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ABSTRACT

T

Introduction: Trabecular Titanium is an advanced cellular solid structure, composed of regular multiplanar hex-
agonal interconnected cells that mimic the morphology of the trabecular bone. This biomaterial demonstrated
improved mechanical properties and enhanced osteoinduction and osteoconduction in several in vitro and in vivo
studies. The aim of this study was to assess Trabecular Titanium osseointegration by measuring periacetabular
changes in bone mineral density (BMD) with dual-emission x-tayjabsorptiometry (DEXA).

Methods: 89 patients (91 hips) underwent primary total hip arthroplasty (THA) with acetabular Trabecular Tita-
nium cups. Clinical (Harris Hip Score (HHS), SF-36) and radiographic assessment were performed preoperatively,
and postoperatively at 7 days and at 3, 6, 12 and 24 months. DEXA analysis was performed only postoperatively,
using the BMD values measured at 7 days as baselines.

Results: After an initial decrease from baseline to 6 months, BMD increased and progressively stabilised in all
3 regions of interest (ROIs). Median (IQR) HHS and SF-36 increased from 48 (39-62) and 49 (37-62) preoperatively
to 99 (96-100) and 86 (79-92) at 24 months, indicating a considerable improvement in terms of pain relief, func-
tional recovery and quality of life. BMD patterns and radiographic evaluation showed evident signs of periace-
tabular bone remodelling and osseointegration; all cups were stable at the final follow-up without radiolucent
lines, loosening or osteolysis. No revisions were performed.

Conclusions: After an initial reduction in periacetabular BMD, all 3 ROIs exhibited stabilisation or slight recovery.
Although clinical outcomes and functional recovery proved satisfactory, longer follow-ups are necessary to assess
this cup long-term survivorship.

Keywords: Cementless, DELTA-TT cup, Dual-emission x-ray absorptiometry (DEXA), Osseointegration, Fotat-hip
arthroptasty (THA), Frabeeutar-titaniurmy

Introduction

Revisions of the acetabular components have remained
a limiting factor in the longevity of hip prostheses, with wear
and aseptic loosening recorded as the major causes of failure
(1, 2). Primary fixation of cementless cups is fundamental to
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yield long-lasting implants and is usually achieved through a
tight physical interlocking between the implant porous coat-
ing and the surrounding bone tissue at the time of surgery,
which is instrumental in promoting secondary fixation via
bone in-growth (1, 2). Furthermore, adequate 3-D structure
and pore size are key factors for fostering osteogenic process-
es with effective vascularisation and oxygenation (3, 4). Tra-
becular Titanium is a highly porous biomaterial composed of
regular multiplanar hexagonal interconnected cells that mir-
ror the morphology of the trabecular bone. The geometric
characteristics of the trabecular framework have been opti-
mized to favour the process of osteogenic differentiation (3-6).
Trabecular Titanium presents an elastic modulus (1.1 GPa)
that is greatly inferior to those of other materials used in the
orthopaedic field but more similar to that of trabecular bone
(5, 6). Thus, it guarantees the transmission of physiological
stresses from the implant to the bone without increasing
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implant stiffness (7). Bone mineral density (BMD) is regarded
as a good clinical indicator of the bone-remodelling response
after arthroplasty (8). Dual-energy x-ray_ absorptiometry
(DEXA) is currently the most widely used technique for mea-
suring BMD after THA. Finite element analysis (FEM) and
computer-simulated modelling have suggested that declines
in periacetabular BMD reflect altered stress patterns within
the pelvic area. Traditional metal-backed prosthetic implants
are generally stiffer than the native subchondral plate and
thus mechanically shield the cancellous bone at the central
part of the Ilium. In contrast, the iliac peripheral cortex is sub-
jected to a greater transfer of weight-bearing force (7, 9-11).
The aim of this prospective multicentre study was to investi-
gate the osseointegrative potential of Trabecular Titanium by
using DEXA to measure changes in BMD around cementless
primary cups.

Methods
Patient population

The patients were selected from a population requiring
primary THA according to the following eligibility criteria:
males and females, aged between 18 and 75 years, body
mass index (BMI) <40 kg/m?, and affected by pathologies
such as idiopathic osteoarthritis, avascular necrosis or post-
traumatic arthritis. The following conditions were regarded
as contraindications for inclusion in this investigation: age
>76; haemophilic disease; femoral neck fracture; insulin
dependent diabetes mellitus (IDDM); severe kidney failure
(grade 4); not-responding hypo- or hyperthyroidism; Paget’s
disease; tumours; active or suspicious infections; neurosen-
sory deficits or neuromuscular diseases; and severe and im-
pairing vascular diseases.

89 patients (91 hips) underwent primary THA with DEL-
TA-TT cups (Lima Corporate) at 4 centres between February
2009 and November 2010. There were 46 (52%) men and 43
(48%) women, with a median (IQR) age and BMI of 67 (57-70)
years and 26 (24-29) kg/m?, respectively. In 13 (14.3%) cases
contralateral THAs were also performed. Underlying pathol-
ogy was primary osteoarthritis (88%), osteonecrosis (6%),
post-traumatic osteoarthritis (3%), developmental dysplasia
of the hip (DDH) (2%) and oligoarthritis (1%). The study was
approved by the Ethics Committee of each centre. Informed
consent was obtained prior to enrolment from all patients.

Prostheses

Hemispherical press-fit acetabular cups of Trabecular Ti-
tanium (DELTA-TT) were used in all cases. The shell of this
cup is manufactured entirely of titanium alloy (Ti6Al4V) via
an electron beam melting procedure (5, 6). This-1-steg pro-
duction process guarantees structural continuity between
the external highly porous surface and the inner solid part
that hosts the liner. Trabecular Titanium differs from most
conventional prosthetic coatings; the absence of an interface
between the external trabecular structure and the bulk con-
fers higher structural solidity and tensile resistance (5, 6). Its
regular trabecular structure is characterized by an average
porosity of 65% with a mean pore diameter of 640 um (5).

W4

Clinical and DXA analysis of trabeettartitanitmcups

The surface of Trabecular Titanium is characterised by a high
coefficient of friction that is responsible intraoperatively for
the initial grip of the DELTA-TT cup (12). The cups ranged in
diameter from 48 to 60 mm and were implanted with a wide
selection of bearing couplings, including Ceramic-Ceramic
(70%), Cer-XLPE (23%), Met- XLPE (1%), and Met-Met (6%).
Additional reinforcement screws were used in 6 (6.6%) cases
as a further safety measure to prevent possible risks of loos-
ening in the cases in which patients presented with particu-
larly poor bone quality.

Surgical technique

All procedures were performed in each centre by a senior
surgeon, or under his direct supervision, according to stan-
dard surgical technique under either spinal (92.3%) or gen-
eral anaesthesia (7.7%). The surgical approach was lateral in
28 (30.8%) cases, posterolateral in 49 (53.8%) and anterior in
14 (15.4%) cases. The surgeons and physical therapists con-
sidered variables such as the subject’s age, health and physi-
cal fitness when recommending a rehabilitation programme.
Patient mobilisation generally began on the 1 postoperative
day, and continued with 50% weight-bearing on 2 crutches
starting the 3™ day after surgery, followed by full ambulation
with 1 crutch after 1 month.

Clinical and radiographic assessment

Clinical and radiographic evaluations were performed
preoperatively and postoperatively, at 7 days and at 3, 6, 12
and 24 months. Patients were evaluated using the Harris Hip
Score (HHS) (13) and a self-assessment questionnaire (SF-36)
(14). The incidences of intra- and postoperative complica-
tions were also monitored.

The radiographic assessment included standard views,
such as the anteroposterior (AP) of the pelvis and the antero-
posterior (AP) and lateral (LAT) of affected hip. Radiolucent
lines were evaluated according to their presence, location
and thickness. Postoperative radiographs at discharge were
used as baselines to evaluate the progressions of radiolucent
lines and to assess the initial angle of abduction and the initial
postoperative fit of the cup. Evidence of osteolysis (location),
sclerosis, atrophy (degree and location), ectopic bone forma-
tion (15), dislocation and subluxation were recorded.

DEXA analysis

Periprosthetic BMD was evaluated via DEXA using a bone
densitometer Hologic® Scanner (QDR 4500 Elite or QDR
Delphi) equipped with a metal-removal scanning mode that
allowed for the exclusion of the prosthetic acetabular compo-
nent from the analysis. Image acquisitions were executed in
the frontal plane using the femoral head to centre the scans
with an upper limit of the entire whole scanning zone of
3.0-3.5 cm above the proximal edge of the acetabular com-
ponent. Pelvic scans were analysed using 3 regions of inter-
est (ROIs) that were defined according to a modified Delee
and Charnley’s model (16) (Fig. 1). Scans of the affected hip
were performed postoperatively at 7 days and at 3, 6, 12 and
24 months after surgery. Variations in BMDs were evaluated

© 2017 Wichtig Publishing
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Fig. 1 - Subdivision of the acetabulum into 3 regions of interest
(ROIs) according to a modified DelLee and Charnley’s model (16).
The 3 zones were determined by tracing a line connecting the cen-
tre of the prosthetic head to the two edges of the acetabulum.
Zone 3 was defined by intersecting this line with a horizontal line
that originated from the centre of the femoral head. Zones 1 and
2 were partially modified with respect the original model as they
were divided by a second line drawn from the centre of the femoral
head to the lower part of the sacroiliac joint.

on each scan for every ROI at each follow-up. The BMD values
measured at 7 days were used as baselines.

Statistical analysis
Anindependent blinded statistical analysis was performed

using the SAS JMP software. The normality of the quantitative
variables was assessed with Shapiro-Wilk test. The data dis-

tribution 3™ found to be non-Gaussian; therefore, medians
and percentiles (25° and 75°) were used as measures of the
central tendency and dispersion, and p<0.05 was used as the
threshold for statistical significance. Specific nonparametric
tests were applied: the Mann-Whitney U-test to compare
2 groups, the Kruskal-Wallis test to compare 3 or more groups
and the Wilcoxon signed-rank test to compare ante-post data
belonging to 2 groups. Correlation analysis was performed to
determine whether the values of 2 numerical variables were
associated. X2 tests and Fisher’s exact tests were used to anal-
yse the qualitative variables.

Results

Densitometric analysis

After an initial decrease in BMD values from baseline at
7 days to 6 months, the BMD slightly increased in ROI | and
stabilised in ROI Ill. The BMD in ROI Il increased after 12
months and stabilised at 24 months (Tab. |, Fig. 2).

The variations in the BMD of the acetabular area were
found to be statistically influenced primarily by the patient’s
BMI (Tab. 1l); a statistically significant increase was observed
for the patients with BMI >25, particularly in ROIs | and I
(p<0.05, Mann-Whitney U-test). Gender was also found to af-
fect bone remodelling (Tab. Ill), particularly in ROIs Il and IlI;
greater BMD changes were observed in men than in women
in all ROIs. No statistically significant correlation was observed
between BMD and the patient work status (retired/working;
p<0.05, Mann-Whitney U-test) and between BMD and the
coupling material (p<0.05, Kruskal-Wallis Test). A statistically
significant correlation between BMD and age was observed
but was limited to ROI Il (p<0.05, Mann-Whitney U-test) in
patients with age <65 years (Tab. IV).

Clinical outcomes
The median (IQR) HHS improved from 48 (39-62) before

surgery to 99 (96-100) at 24 months (Tab. V). HHS outcomes
were considered to be ‘excellent’ (90-100) in 73 (90.1%)

TABLE | - Median (IQR) bone mineral density (BMD, g/cm?) results divided according to single regions of interest (R1-3) and as the total BMD

across the 3 ROls (BMD NET)

1 weekn =9@
Vv

3 months n =85

6 months n = 84

12 months n =83

24 monthsn=81 (—

BMD R1 (g/cn?) 1.44w (1.21-1.67) 1.31 (1.05-1.55)
Pt - <0.0001*
BMD R2 (g/cn?) 1.23 (0.99-1.49) 1.16 (1.88-1.40)
sesatie - 0.0645
BMD R3 (g/cm?) 1.11(0.85-1.48) 1.05 (0.72-1.33)
pvatte - 0.0094*
BMD NET (g/cm?) 1.30 (1.12-1.53) 1.22 (1.01-1.41)
pvaloe - <0.0001*

1.27 (1.08-1.52) 1.29 (1.12-1.52) 1.30 (1.11-1.55)
<0.0001* 0.0002* 0.0001*
1.14 (0.89-1.37) 1.07 (0.90-1.30) 1.12 (0.96-1.36)
0.0043* 0.0001* 0.0098*
1.05 (0.73-1.35) 1.06 (0.76-1.31) 1.04 (0.80-1.25)
0.0020* 0.0114* 0.0230*
1.20 (1.00-1.39) 1.17 (1.02-1.37) 1.17 (1.05-1.40)
<0.0001* <0.0001* <0.0001*

* statistically significant (p<0.05), Wilcoxon signed-rank test.

n =number of implants; ROIs = regions of interest.

© 2017 Wichtig Publishing
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4 Clinical and DXA analysis of trabeettartitanitmcups
2.0 Fig. 2 - Median (IQR) Bone Mineral
Density (BMD, g/cm?) outcomes di-
vided according to single regions of
interest (R1-3) and as the total BMD
15 _ across the 3 ROIs (BMD NET).
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TABLE Il - Outcomes (p-vatuejof the analysis to assess the statistical significance of the correlation between bone mineral density (BMD) vs.
BMI sub-groups (Group A: BMI <25 Kg/m?; Group B: BMI 225 Kg/m?)

1 week 3 months 6 months 12 months 24 months
n=91|= n=385 n=84 n=283 n=81
Vv
BMD R1 0.0696 0.0737 0.0300* 0.0149* 0.0074*
BMD R2 0.8580 0.4057 0.8961 0.2351 0.0316*
prvatte
BMD R3 0.9558 0.3438 0.8832 0.5378 0.5216
BMD NET 0.1625 0.0603 0.2336 0.0430* 0.0088*

A pvatee <0.05 (Mann-Whitney U-test) indicates a statistically significant correlation (*).

BMI = body mass index; n = number of implants.

TABLE Il - Analysis to assess the statistical significance of the correlation between bone mineral density (BMD) vs. Gender sub-groups

(Group A: male patients; Group B: female patients)

1weekn=91— 3 months n =85 6 months n = 84 12 months n =83 24 months n=81 @
BMD R1 0.0344* 0.1133 0.4352 0.0614 0.1594
BMD R2 0.0011* 0.0090* 0.0992 0.0128* 0.0244*
prvatug
BMD R3 <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*
BMD NET <0.0001* 0.0011* 0.0052* 0.0003* 0.0021*

A pvate0.05 (Mann-Whitney U-test) indicates a statistically significant outcome (*).

n = number of implants.

cases, ‘good’ (80-89) in 5 (6.2%), ‘fair’ (70-79) in 2 (2.5%) and
‘very poor’ (<60) in 1 (1.2%) case at the last follow-up. The
3 cases whose HHS outcomes were classified as ‘fair’ or ‘very
poor’ experienced painful postoperative complications that
were not related to the acetabular cups being evaluated
in this study. 1 ‘fair’ case was due to a periprosthetic frac-
ture in the contralateral hip after a 1% revision surgery that
was followed by complications. The contralateral implant
was not part of this investigation. The 2" ‘fair’ outcome was

W4

influenced by intense back pain due to spondyloarthrosis that
resulted in limited functional recovery. The ‘very poor’ case
was undergoing trochanteric bursitis infiltration in response
to the persistence of painful symptoms. At the last follow-up
visit, this patient’s conditions seemed unresponsive to medi-
cal therapy. The median (IQR) SF-36 total increased from 49
(37-62) preoperatively to 86 (79-92) at 24 months (Tab. V). In
terms of both HHS and SF-36, patient recovery was statistical-
ly influenced by gender and age; higher clinical scores were

© 2017 Wichtig Publishing
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TABLE IV - Analysis to assess the statistical significance of the correlation between bone mineral density (BMD) vs. Age sub-groups (Group
A: patients with age <65 years old; Group B: patients with age 265 years old)

6 months n = 84 12 months n =83

24 months n =81 @

1weekn=91—| 3 monthsn=285
=

BMD R1 0.7823 0.9208
BMD R2 0.6908 0.7317
BMD R3 0.4792 0.1063
BMD NET 0.6542 0.5610

0.5142 0.6258 0.8017
0.8016 0.1969 0.3201
0.0861 0.0419* 0.0026*
1.000 0.5479 0.2982

A pvatte;<0.05 (Mann-Whitney U-test) indicates a statistically significant outcome (*).

n = number of implants.

TABLE V - Median (IQR) harriship-seore (HSS) and median (IQR) SF-36 outcomes at the preoperative visit and postoperatively at 7 days and

at 3, 6,12 and 24 months

6 months n =84 12 months n =83

Preop.n=91(— | weekn=91 3 monthsn=85

HHS Total score 477 (38.6-61.7) 51.8 (44.6-68.3)  87.9(81.3-93.0)  95.7(89.9-99.8)  99.0(93.0-100.0)  99.4 (96.0-100.0)
prvatue - 0.0003* <0.0001* <0.0001* <0.0001* <0.0001*
SF-36 Total score  48.6(37.2-62.2) 47.3 (44.2-57.9)  78.6(69.9-86.5)  85.5(71.8-90.8)  85.8(76.1-91.0)  86.4 (78.8-91.5)
prvatue - 0.5613 <0.0001* <0.0001* <0.0001* <0.0001*

* statistically significant (p<0.05), Wilcoxon signed-rank test.
n =number of implants.

recorded for men than women and for patients <65 years
compared to older patients (p<0.05, Mann-Whitney U-test).
Neither implant-related complications nor cup failures were
observed. 2 dislocations were reported; 1 was resolved with
closed reduction, and the other was resolved with a revision
of the neck and head. All cups were stable at the final follow-
up, and no revisions were performed.

Radiographic assessment

Postoperatively, the median cup inclination angle was 42°
(39°-47°). No cases of loosening and radiolucent lines and
no osteolytic areas were observed. After 2 years, 29 (35.8%)
cases of heterotopic ossifications were confirmed, and 84%
of these cases have already been observed at 3 months. 24
(29.6%) cases were identified as non-progressive Brooker
class I, 3 (3.7%) as class Il and 2 (2.5%) as class lll. No statisti-
cally significant correlations were observed between the for-
mation of heterotopic ossifications and the different surgical
approaches used (X? test), as reported in previous literature
(17, 18).

Discussion

Severalinvitro andin vivo studies have reported promising
data regarding the osteoinductive and osteoconductive prop-
erties of Trabecular Titanium. This biomaterial has been shown
to significantly affect osteoblast attachment, proliferation
and infiltration while inhibiting osteoclastogenesis (19-23).
In vitro experiments have demonstrated that human adipose

© 2017 Wichtig Publishing

stem cells (hASCs) grown on this cellular solid scaffold in the
absence of osteogenic factors are able to adhere, proliferate
and differentiate into an osteoblast-like phenotype (19). Con-
comitant deposition of a calcified extracellular bone matrix
has been observed on this construct surface, proving thus its
effectiveness in regenerating damaged bone tissue (19-23).
Furthermore, in vivo analysis of the osseointegrative poten-
tial of Trabecular Titanium in a sheep model revealed high
bone in-growth percentages in both cancellous (+68%) and
cortical bone (+87%) (20). The aim of this investigation was
to determine whether Trabecular Titanium combines the me-
chanical advantages of titanium alloys with the properties of
a highly porous cellular solid.

Levenston et al (9) reported that an analysis of simulated
stress-related bone remodelling around cementless acetabu-
lar components has estimated a bone loss up to 50% in the
medial zone (ROI II) and BMD increases of up to 30% in the
regions of the periacetabular rim (9, 10). Periacetabular BMD
has been observed to vary in most DEXA studies with a similar
trend: after an initial BMD fall in the immediate postoperative
analysis, a slight increase or stabilisation has been recorded,
especially in ROI I and llI, which was attributed to rim loading
(11, 24-31).

In our study, after an initial fall in periacetabular BMD in
the first 3 months, all ROIs exhibited progressive stabilisation
or slight recovery around the DELTA-TT cups. These findings
are consistent with the majority of BMD outcomes that are
reported in the literature (11, 24-35). For instance, Periasamy
et al (11) described similar results on Trabecular Metal ac-
etabular components. They reported greater load transfer at

W4
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the lateral peripheral rim with these monoblock cups com-
pared to traditional cemented cups. They suggested that the
observed retro-acetabular stress shielding was simply a re-
modelling response that represented a successful adaptation
of the medial cancellous bone to the reduced load transfer at
the bone-implant interface.

During the course of the present study, variations in bone
mineral density were found to be primarily influenced by the
patient’s BMI and gender; statistically significant increases
were found for the male patients and those with BMI >25.
Correlations of bone remodelling with the patient’s BMI (29,
30, 33) and gender (24, 28, 30) have also been confirmed in
other studies in which both female patients and patients with
low BMI exhibited reduced abilities to recover BMD after
THA. These findings can be explained by the fact that women
generally have lower bone density than men and bone re-
modelling phenomena have been correlated with higher BMI
due to greater load transfer. In terms of the different bone
remodelling patterns observed across the 3 acetabular areas
(i.e. ROIs), our results also corroborate the data reported in
the literature according to the DelLee and Charnley model
(16), although no detailed explanations have been provided
regarding the specific effects of BMI, age and gender on the
postoperative BMD recovery in the 3 different ROIs. In the
context of the available literature, statistically significant
changes have also been observed in ROIs 2 and 3 in the works
of Sabo et al (24) and Kim et al (30) that evaluated the effects
of gender on bone remodelling over time. ROI 1 has been ob-
served to be the acetabular region that was most affected by
the patient’s BMI in the present study, as well as in the previ-
ous work by Kim et al (30). Valancius et al (25) inferred that
this acetabular area was the most affected in terms of BMD
changes because it is the area to which the greatest propor-
tion of the load is transferred. In contrast to other works (26,
28, 30), in the present study, a statistically significant correla-
tion was identified between the BMD change in ROI Ill and
the patient’s age (p<0.05, Mann-Whitney U-test). However,
this result could easily be attributable to the higher levels of
physical activity of younger patients and the consequently
higher load transfer on the hip joint. No statistically signifi-
cant correlation was observed between the material of the
bearing couplings and the BMD values in our study, as already
reported in the works by Kim et al (30) and Gauthier et al (36).
These authors found no differences in BMD recovery follow-
ing THA with either ceramic, metal or polyethylene couplings.

All of the DELTA-TT cups resulted radiographically stable
with no signs of radiolucent lines. The macro-porous structure
of Trabecular Titanium generates in fact a high coefficient of
friction (12), which furthers a firm mechanical interlocking
at the implant-bone interface, thus reducing the risk of mi-
cromotions. The clinical and subjective patient results were
satisfactory and indicated functional improvements and a
complete patient recovery. Neither implant-related complica-
tions nor revisions were recorded.

This study design has some limitations because it is non-
comparative and nonrandomised. Additionally, the DEXA scan
is a bi-dimensional technique and thus cannot appropriately
measure bone mineral density in the acetabular areas that
are covered by the cup. Clinical outcomes have been satisfac-
tory in the present study, which might have been expected
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given the short-term follow-up. They are comparable to those
that have been reported in other studies of cementless ac-
etabular cups (11, 24-35).

Conclusions

After an initial reduction in the BMD around the DELTA-
TT cup, all of the regions of interest exhibited stabilization or
slight recovery, and these findings are similar to those of oth-
er reports in the literature related to cementless acetabular
components. Although clinical outcomes, functional recovery
and implants stability proved satisfactory, longer follow-ups
are necessary to assess the long-term survivorship of this
acetabular cup.
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