL

BONE & JOINT OPEN



OSTEOINTEGRATION OF HYDROXYAPATITE-COATED COLLARS IN CEMENTED MASSIVE ENDOPROSTHESES 375

60.0%

50.0%

40.0%

30.0%

Patients (%)

20.0%

10.0%

0.0%

Overall (n=39) Infection (n=12)

R

=
3

o

Indication for Revision

OGrade 1 BGrade2 DGrade3 BGrade 4

Fig. 2
Grade of osseointegration (as explained in Figure 1) for all 39 cases and subdivided by indication for revision.

Time (months)

Fig. 3
Time of first osseointegration seen against all cases of 17 osseointegration to
HA-coated collar.

years without osseointegration, 11/13 (84.6%) showed
grade 2 pattern of growth compared to 6/11 (54.5%) in
those < 39 years (Figure 4b).

In the patients aged < 40 years, all of whom under-

went primary surgery for oncological indications, those
revised for aseptic loosening were less likely to show
osseointegration (28.5%, 2/7) compared to those revised
for infection (83.3%, 5/6; OR 12.5, p = 0.067).
Clinical characteristics. Smoking status, number of pre-
vious operations, and previous chemotherapy and/or
radiotherapy, did not show statistical significance for os-
seointegration to 2 1 collar side (Table I) or for osseoin-
tegration grade.

Patients undergoing a primary revision showed no
statistically significant difference in osseointegration to
2 1 collar side (7/17, 41.2%) compared to those having

undergone multiple revisions (10/22, 45.6%) (OR 1.19
(95% confidence interval (Cl) 0.33 to 4.28), p = 0.789).
Greater frequency of osseointegration was seen more
than five years after implantation (71.4% (5/7) vs 37.5%
(12/32)).

Anatomical location of implant. Comparing PFAs and
DFAs, there was no significant difference in the frequency
of osseointegration (Table II), or in the anatomical aspect
of the collar where growth occurred.

Time to osseointegration. No specific clinical factors
showed statistical significance for effect on time to first
osseointegration seen (Table II). Mean time for PFAs to
osteointegrate (9.8 months; 5 to 21) tended to be earlier
than DFAs (14.7 months, 6 to 45; p = 0.125). The two cas-
es with osseointegration to a previous implant were fast-
er to osteointegrate following revision (both six months)
than those without previous extracortical bone growth
or osseointegration (mean 12.3 months (8 to 15); p =
0.068).

Discussion

This study is the first to report osseointegration of
HA-coated collars on massive endoprostheses used in
revision surgery. Previous studies have shown their use in
primary cases may help reduce the incidence of aseptic
loosening.?

This work has shown that the benefits of this adjunct
in revision endoprostheses and consequent outcomes
are more complicated than first thought. The frequency
of osseointegration to > 1 collar side in this group of
patients undergoing revision surgery was lower (43.6%,
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Table II. Summary of results and differences seen in osseointegration to at least one side of the collar and time to osseointegration first seen in subgroup

analyses.
Mean time to
Osseointegration to = 1 0dds ratio osteointegrate,

Clinical factors N side, % (95% CI) p-value mnths (range) p-value
Sex
Male 16 50.0 1.56 (0.42 to 5.65) 0.502 12.0 (5 to 21) 0.686
Female 23 39.1 N/A N/A 13.9 (5 to 45)
Age, yrs (continuous) N/A N/A 0.97 (0.94 to 1.00) 0.094
Age, yrs
<39 20 55.0 2.54(0.72 t0 9.80) 0.145 14.6 (6 to 45) 0.311
> 40 19 31.6 N/A N/A 10.2 (5to 21)
Smoker
Yes 4 50.0 1.42 (0.17 to 11.4) 0.736 12.0 (9 to 15) 0.439
No 34 41.2 N/A N/A 12.6 (5 to 45)
Primary procedure
Revision arthroplasty 7 14.3 N/A N/A 5 (N/A) 0.987
Oncological 32 50.0 6.82 (0.65 t0 55.66) 0.115 13.5 (5 to 45)
Indication for revision
Aseptic loosening 15 26.7 N/A N/A 11.3 (5to0 21) N/A
Infection 12 583 3.8 (0.76 to 19.47) 0.103 15.6 (6 to 45) 0.511
Implant failure 7 42.9 2.1 (0.31 to 13.57) 0.451 11.7 (6 to 15) 0.580
Periprosthetic fracture 5 60.0 4.1 (0.49 to 34.50) 0.191 10.7 (5 to 21) 0.620
Implant
Proximal femoral 10 40.0 N/A N/A 9.8 (5to 21) N/A
Distal femoral 24 45.8 1.3 (0.28 t0 5.68) 0.755 14.7 (6 to 45) 0.125
Proximal tibial 4 25.0 0.5 (0.04 to 6.68) 0.600 14 (N/A) 0.196
Tibial diaphyseal 1 100.0 N/A N/A 6 (N/A) 0.927
Number of revious revision operations
0 17 41.2 N/A N/A 18.1 (5 to 45) N/A
1 7 42.9 1.07 (0.18 to 6.36) 0.939 8.3 (61t012) 0.082
2 5 80.0 5.7 (0.52 to 62.66) 0.154 9.5(5to0 14) 0.085
3 4 50.0 1.43 (0.16 to 12.70) 0.749 11.5 (9 to 14) 0.401
4 5 20.0 0.35(0.03 t0 3.92) 0.399 8 (N/A) 0.232

1 0.0 N/A N/A N/A N/A
Previous osseointegration seen*
Yes 3 66.7 5.33 (0.54 to 13.08) 0.232 6 (N/A) 0.068
Overgrowth Only 20 50.0 2.66 (0.34 to 82.83) 0.227 14.6 (5 to 45) 0.588
No 1 27.3 N/A N/A 12.3 (8 to 15) N/A
Confirmed previous infection
Yes 18 50.0 1.65 (0.45 t0 5.82) 0.456 15.0 (5 to 45) 0.548
No 21 38.1 N/A N/A 10.8 (5 to 21)
Arthroplasty with 7 14.3 0.06 (0.01 to 0.76) 0.030 5 (N/A) 0.990
previous infection
Oncological with 1 72.7 N/A N/A 16.3 (6 to 45) N/A
previous infection
Oncological with no 21 38.1 0.23 (0.46 to 1.13) 0.071 10.8 (5to 21) 0.298
evidence of previous
infection
Adjuvant/neo-adjuvant
therapiest
Chemotherapy 13 61.5% 1.60 (0.30 to 8.49) 0.581 11 (6 to 21) 0.833
Radiotherapy 2 0.0% 1 (N/A) N/A N/A N/A
Chemotherapy plus 2 50.0% 1.00 (0.05 to 20.83) 1.000 14 (N/A) 0.650
radiotherapy
None 10 50.0% N/A N/A 16.8 (5 to 45) N/A

P-values for differences in osteointegration were calculated using univariate logistic regression. P-values for differences inr time toosseointegration first seen
were calculated using ordinal logistic regression

*Five procedures were the first hydroxyapatite-collar coated implant that the patient had received.

TArthroplasty cases not included, five cases had no clear documentation so excluded from analysis.

N/A, not applicable.
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Fig. 4
a) Comparison of the age of the patient at time of revision surgery with osseointegration zone score. b) Comparison of the age of the patient at time of

revision surgery with the osseointegration grade score.

17/39) than reported rates following primary endopros-
thetic implantation (65% to 819%).>™

No specific individual clinical factors were predictive
of osseointegration across the whole cohort (Table II).
However, when aseptic loosening was the indication for
revision, patients aged > 39 years were less likely to show
osseointegration. This may be because older patients
underwent primary surgery for non-oncological reasons
and the failure of the primary and subsequent prosthesis
may have been multifactorial.

Outcomes of primary DFAs and PTAs are worst with
respect to aseptic loosening with reported rates of up
35% and 46% respectively. “#1131423 Consistent with the
literature, the most common indication for revision endo-
prosthesis in this study was aseptic loosening (38.5%,
15/39). However, these patients were less likely to show
osseointegration (26.7%, 4/15) compared to the other
indications for revision.

Patients aged > 39 years without osseointegration were
more likely to show grade 2 rather than grade 1 bone
growth pattern, suggesting that despite growth, this
bone fails to integrate with the HA-coated collar. Inter-
estingly, in other implant designs used in humans where
porous rather than HA-coated collars are used, despite
evidence of extra-cortical bone development, ongrowth
to the implant was not shown (grade 2 appearance).'®

The oncological group appear to have benefitted
the most from the HA-collar design with 50.0% (16/32)
showing osseointegration to > 1 side compared to 14.3%
(1/7) in the failed arthroplasty cohort (p = 0.115). This
was particularly pronounced when reviewing current or
previous infection status. This analysis was performed to
assess whether history or treatment of a local infection
caused longstanding changes in the biological environ-
ment that would affect osseointegration. Patients who
had primary surgery for an oncological indication with
current or previous infection were significantly more
likely to show osseointegration on = 1 collar side than
the arthroplasty group, of whom all cases had current or
previous infection. Care has to be taken in extrapolating
findings as the failed arthroplasty group was significantly

older (mean 70.7 vs 36.5 years; p < 0.001) and under-
went more previous revision surgeries (mean 3.14 vs 1.00;
p < 0.001) than the oncological cases with previous or
current infection. Although these two factors individually
did not show significant differences in presence of osse-
ointegration, these findings suggest HA-coated collars
showed limited benefit for non-oncological patients
undergoing revision for failed arthroplasty with current
or previous infection.

Within the oncological group, cases with current or
previous infection were more likely to show osseointe-
gration to = 1 collar side than those without history of
infection (OR 4.3; p =0.071). Of the 11 oncological cases
with current or previous infection, ten underwent revi-
sion for current infection, the other for aseptic loosening
following previous infection. This suggests that in spite of
infection new bone growth appears more likely to occur.
The reason for the difference between these groups is not
fully understood and could not be accurately reviewed in
this retrospective study but is an interesting avenue for
future work. It could be postulated that, the HA-coated
collar design may have better results in the oncology
cases with history of infection due to more aggressive
bone and tissue debridement at revision surgery. As this
is not repeated for similar cases in the arthroplasty group,
it may represent the reduced potential for osseointegra-
tion in the older population, despite attempts to improve
the biological environment with aggressive debridement
during revision for infected arthroplasty (Figure 4b).

Chemotherapy has been associated with reduced
bone formation in the first year following endoprosthesis
implantation.?* However, this study showed no signif-
icant difference in osseointegration, including when
adjusted for history of infection.

Using the ongrowth grading system,?? it was noted
that bone formed adjacent to the HA-coated collar but
did not integrate with the implant surface (grade 2) in
41.0% (16/39) of cases (Figure 2). Sankar et al?? reported
that over a five-year follow-up of primary implants, 7/7
(100%) with this pattern of growth required revision.
Interestingly, in our cohort, one patient with a grade 2
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pattern had an implant in situ for greater than five years
without revision.

This study is the first to report time to osseointegra-
tion to HA-coated endoprosthetic collars at a mean of
13 months. The shorter time to osseointegration in PFAs
(9.8 months) may relate to differences in biomechanical
forces applied to the implant. Overall, four patients in this
cohort had follow-up of less than 13 months (mean time
to first osseointegration), two of which showed osse-
ointegration (at eight and nine months). The other two
patients had their latest follow-up recorded in this study
at 12 months. It is possible that these two patients may
subsequently show osseointegration. It has been shown,
in only one previous study, that by two years osseointe-
gration to primary implants may be complete.”” Due to
its retrospective nature, this study was limited by radio-
graphs not being performed at specific time points. This
meant that pinpointing the specific time at which osse-
ointegration starts and its progression over time could not
definitively be defined. Given that osseointegration can
be seen as early as five months following endoprosthesis
implantation, further prospective work with radiographs
at pre-determined time points should be performed to
assess how osseointegration progresses with time.

Longer follow-up of this cohort and future cases will
allow improved analyses of osseointegration grades in
revision endoprostheses and better understanding of
the effect of clinical factors. Additionally, this study only
assessed bone growth following latest revision. Analyses
of osseointegration at prior failure may provide useful
information.

Although this study was performed at a high-volume
orthopaedic tertiary referral centre, the cohort sizes were
small, representing the specialist case nature with low
statistical power. It is not possible to conclude about indi-
vidual outcome predictors due to wide clinical variations
in subgroup analyses.

This study analyzed consistent practice of bone resec-
tion without attempt to preserve a periosteal sleeve to
reattach to the HA-collar. In cases involving oncological
and infection issues, periosteal preservation can be a
concern. Further analysis would be required to determine
if such practice alters outcomes of osseointegration. In
this study, the collar size was matched to the bone diam-
eter at the time of resection. To determine if collar size/
mismatch influences osseointegration, studies design to
prospectively analyze this issue would be beneficial.

The analysis used in this study was for radiological
osseointegration. Fibrous ongrowth of the collar, which
can improve stability?’ and microscopic extra-cortical
bone bridging could be assessed using histological
retrieval studies.'®?

Further studies including use of autogenous bone-
grafting,'®? porous collars,??* and stem cell augmen-
tation?#?” in human studies and osteogenic protein-1

in animal models?® have shown varying results but
combining small pores (700 pm) with internal and
external HA-coated collars has shown up to five-times
increased bone integration compared to solid grooved
designs.

This study highlights poor osseointegration of
HA-coated collars in massive endoprostheses following
revision surgery, independent of indication. Osseointe-
gration to HA-coated collars was limited and had lower
rates (43.6%, 17/39) than reported following primary
surgery, suggesting their benefit may be more limited
than expected when used in revision surgery.

Age appears important in influencing outcome.
Young patients, aged < 40 years, who undergo revi-
sion surgery following initial oncological surgery may
benefit most from this collar design. Additionally, there
also appears to be benefit from their use in revision
oncological cases with a history of current or previous
infection.

Revision surgery for aseptic loosening was associated
with the poorest results, with 73.3% (11/15) of cases
showing no osseointegration. HA-coated collars showed
limited benefit for non-oncological patients undergoing
revision for failed arthroplasty with current or previous
infection. Further developments of collar design and
understanding of clinical factors and biological environ-
ment may help define optimum conditions for bone inte-
gration and implant survival.

A Take home message

’) - This study highlights poor osteointegration of HA-coated
collars in massive endoprostheses following revision surgery,
independent of indication.

- Age appears to be the most important clinical factor with young

patients undergoing

- revision surgery following initial oncological surgery may benefit most

from this collar design
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