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ABSTRACT

Objectives: We aimed to determine 2- to 5-year stem survivorship rate, intraoperative fractures, subsidence and thigh pain rate
in a consecutive, independent, one-surgeon series of surgical patients in whom a type 2B short stem was implanted. Materials
and Methods: We reviewed the first 100 type 2B consecutive femoral short stems implanted in 84 patients with a mean age of
47 years old. Indications included age younger than 55 years (85 hips) or participation in impact sports in patients aged 56 to 60
years old (15 hips). Initial diagnosis was osteoarthritis in 82% of the cases. Median follow-up was 42 months. Results: Stem sur-
vivorship rate was 99% after 2 to 5 years followed by stem revision for any aseptic reason, and 98% when infection played a part.
Mean Harris Hip Score improved significantly from 55 to 96 at final follow-up (p = 0.02). There was one lateral cortex perforation,
and three intra-operative calcar partial fractures (3%), only one of them required cerclage wiring and delayed weight-bearing. None
of the patients presented with thigh pain at final follow-up. Only one case subsided 4 mm, but then stabilized. The risk of revision
was 1% after 2 to 5 years (95% Cl 93.1-99.8%). Conclusions: We achieved promising short-term results with this device in this
single-surgeon, non-consecutive series—including the learning curve period—using a type 2B short stem in young active patients
in whom bone preservation was warranted.
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Reemplazo total de cadera con un tallo corto no cementado tipo 2B: resultados a los 2-5 afios
de seguimiento

RESUMEN

Objetivo: Determinar los resultados clinicos, la supervivencia y la incidencia de fractura periprotésica intraoperatoria con un
tallo corto tipo 2B de fijacion cervicometafisaria. Materiales y Métodos: Se analizaron prospectivamente los primeros 100 tallos
(84 pacientes) MiniHip™ (Corin, Cirencester, Reino Unido) colocados, en forma consecutiva, por un mismo cirujano. La edad
promedio fue de 47 afos. La indicacién para un tallo corto fue: edad <55 afios (85 casos) o la participacion previa en deportes
de impacto en pacientes de entre 56 y 60 afios (15 casos). El diagnéstico inicial fue artrosis primaria de cadera en el 82% de los
casos. El seguimiento promedio fue de 42 meses. Resultados: El puntaje en la escala de Harris modificada mejord de 55 a 96
al final del seguimiento (p = 0,02) y ningun paciente refirié dolor de muslo en el posoperatorio. La supervivencia del tallo fue del
99% (IC95% 93,1-99,8). Un caso presenté una perforacion de la cortical lateral intraoperatoria, tratado con revisién con un tallo no
cementado convencional. Un paciente tuvo una infeccién aguda, que fue tratada con desbridamiento, retencién de componentes
y antibiéticos, con resultado favorable a los 48 meses de la cirugia. Se produjeron 3 fracturas incompletas del calcar intraopera-
torias (3%). Conclusiones: Se obtuvieron resultados excelentes en esta serie de pacientes jévenes y activos operados por un
mismo cirujano con un tallo corto tipo 2B, a los 2-5 afios de seguimiento, con un 1% de falla por falsa via femoral intraoperatoria.
Palabras clave: Artroplastia; tallo corto no cementado; artrosis de cadera.
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Hip replacement with a type 2B uncemented short stem: Results of 2 to 5 years of follow-up

INTRODUCTION

Cementless femoral fixation is one of the main options for hip replacement in young patients. Although short
stem designs are not new,' increasingly less invasive approaches have recently resurfaced. Currently, there are
multiple short stem options on the market.>* This reflects an evolution of the current market towards bone and soft-
tissue preservation in hip replacements.

Considering that not all short stems are the same, Khanuja et al.” classified most of the available designs. Type
2B are those oval shaped with vertical grooves that resist torsion. These designs are intended to preserve part of
the femoral neck, allow immediate stability on the three planes of motion and an all-around contact between the
prosthesis and the bone. These stems have been designed to be in a certain direction towards the lateral cortex in
order to achieve primary stability and allow consistent weight-bearing.

Most of the complications related to this type of short stems are intraoperative femoral fractures, which inci-
dence varies between 0% and 13.3% in published series (average 2.6%), and thigh pain in 2% of cases. Average
survivorship of this short stem type has been reported, in 93% of 651 cases with the collum femoris-preserving
(CFP) design (ESKA Implants, Liibeck, Germany), at 5 years on average, taking into account aseptic loosening as
the final point of analysis.* '

Kendoff et al.'" and other authors'>** have reported a 99% stem survivorship rate in 1394 cases with an average
follow-up of 6 years using the CFP design (Waldemar Link GmbH, Hamburg, Germany). There are few reports
published on the results achieved with the MiniHip™ stem (Corin, Cirencester, UK):** a single series of patients
operated on by a surgical team independent of the designers.”

The aim of this study was to determine short-term prosthesis survivorship, incidence of intraoperative femoral
fractures, subsidence and thigh pain rate in an independent consecutive series of the first 100 young and active
patients who received the MiniHip™ stem. Surgeries were performed by the same surgeon.

MATERIALS AND METHODS

From November 2010 to December 2013, 84 patients (100 hips) were treated with type 2B short stem hip re-
placement. These cases included the surgeon’s learning curve, since they were the first procedures, and patient
follow-up was performed prospectively. Sixteen patients were operated on sequentially, on both sides, on the same
day. The average age was 47 years (range 17-58); 75 were men and 25 were women. In this series, the indications
for a short stem were as follows: young patients with a maximum age of 55 years (85 cases) and patients between
56 and 60 years old who had practiced impact sports in the past (15 cases).

The sports or activities defined as impact sports were: running, football, tackwondo, squash and aerobic gymnas-
tics trainers. During this period, we used another type of conventional cementless implant in six patients aged <55
years old whose health insurance did not cover the use of a short stem, two patients with osteosynthesis materials in
the proximal femur, two cases of osteonecrosis with involvement of femoral metaphysis and neck, two cases with
a history of contralateral surgery with a conventional stem and one case of severe growth dysplasia that required a
subtrochanteric shortening osteotomy. The same surgeon performed the 280 primary hip replacements in patients
over 55 years old.

In only two cases, in which a short stem placement was planned, the anatomical conditions of the proximal
femur led the surgeon to place a conventional hydroxyapatite-coated rod with metaphyseal-shaft fixation (Meta-
Fix™, Corin, Cirencester, UK).

The average body mass index of the group was 27 (range 22-37). The primary diagnosis was primary osteoar-
thritis (82 cases), growth dysplasia (6 cases), osteonecrosis (8 cases), idiopathic chondrolysis of the hip (2 cases),
sequelae of Perthes disease (1 case) and pigmented vellonodular synovitis (1 case).

All patients were implanted with a cementless Trinity™ cup (Corin, Cirencester, UK) with a MiniHip™ short
stem. This design is characterized by a short stem without a titanium collar (Ti-6Al-4V), coated with a double layer
of hydroxyapatite, which partially preserves the femoral neck, and has a polished distal end. It was approved by the
Food and Drug Administration in 2010 and has been used in Europe since 2006.

There are 9 size options with a 130° metaphyseal-neck angle, and its vertical grooves are designed to resist tor-
sion (Figure 1).
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Figure 1. MiniHip™. Short cementless stem,
without titanium collar (Ti-6Al-4V), coated with
a double hydroxyapatite layer and a polished
distal end.

Preoperative planning was performed according to conventional analog methods.?**” Cutting of the femoral neck
was carefully planned depending on the surgical approach to avoid excessive elongation of the operated leg and
to determine hip lateralization. In cases of increased lateralization, a more vertical neck cut was performed and, in
cases of decreased lateralization, a more horizontal one, as is well described by Teoh et al’.

All patients were operated on by the same surgeon, using hypotensive epidural anesthesia, in a laminar flow
operating room, through a minimally invasive posterolateral approach. After surgical dislocation of the hip, the
femoral neck was cut depending on preoperative planning. Next, acetabular preparation and implantation of the
Trinity™ cup were carried out. The external diameter of the cup was 54 mm on average (range 48-60). In 95 cases,
1 to 3 screws were used according to the quality of the fixation after placement. In 5 cases, no screws were placed.
The entry point into the femur was calculated 4 mm lateral to the center of the femoral neck. In order to avoid a
new cortical perforation, from the sixth case on, a step was added to the original surgical approach using a curved
vascular clamp in the direction of the femoral canal. Upon observing bone marrow residues from the femoral canal,
the first drill bit was placed.

Next, the proximal femoral bone was compacted with progressively sized drill bits until rotational stability was
obtained, considering that this stem is designed to be in contact with cancellous bone and with neck and metaphy-
seal cortex. After obtaining a stable implant on the three planes, the definitive prosthesis was placed together with
the head component.

The chosen loading surface was ceramics: fourth generation Delta® ceramics (Biolox, Ceramtec AG, Plochin-
gen, Germany) in 96 cases and Delta® ceramics on highly-cross-linked-polyethylene in four patients whose health
insurance did not cover the other type of implant. The femoral head diameter depended on the external diameter of
the cup: 36 mm (51 cases), 40 mm (34 cases), 32 mm (14 cases) and 28 mm (1 case).
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The average implanted femoral stem size was 4 (range 1-9) (Figure 2). The average operating time was 58 min-
utes (range 35-85). Cefazolin was administered as a prophylactic antibiotic agent for 24 hours, except in two pa-
tients who received an alternative antibiotic due to a confirmed allergy to betalactam antibiotics. Thromboembolic
prophylaxis was administered with rivaroxaban (Xarelto®, Bayer Schering Pharma AG, Wuppertal, Germany) to
30 patients with intermediate risk of deep vein thrombosis, and aspirin 325 mg/day PO to 54 low-risk patients; both
anticoagulants were prescribed during the first 3 weeks after surgery.”

The protocol for postoperative rehabilitation consisted of early weight-bearing depending on pain tolerance, 24
hours after surgery, with the use of two canes, for 15 days, and then progression to one cane until the 21* day after
surgery. Patients operated on both hips on the same day continued to use some kind of support until the fourth week
after surgery. No-contact or impact sports were allowed until the third month after surgery, and could be resumed
on the sixth month after surgery.

Patients were followed-up, prospectively, at 2 and 6 weeks, 3 and 6 months after surgery and then once a year.
The modified Harris preoperative and postoperative functional scale was used.” Demographic and radiographic
data were collected and analyzed by two hip surgeons in training at our Center. Bone fixation of the stem was de-
termined by comparing the initial postoperative X-rays with those of the last follow-up using the Engh score.* The
location of radiolucent lines was evaluated according to the seven areas described by Gruen ef al. on AP X-rays of
both hips.* Stem subsidence was evaluated by comparing the immediate postoperative X-rays with those of the
last follow-up using the Alma Medical Imaging System (Alma, Barcelona, Spain).

At the last follow-up visit, the type of sports played by the patient and the number of weekly hours were re-
corded, as well as the presence of thigh pain. Implant survivorship was calculated using the Kaplan-Meier method
with 95% confidence intervals (CI).*!

RESULTS
Stem survivorship was 99% (95% CI 93.1-99.8%) in an average follow-up of 42 months (range 24-64) for any
aseptic reason and 98% when infection played a part (Figure 2).

Figure 2. A. Preoperative AP X-ray of both hips. Case 28, a 52-year-old patient with primary osteoarthritis of the left hip.
B. AP X-ray of both hips. Left hip replacement with a MiniHip™ stem, 4 years after surgery.

None of the patients were lost to follow-up. The most serious complication occurred in case 6: perforation of
the lateral cortex (Figure 3A), which was treated on the same day by changing the short stem to a conventional
hydroxyapatite-coated stem with metaphyseal-shaft fixation (MetaFix™) (Figure 3B). There were three partial
intraoperative calcar fractures (3%), of which only one required wire cerclage and partial weight-bearing during
30 days after surgery. There was a 4-mm subsidence, which stabilized 45 days after surgery without treatment due
to the absence of symptoms (Figure 4).
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Figure 3. A. Immediate postoperative AP X-ray

of the left hip of a 21-year-old patient (case 6) with
idiopathic chondrolysis of the hip who suffered cortical
perforation after bilateral sequential hip replacement.
B. AP X-ray of both hips, 5 years after revision surgery.
The modified Harris score was 95 for each hip.
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Figure 4. Kaplan-Meier survival analysis considering the revision of the stem for any
cause as an end-point.
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There were no cases of thigh pain or dislocation. The Harris average functional score improved significantly
from 55 before surgery to 95 (range 82-100) at the last follow-up (p < 0.05).2® At the last follow-up, 24 patients
ran more than 5 km/week, 18 swam 1 or 2 times/week, 12 cycled more than 2 h/week, 8 practiced golf without
restriction, 6 played non-competitive football, 6 practiced martial arts, 2 played basketball and 1 resumed squash.
The average weekly sports activity was 6 hours, and 20 patients practiced more than one sport at the last follow-up.
Return to sports activity occurred, on average, at 4.4 months (range 3-7).

In all cases, osseointegration was confirmed using the Engh score®. None of the stems showed radiolucent
lines. Average limb discrepancy was 1.7 mm (range -4.7/+7 mm). Average femoral lateralization increased 4.6
mm (range -4/+7 mm). Six patients presented bone remodeling of the femoral neck and 3 presented hypertrophy.
One suffered a deep acute infection that was successfully treated with debridement, component retention and
antibiotics.

DISCUSSION

The revision rate in this consecutive series of patients operated on by the same surgeon, which included the
learning curve period, was 1%. The Kaplan-Meier analysis for cumulative failure showed a stem survivorship of
99% at an average of 42 months due to aseptic failure and 98% when infection played a part.’!

Currently, there are multiple short stem designs with different results reported (Table). A systematic literature
review including 19 studies with different designs with a follow-up of less than 5 years has shown an adequate
stem survivorship.*?

Table. Results of the different publications comparing different type 2B short stems in primary hip surgery

Stem Number Average follow-up Survivorship due to
Author Year . s oo ot
design of hips (months) aseptic failure

Ender* 2006 CUT 67 60 89%
Ender® 2006 CUT 56 60 88%
Ender® 2007 CUT 123 60 87%
Rudert* 2007 CUT 49 37 96%
Steens* 2010 CUT 99 78 98%
Nieuwenhuijse® 2012 CUT 39 60 95%
Pipino® 2004 CFP 353 42 99%
Rohrl* 2006 CFP 26 24 100%
Gill"° 2008 CFP 75 43 100%
Pons?! 2010 CFP 138 38 99%
Briem! 2011 CFP 155 74 99%
Nowak?® 2011 CFP 49 82 98%
Kress® 2012 CFP 38 84 97%
Molfetta? 2011 CFP 153 42 99%
Ghera’ 2013 CFP 126 66 100%
Kendoff'® 2013 CFP 149 132 97%
Jerosch' 2013 MiniHip™ 181 36 98%
Teoh? 2016 MiniHip™ 275 37 99%
This study 2016 MiniHip™ 100 42 99%
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Despite advances in prosthetic design and surgical approaches, anatomical reconstruction of the hip continues
to be a considerable challenge. When an anatomical reconstruction of the hip is not achieved, the results are
unsatisfactory.® Discrepancies in length and lateralization lead to disorders in adjacent joints, such as the knee
or the lumbosacral spine, and represent one of the main reasons of medical malpractice litigations in the United
States.]3'26'34’35

Stem manufacturers mentioned on this paper have published 250 consecutive cases with the MiniHip™ stem in
four surgical centers, and reported a change in lateralization of 0.28 cm after surgery and a small decrease of -0.51°
in the neck-shaft angle. The length of the operated leg increased 0.09 cm in this series.” However, a detailed clini-
cal analysis focused on implant survivorship and associated complications was not included.

Recently, the ability to radiographically restore hip biomechanics using three different prosthetic systems has
been reported.*® By comparing a type 2B short stem, a conventional cementless stem, and a hip surface replace-
ment, the authors have been able to determine that the rotation center was restored equivalently with the three
systems. As for control of leg length, the short stem was superior to the other two systems, and the surface stem
better controlled lateralization compared to the healthy contralateral hip. In our series, average limb discrepancy
was 1.76 mm (range -4.7/+7 mm) and average femoral lateralization increased 4.56 mm (range -4/+7 mm), which
is acceptable compared to those in other series in which the control of these parameters has been less predict-
able.**?7 Unlike joint surface replacement, we believe that the learning curve with this design can be quickly
overcome, giving patients the opportunity to preserve femoral bone stock, especially in young and active people.
Likewise, Wedemeyer et al. described a strong correlation between preoperative planning and intraoperative
measurements and a low correlation with lateralization, neck-shaft angle and correction of leg length using a type
2A short stem.”’

Teoh et al. published a series of 275 patients who received the MiniHip™ stem with favorable results in a
follow-up of 1-6 years. In this series, the complications were intraoperative calcar fractures (3%), a revision rate
of 0.75%, and a 6.5% subsidence rate in the follow-up period.* Although said study includes a series of patients
operated on by a single surgeon, age varied between 20 and 84 years, and they used different cup designs and
combined different loading surfaces. The upper age limit in this series of patients may explain the high rate of
subsidence.

Kim et al. published a high-quality scientific analysis that compares a group of patients operated on both sides,
sequentially, with type 3 short stems on one side and conventional stems on the other side, followed-up prospec-
tively for a minimum of 10 years.*® However, the design of the short stem they used has been recalled from the
market due to technical issues.” Using the Wright et al. classification, which offers recommendation levels based
on the overall quality of the publications, Khanuja et al. stated that there is not enough evidence to currently
recommend routine use of type 3 stems.’

Our interest in short stems began in 2010, when the results of joint surface replacement started to be poorer due
to the design that we used back then, in young and active patients, and also due to complications being reported,
such as pseudo-tumors and adverse reactions derived from metallic debris.” After a detailed analysis of the short
stems available in our country, we chose a system that was similar to the one we used for conventional cementless
stems, with excellent results after a 20-year follow-up.*’ The hydroxyapatite-coated surface, as well as the loading
surface, were exactly the same as those we used at the time. This chosen design was approved by the Food and
Drug Administration and was popular in Germany, and was not only 42% shorter than a conventional cementless
stem, but also, according to various publications, preserved part of the femoral neck.*' The area of shaft fixation is
compensated by the increase in the fixation area if part of the femoral neck is preserved. Contrary to joint surface
replacement, the surgical approach used with this short stem is much simpler and similar to the implantation of a
conventional stem. The only necessary change we have observed is the need for a more proximal femoral neck cut.

After the only femoral cortical perforation in case 6, we have not seen this complication in the following 344
cases operated on until today using a curved vascular clamp to enter the femoral canal.

There were 3 partial calcar fractures that did not require treatment, except for partial weight-bearing for 30 days,
a complication that was also observed with other conventional cemented and cementless designs. Thus, we recom-
mend that, whenever a short stem is implanted, a conventional stem is also available to use if anatomical conditions
or intraoperative complications arise during surgery.

This study has several limitations. First, the lack of comparison with a group of patients with similar charac-
teristics, operated on with a conventional design, and the short follow-up lead to a low estimation of survivorship
analyzes. We are aware that a study on a new implant requires a longer follow-up period and a comparison with
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another design. Many implants seem to work properly in the short term; these findings are confirmed by retro-
spective series of few patients, and are adopted to later show that their results are poorer than those obtained with
conventional implants. Second, the fact that not all patients <55 years were operated on with this same stem in
this study, for anatomical or financial reasons, could be an indication bias, but, in the same way, there are femurs
that cannot be reconstructed with a conventional cementless stem. Third, we only compared published results with
type 2B stems and not with those of other types of short stems; the reason for this limited comparison is the large
number of publications on short stems. As strengths of the study, we can mention the prospective follow-up and the
fact that all patients were operated on by the same surgeon; this way, we could include the learning curve, which
avoids experience bias.

In this consecutive series of young patients operated on by the same surgeon and with the same short stem
design, the risk of revision was 1% at 2-5 years. We believe that the indication for this type of femoral implant is
warranted in young and active patients, not with the intention of overcoming already-proven results with reliable
conventional implants, but to reproduce them with a higher femoral bone stock preservation.

Conflicts of interests: the authors claim they do not have any conflict of interests.
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