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Abstract

Stress shielding and thigh pain are not uncommon after cementless total hip arthroplasty (THA) using conventional hip
stems. It has been postulated that short, neck-preserving stems may overcome these disadvantages of standard stems and,
hence, further improve clinical outcome. The purpose of our retrospective study was to assess the mid-term performance
of a neck-preserving hip stem for which, as of yet, no clinical results have been published. A population of 146 consecutive
patients who received 152 neck-preserving stems over a 1.6-year period was retrospectively reviewed. Harris Hip Score
(HHS) and the Western Ontario and McMasters Universities Osteoarthritis Index (WOMAC) were collected, along with
radiographic data. One hundred and forty-four THAs implanted in 136 patients were available for analysis. After a mean
follow-up of 56 months, mean HHS and WOMAC improved significantly versus preoperative values. Aseptic loosening was
not observed. Five-year survival with revision of any component for any reason as the endpoint was 99.3% (95% confidence
interval, 95.2-99.9%). Excellent mid-term clinical and radiographic outcomes were observed with the study device. We
attribute this to the metaphyseal fit in combination with retention of the femoral neck. However, our findings need to be
confirmed by multicentre studies with larger patient samples.
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Introduction The mechanical strength of the cortical bone of the femo-

ral neck and the metaphyseal trabecular bone are believed to

Cementless total hip arthroplasty (THA) is a well-estab-
lished, cost-effective treatment for degenerative or inflam-
matory hip disease, with excellent longevity reported for
several designs [1]. Adverse outcomes such as stress shield-
ing and thigh pain, however, still frequently occur with
the use of cementless hip systems [2, 3]. Contemporary
cementless stem designs are further limited by mismatched
proximal and distal femoral widths, as well as compromised
diaphyseal stem engagement with distal load [4]. Moreover,
straight cementless standard stems may alter the native ante-
version while being positioned into the femur [5, 6].
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facilitate good proximal primary fixation of femoral prosthe-
ses [7]. Studies have shown that retaining the femoral neck
improves component stability by offering greater rotational
strength and stiffness, and better resistance to varus—valgus
stress and collapse [8].

The use of a short, neck-preserving stem maintains most
of the femoral offset and anteversion and de facto respect,
as well as the varying anteversion that exists between the
male and female genders [9]. Due to aging of the population,
the incidence of fractures around and distal to the femoral
stem, with occasional catastrophic consequences, is increas-
ing [10]. A short stem with no or little engagement distal to
the lesser trochanter may facilitate the management of both
revision or plating, which would diminish most postopera-
tive complications.

Several short, bone-conserving femoral stems with a
variety of geometrical designs and fixation principles have
been proposed to achieve bone preservation and metaphyseal
femoral load transfer [11, 12]. Reported advantages of short
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stems include less blood loss [13], physiological proximal
loading of the femur [14], less thigh pain due to the avoid-
ance of diaphyseal interlocking [15], and greater ease of use
in minimally invasive surgery, given the more medial entry
point of the stem in the femoral neck [16]. Conversely, there
are some concerns regarding short-stem prostheses that have
hindered their widespread use to date [2]. Positioning of the
implant is partly determined by the height of the femoral
resection level [17]. In addition, the implant has to follow
the native angle and torsion of the femoral neck [17]. A high
occurrence of malalignment, subsidence, incorrect sizing,
and intraoperative fractures has been reported in literature
with their use [2].

The Parva stem (Adler Ortho SRL, Cormano, Italy) was
introduced in 2009 to address the limitations of these earlier-
generation devices. Although the stem has since been widely
adopted, to the best of the authors’ knowledge, there have
been no peer-reviewed papers describing its clinical out-
comes in the published literature. We, therefore, conducted
a retrospective study to assess the mid- to long-term perfor-
mance of this device, with a concentration on survivorship,
clinical function, and radiographic outcomes.

Materials and methods

Between July 2009 and February 2011, a total of 709
cementless THAs were completed in two clinics. The study
device was used in 152 of these hips (144 patients), which
served as the population for the current study. Pathological
offset (caput-collum-diaphyseal angle smaller than 125° or
larger than 145°), Dorr C “stovepipe” femur morphology
[18], poor bone quality, rheumatoid arthritis, or osteoporotic
bone found intraoperatively were not considered eligible for
short-stem THA. Eight (5.6%) patients underwent THA in
both hips. Ethics committee approval was obtained prior
to study commencement, and all patients provided written
informed consent.

The average + standard deviation (SD) age of the study
population was 67.8 +12.0 years. Eighty-two patients
(56.9%) were male.

The Parva stem was designed to allow for high-neck
resection, in order to increase the torsional stability of the
implant and to avoid damage to the abductor muscle and
greater trochanter during implantation. The prosthesis is
triple-tapered and collarless, with a lateral flare that con-
forms to the proximal internal geometry of the metaphysis
(Fig. 1). The implant is made of titanium alloy employing
the electron beam additive manufacturing (EBM) process,
and, to the best of our knowledge, it is the first hip stem pro-
duced employing such a technology. EBM also allows for the
creation of monolithic, open, three-dimensional macrostruc-
tures (“Ti-Por”). The macrostructure covers approximately
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Fig.1 The Parva stem is shown

65% of the stem and has an average porous size of 700 pm.
The macrostructure is built simultaneously with the actual
femoral stem, and the integration of these two normally dis-
tinct processes provides added implant strength. The stem
is available with a modular neck made of Ti-6Al-4 V alloy,
and as a monoblock version. Only the modular version has
been used in the present study.

All stems were used in combination with the cementless
Fixa Ti-Por Cup (Adler Ortho), a cup manufactured with
the same technology and with the same 3D, monolithic sur-
face as the Parva stem, in combination with a Biolox Delta
head (Ceramtec GmbH, Plochingen, Germany) and a highly
crosslinked liner (Adler Ortho) or a Delta liner (Ceramtec
GmbH). All implantations from the first site (n=92) were
performed by one surgeon (MS) using a minimally inva-
sive, posterior approach in all cases. The implantations from
the second site (n =60) were performed by a single surgeon
(LRB) who employed a minimally invasive, anterolateral
approach in all cases.

Neck osteotomy level was referenced from the center
of the femoral head employing a special jig. The cut was
set at approximately 25 mm below the center of rotation
of the native femoral head, a reference corresponding to a
short neck with a medium-length head in order to avoid any
unnecessary limb lengthening, while still allowing for a cer-
tain degree of shortening if needed.

Intraoperative axis measurements were performed
during sequential broaching in order to prevent implant
malalignment.

Fifty-percent partial weight bearing was allowed from
the first postoperative day and for four to five postopera-
tive weeks, depending on the patient’s weight and general
condition. Physiotherapy was initiated on the day of surgery.
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Along with the demographic data, comorbidities,
the Harris Hip Score [19] and the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC)
[20] were evaluated preoperatively and during follow-up.
Any intra- or postoperative complications were recorded.
Anteroposterior (AP) and lateral radiographs of the proxi-
mal femur were taken preoperatively, immediately post-
operatively, and during the follow-up evaluation (with
the patient standing in an upright position). All radio-
graphs were analyzed for the presence of radiolucent lines
(RLLs), osteolysis, and bone resorption using the Gruen
classification [21]. RLLs were defined as regularly shaped
zones between the implant and the surrounding bone,
usually parallel to the implant surface. Osteolysis was
defined as an irregularly shaped, radiolucent zone along
the implant-to-bone interface, irregularly demarcated from
the surrounding bone and potentially with breaks or signs
of resorption [22]. Bone resorption was assumed to be
present when the bone appeared darker, thinner, or more
osteopenic on follow-up radiographs than on the imme-
diate postoperative radiographs [23]. Stress shielding
was defined as the presence of medial and lateral cortical
bone thickening with proximal femoral bone resorption
and RLL around the tip of the stem. The Brooker classi-
fication was used to assess periarticular ossification [24].
Leg-length inequality was determined clinically during the
follow-up examination, and radiographically with an AP
view of the pelvis in the upright position.

Offset reconstruction was analyzed by comparing
the preoperative and postoperative horizontal distance
between the femoral axis and the midline of the pelvis at
the height of the lateral tip of the greater trochanter [25].

Fig.2 69-year-old female
patient. a Preoperative anter-
oposterior radiograph. The
patient experienced an intraop-
erative calcar cracking, which
was treated with a cerclage. b
Anteroposterior radiography

at 5-year follow-up. Correct
implant position, and a well-
osseointegrated stem

(a

Continuous data are presented as a mean + standard
deviation (SD). Categorical variables are presented as fre-
quencies and percentages. Survivorship was calculated using
Kaplan—Meier analysis.

Results

From the original patient cohort, 1 patient (1 hip) was lost
to follow-up, and 6 patients (6 hips) had died for causes
unrelated with the index procedure. One patient (1 hip) did
not attend the final follow-up due to a revision for peripros-
thetic femoral fracture occurring 1 month postoperatively
and not related to the procedure. Hence, the study popula-
tion comprised 144 hips (136 patients). The study popu-
lation had a mean follow-up time of 56.2 +11.9 months
(range, 42.7-71.8 months). The mean HHS had increased
from 53.5+15.7 preoperatively to 96.5+6.7 at the final
follow-up. The WOMAC score improved from 23.3 +1.5
to 1.6 +4.4 at the final follow-up. At the last follow-up, 18
patients (12.5%) reported slight pain, and one patient (0.7%)
reported mild pain. Only one patient reported moderate pain.
None of the patients reported thigh pain.

Among these patients, nine (45.0%) had slight limping
and walking difficulties related to multiple joint disease and
chronic back pain. Two patients (10.0%) reported discomfort
due to leg lengthening; in one patient a leg lengthening of
5 mm and in the other patient a leg lengthening of 18 mm
was found.

Except for a periprosthetic fracture treated intraopera-
tively with cerclages (Fig. 2), a case with Brooker 4 peri-
articular ossification that required surgical removal of the

(b)
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ossification, and the previously mentioned postoperative
periprosthetic fracture, no major complications occurred.

On radiographs, neutral stem alignment was achieved in
all but 2 hips (1.4%). In two instances, the stem had been
positioned in slight varus. In both cases, this was associated
with the cervico-diaphyseal angle below 125°. In most cases,
it had been possible to preserve a large part of the neck, and
in all cases, an isthmic fixation was obtained (Fig. 3). Six
hips (4.2%) showed non-progressive radiolucent lines of less
than 2 mm width at the lateral stem edge/bone interface.
Stress shielding was not observed in any of the patients.
In 16 hips (11.1%), periarticular ossification (Brooker 1)
was observed. Brooker 2 was identified in 5 hips (3.5%),
Brooker 3 in 4 hips (2.8%), and Brooker 4 in 1 hip (0.7%).
No patients had a femoral offset greater or less than 5 mm
from native femoral offset.

The five-year Kaplan—Meier survival for stem revision
for aseptic loosening was 100%. Five-year Kaplan—-Meier
survival for revision of any component for any reason was
99.3% (95% CI, 95.2-99.9%).

Discussion

Bone-conserving stem designs have become increasingly
popular in THA during recent years, with encouraging mid-
term results noted that are comparable with those of more
traditional cementless stems [26, 27]. Retention of the femo-
ral neck, in combination with metaphyseal fixation of the
prosthesis, provides excellent component stability, although
several requirements must be fulfilled [8]. Firstly, the proxi-
mal femoral bone must be of good quality as the primary sta-
bility relies on the cervico-metaphyseal area. Secondly, the
recipient’s hip anatomy may be compromised on the epiphy-
seal side only and should not be affected on the cervical area.
One of the purposes of the surgery is to preserve a larger part

of the femoral neck in order to increase torsional resistance
for additional primary stability and to extend the surface area
for secondary bone ongrowth. The authors, therefore, believe
a short stem must allow for proper neck preservation because
by shortening the stem length, we only diminish the area of
bone contact, which reduces both primary and secondary
stability. This is the main difference between a short stem
designed for the purpose of cervical and metaphyseal fixa-
tion and an ordinary short stem; the latter de facto reduces
its bone contact (and ongrowth area) and does not provide
any additional torsional stability.

The stem used in this study retains a large part of the
femoral neck and does not lock below the lesser trochanter
in order to minimize the problem of stress shielding and
thigh pain. These are problems which may occur even in
conventional short stems, which find their stability in an
area around and below the lesser trochanter (i.e., the isthmus
level) [28].

Despite this, to the best of the authors’ knowledge, there
are only very few short stems available designed according
to the same concept as the study device.

This is the first paper describing clinical outcomes with
the bone-conserving, modular, triple-tapered stem manufac-
tured with a powder technology process. Our study showed
that good clinical and radiographic results were obtained
with a calcar-loading short stem with lateral flare after an
average follow-up of 56 months. Stress shielding, implant
tilting, subsidence, and aseptic loosening were not noted in
our study population, which is indicative of the load transfer
and the good primary and secondary fixation of the device.

Our results are in agreement with publications with con-
ventionally manufactured (forged) neck-preserving stems.
Toth et al. reported good preliminary results and no device
loosening with a device with a similar fixation principle in a
young cohort of patients [29]. Kim et al. found no reported
loosening, minimal stress shielding, and a mean Harris

(a

(b) ()

Fig.3 58-year-old male patient with short hip-stem implant is shown. a Preoperative anteroposterior radiograph. b Immediate postoperative
radiograph. Note the correct implant position. ¢ Anteroposterior radiography at 5-year follow-up shows a stable, well-osseointegrated stem
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Hip Score of 96 points at a mean follow-up of 4.5 years
after implantation of a device with similar fixation principle
[29]. Notably, we did not engage in any age restrictions for
the device in our study population, with almost 20% older
than 75 years at time of surgery.

In the current study, we selected our patients according
to bone quality, and good results were obtained in both Dorr
A and Dorr B proximal femoral types. The results from the
present study are supported by Kim et al. [15]. The authors
reported good radiographic and clinical outcomes at 7 years
using a metaphyseal-fitting (non-femoral, neck-retaining)
cementless anatomic stem, with results in patients with
osteoporotic (Dorr C) bone being non-inferior [15].

The stem used in our study offers modularity at the
neck—stem junction. This allows for the patient’s individual
biomechanics to be reconstructed by restoring the unique
physiological offset and rotation of the proximal femur while
avoiding postoperative leg-length inequalities. Recent stud-
ies have shown that using non-modular, standard cementless
femoral components led to high pre- and postoperative vari-
ability of femoral anteversion and neck-shaft angles, as well
as a reduction in offset in nearly 30% of patients [30]. In our
series, femoral offset was restored in all cases.

This short hip stem aims to preserve femoral bone stock,
including the femoral neck. Consequently, the stem should
follow the anatomy of the femoral neck [17]. Early neck-
sparing stem designs reported a high percentage of post-
operative leg-length discrepancies, which has been attrib-
uted to the higher femoral resection level [17]. The surgical
technique of the study device has been conceived in a way
that this issue is avoided. The neck osteotomy level is refer-
enced from the center of the femoral head at a level where
leg-length adaption according to patient’s anatomy is still
possible. The prevalence of leg-length discrepancy in the
study population was low—only one patient had a leg-length
discrepancy exceeding 5 mm.

Several studies have reported breakages and failures due
to corrosion at the neck-stem junction [31]. Corrosion has
been determined to be induced by coupling of two different
metal (Ti—-6Al-4 V and Co—Cr—Mo) alloys [32]—a com-
bination that has not been used for the product used in our
study. Good results with titanium-on-titanium TiAl6V4
modular necks have previously been reported by Ollivier
et al. [33] and Omlor et al. [34], without elevation of sys-
temic titanium ion levels in the medium term when com-
pared to non-modular stems [34]. However, long-term data
from larger registries will need to confirm these preliminary
findings.

Our study is limited by its non-randomized, observational
nature, which leaves it open to selection bias. The uncon-
trolled study design does not allow for inferences about dif-
ferences in performance between neck-preserving and stand-
ard hip stem designs. Furthermore, relying on data from our

two centers means we cannot conclude that our findings are
applicable to other institutions, where other eligibility cri-
teria, surgical techniques, and rehabilitation protocols may
be employed. The relatively short follow-up time and small
number of patients for which clinical data were available
also complicates our ability to draw firm conclusions regard-
ing the efficacy of this device compared with conventionally
manufactured neck-preserving stem designs. The size of the
patient cohort is not uncommon for studies of this length
and type [27]. However, larger patient series with a longer
follow-up will be necessary to assess the extent of the ben-
efits and limitations of this device and this manufacturing
technology in total hip arthroplasty.

The current study has shown that implantation of the
Parva stem leads to good clinical and radiographic outcome
after a mean follow-up of 56 months. No implant malalign-
ment was observed, and stress shielding and aseptic loosen-
ing were also not seen.

We believe that the rationale of a stem providing a meta-
physeal fit coupled with femoral neck retention should be
taken into consideration now that a larger part of our patient
population faces a longer life expectancy and high activity
level.

The use of a stem built and designed according to the
concepts presented in this paper may diminish many of the
technical difficulties related to stem revision or related to
the management of periprosthetic femoral fractures that may
occur within a life span. Multi-center studies with larger
patient samples alongside results from national joint regis-
tries are warranted to confirm our findings.
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