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ARTICLE INFO ABSTRACT

Keywords: Aim: Short-stem total hip arthroplasty is designed to preserve proximal bone stock in case of eventual revision,
Total hip arthroplasty potentially benefiting younger and more active patients. This prospective, single-center study assessed the safety
Short stem

and performance of the partially neck-sparing Nanos™ short-stem uncemented prosthesis at 24 months using
clinical outcome scores and radiographic results.

Methods: Between April 2011 and February 2015, 52 subjects (mean age, 54.9 years) underwent total hip ar-
throplasty and were followed up at 3, 6, 12 and 24 months. The primary outcome was improvement in quality of
life as measured by the Short-Form 36 Mental Component Score (SF-36 MCS). Secondary clinical outcomes
included the Harris Hip Score, Hip Disability and Osteoarthritis Outcome Score, Postel Merle d’Aubigné-Score,
Activity Level University of California, Los Angeles score, and Pain Visual Analogue Scale. Complications and
radiographic images were also recorded at each follow-up.

Results: Mean SF-36 MCS score significantly improved from baseline to final follow up at 24 months (61.3 vs.
79.5, respectively; p < 0.001). All secondary clinical outcomes also showed significant improvement
(p < 0.001) during this time period. Neutral stem positioning was achieved in 45 subjects (86.5%). Two
subjects (3.8%) underwent revisions: one for a periprosthetic fracture unrelated to the study device and another
due to a prosthetic joint infection. Intraoperatively, one fissure fracture of the acetabulum occurred.
Conclusion: Total hip arthroplasty with the Nanos short-stem led to significant clinical improvements and a high
subjective satisfaction rate at 24 months. Further follow-up will determine whether these effects are sustained in
the long term.

Quality of life
Patient-reported outcomes
Uncemented

from homogeneous in their design or anchorage philosophy.>* The
most widely applied method for classifying these stems is according to

1. Introduction

As the number of total hip arthroplasty (THA) procedures being
performed continued to rise over the last two decades, it became ap-
parent that novel implant designs were required to meet the needs of a
wider variety of patients.’ Short-stem hip implants were introduced in
the late 1990s primarily for younger and more active patients, who are
presumed to place higher demands on their implants than those who
had traditionally undergone THA in earlier years. Short-stem implants
were hypothesized to provide superior conditions for subsequent revi-
sion surgery, should it be required, by allowing for greater preservation
of the proximal femur, more balanced bone remodeling, and enhanced
physiologic load transfer.”*

Despite their shared treatment goal, short-stem implants are far

whether they preserve, partially spare, or resect the femoral neck.”
Given the number of unique designs within this class, there is a need for
high-quality prospective studies to evaluate clinical and radiographic
outcomes and patient safety for every available stem.

The Nanos is a short-stem uncemented prosthesis (OHST
Medizintechnik AG, distributed by Smith & Nephew GmbH, Marl,
Germany) available on the market since 2002. It is made of a plasma-
coated titanium forged-alloy (Ti6Al4V), and has a porous calcium
phosphate coating in the proximal part and a polished tip. The Nanos
belongs to the partially neck-sparing subgroup of short stems and
strives for a metaphyseal and partially diaphyseal anchorage.”

Good primary stability and osseointegration in 17 subjects who
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underwent radiostereometric analysis (RSA) for up to 24 months after
implantation with the Nanos were previously reported.” The current
study aims to provide additional information on the safety and per-
formance of this femoral implant through the reporting of clinical
outcomes, radiographic outcomes, and complications among the full
cohort of participants.

2. Methods
2.1. Study design and subject cohort

After obtaining approval from university's ethical review com-
mittee, 60 subjects scheduled to undergo primary THA were enrolled in
this prospective, single-center study between April 2011 and February
2015. Inclusion criteria were age between 30 and 65 years at date of
surgery and at least three months between surgical procedures in case
of bilateral THA. Subjects were excluded if they met any of the fol-
lowing criteria: previous bone or soft tissue surgery of the affected hip
except for arthroscopic surgery, a local or systemic infection, a pre-
viously diagnosed osteoporosis, a femoral neck angle of > 145°
or < 125°, diseases of the cardiovascular system involving particularly
reduced load capacity in the everyday life, American Society of
Anaesthesiologists' (ASA) Score 3 or 4, a documented allergy to ele-
ments of the implanted device, a neurological disease with changed
motor function, pregnancy, a body mass index > 30, alcoholism or
addictive disorders.

This study was conducted in accordance with the ethical standards
of the responsible committee and with the ethical principles of the 1975
Declaration of Helsinki. The study was approved by the Ethical
Committee (EC) of the Hannover Medical School on Apr 28, 2010, by
the German Federal office for Radiation Protection on Sep 09, 2010,
and by the German Federal Institute for Drugs and Medical Devices on
Jan 19, 2011. The study was registered on ClinicalTrials.gov
(NCT04172129; https://clinicaltrials.gov/ct2/show/NCT04172129).
Written informed consent was obtained from all participating patients.

Eight subjects were excluded, with the remaining 52 subjects having
a mean age of 54.9 years (range, 39-65) at surgery (Fig. 1). There were
16 (30.8%) males and 36 (69.2%) females with a mean body weight of
77.8 kg. Indications for THA were primary osteoarthritis (n 39;
75.0%), dysplasia (n 10; 19.2%), osteonecrosis (n 2; 3.9%), and
rheumatoid arthritis (n = 1; 1.9%).

Of the remaining 52 subjects, 4 were lost to follow-up due to revi-
sion of the implant (n 2) or refusal to return due to absence of
symptoms (n 2). Full data analysis after 24 months is therefore
available for 48 subjects.

The following protocol deviations were recorded throughout the
study: early study termination (12 subjects), missed 3-month visit (1),
missed 1-year visit (1), missed x-rays (2), patient refused x-rays (2),
subject became pregnant (1), and informed consent used wrong footer
(10). Additionally, 4 subjects did not receive a pregnancy test.
However, all subjects reported not being pregnant, and a pregnancy test
was not written as a specific requirement in the study protocol, just the
patient information sheet. None of the protocol deviations required
reporting to the institutional review board/ethics committee.

2.2. Surgical procedure

All subjects underwent primary THA with the Nanos short-stem
uncemented prosthesis performed by the same senior surgeon. Nanos
(sizes 2-8) was implanted in combination with a ceramic femoral head.
Two subjects (3.9%) received a Plasmacup™ acetabular component
(Aesculap AG, Tuttlingen, Germany) and the remaining 50 (96.2%) an
EP-FIT Plus™ Cup (Smith & Nephew, Marl, Germany). The bearing
couple was ceramic/ceramic in 35 subjects (67.3%), ceramic/standard
polyethylene in 16 (30.8%), and ceramic/cross-linked polyethylene in 1
(1.9%). The surgical approach was either minimally invasive via an
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anterolateral approach (n = 23; 44.2%) or conventional via a direct
lateral approach (n = 29; 55.8%). All subjects were treated with full
load bearing and with a standardized physiotherapy protocol starting

the day after surgery.

2.3. Outcomes

Outcomes data were collected prior to surgery and at 3, 6, 12 and 24
months after surgery.

The primary endpoint was the evaluation of changes in quality of
life following THA by the use of the Short-Form 36 (SF-36) Mental
Component Score (MCS). The SF-36 assesses eight health concepts:
physical functioning, bodily pain, role limitations due to physical
health problems, role limitations due to personal or emotional pro-
blems, general mental health/emotional well-being, social functions,
energy/fatigue, and general health perceptions.®

Secondary clinical outcomes included the Harris Hip Score (HHS),”
Hip Disability and Osteoarthritis Outcome Score (HOOS),® Postel Merle
d’Aubigné-Score (PMA),’ University of California, Los Angeles (UCLA)
scale,'’ and pain Visual Analogue Scale (VAS)."!

Radiographic evaluation was conducted directly postoperatively
and at each follow-up point. The images were reviewed by the in-
vestigators and specific information regarding implant position, im-
plant fixation, heterotopic ossifications (HO), radiolucencies, osteolysis,
atrophy and hypertrophy were collected. HO was classified according to
the Brooker Classification System.'?

Complications were collected throughout the study and assessed for
severity and possible relationship to the study device.

2.4. Statistical analysis

Statistical calculation of sample size was performed based on esti-
mates of the effect size of the primary endpoint. A mean change in SF-
36 MCS from baseline to 2 years of at least 4 points was assumed. A
type I error () of 0.025 corresponding to the one-sided hypothesis test
and a type II error () of 0.1 (or statistical power, 1-f of 0.9) were
defined. With an expected change from baseline to 2 years in the SF-36
MCS of 7.9, a standard deviation (SD) of 8.5, and a minimal clinically
relevant change of 4, it was estimated that at least 50 subjects would be
required. Missing SF-36 MCS data from 3 months (first post-operative
time point) through the final study visit at 24 months were imputed
using the Multiple Imputation method.

Statistical analyses were performed using SAS version 9.4.
Statistical significance was assumed when p-values associated with any
test statistic used for any comparison was <0.05.

3. Results

The study's primary outcome, the mean SF-36 MCS score, sig-
nificantly improved by 18.2 points (SD, 17.36; 95% confidence interval:
16.0-20; p < 0.001) from baseline (61.3) to final follow up (79.5).
There was also improvement observed in all eight SF-36 sub-scores at
the four consecutive follow-up visits (Table 1). All sub-scores except for
general health and role limitations due to personal or emotional pro-
blems showed a significant improvement beginning at 3 months follow-
up. The general health sub-score significantly improved beginning at 6
months follow-up compared to baseline through to the final follow-up
at 24 months. The sub-score role limitations due to personal or emo-
tional problems significantly improved beginning 12 months after
surgery compared to baseline.

All other clinical outcomes showed significant improvements from
baseline to 24-month follow-up (Table 2).

Neutral stem positioning was achieved in 45 subjects (86.5%). Two
subjects showed a varus tilt of the stem of up to 5° and 5 subjects a
valgus position of up to 5°. The stem position was unchanged in 46
subjects (97.9%) at 24 months. One subject experienced a
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Fig. 1. Flowchart of subject availability.

periprosthetic fracture and initial subsidence of 11 mm, followed by
secondary stabilization. This led to a revision surgery, as furtherly de-
scribed below.

A cup positioning with an inclination angle of 40-50° and a neutral
stem positioning was achieved in 45 subjects (86.5%), whereas six
subjects showed an angle of < 40° and 1 subject of > 50°. Forty sub-
jects (76.9%) had a good bone-cup contact in all zones (1-3), whereas a
good stem-bone contact in all zones (1-7) was present in 49 subjects
(94.2%).

At final 24-month follow-up, there was no sign of HO in 36 subjects
(78.3%). HO of grade I was observed in six subjects (13.0%), grade II in
three (6.5%), and grade III in one (2.2%).

At the 24-month follow-up, femoral radiolucent lines were present
in nine hips (19.2%) in the distal area of the stem (Zones 3-6, Zones
10-12). However, no radiolucent lines > 1 mm were reported. There
was no femoral osteolysis in any subject. Sixteen subjects (34.0%) had
femoral atrophy in any zone and 17 subjects (36.2%) had hypertrophy
in any zone.

Complications occurred in 3 subjects (5.7%). An intraoperative
complication occurred in one case (1.9%), in the form of intraoperative
fissure of the acetabulum due to sclerotic bone. There were no early
postoperative complications. One subject (1.9%) had a revision surgery
of all implanted components two and a half months after surgery due to
septic loosening and an infection. One other subject (1.9%) had a
periprosthetic fracture identified at three month follow up, after the
first x-ray taken after mobilization had revealed normal findings
(Fig. 2). The patient reported load-dependent pain that had occurred
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after operative removal of renal calculus under general anaesthetic.
Any traumatic event could not be remembered. The fracture was not
considered related to the study device. Twenty months after initial
surgery, the subject underwent revision of the femoral head to a longer
neck due pain and gluteal insufficiency. The stem was osseously in-
tegrated and remained in situ. After revision surgery, the patient was
satisfied and did not report any persistent pain.

4. Discussion

This prospective, single-center study's primary aim was to in-
vestigate changes in clinical outcomes after THA with the Nanos short-
stem prosthesis. Compared with baseline measurements, significant
improvements were noted for all outcomes at 24-month follow-up.
Clinical outcomes were consistent with those reported in the earlier
subgroup analysis of 17 patients from this cohort.”

Because a wide variety of short-stem designs are available to sur-
geons and patients,” there remains a need to report clinical findings
with unique implants in order to gauge their relative safety and per-
formance. There are several publications detailing the clinical perfor-
mance of the Nanos.'*'® These studies uniformly reported beneficial
clinical performance with this implant at follow-up times of up to 5
years. All studies included HHS as an outcome, reporting mean scores in
the =90 range considered “excellent.” The only exception is the ana-
lysis by Czech et al.,'® who divided patients into cohorts of <60
and > 60 years of age, with the latter group reporting mean HHS of
85.3, a range nonetheless still identified as “good.” Amenabar et al.,'®
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Table 1
Summary of improvement in mean SF-36 sub-scores throughout the entire 24-month follow-up period.
Outcome Statistic Baseline 3 Months 6 Months 12 Months 24 Months
SF-36 MCS score N 51 51 51 51 51
Mean (SD) 61.3(19.7) 76.1 (18.7) 77.2(18.6) 80.9 (14.5) 79.5(14.5)
P value for change from baseline - < 0.001 < 0.001 < 0.001 < 0.001
SF-36 physical functioning N 52 49 48 48 48
Mean (SD) 30.6 (20.1) 64.1(25.7) 73.0(23.7) 78.2(21.4) 75.5(23.8)
P value for change from baseline - < 0.001 < 0.001 < 0.001 < 0.001
SF-36 Role limitations due to physical health problems N 52 50 48 48 48
Mean (SD) 26.0 (37.0) 51.0 (44.0) 75.0(38.9) 83.3(30.7) 82.8(35.4)
P value for change from baseline - 0.003 < 0.001 < 0.001 < 0.001
SF-36 Bodily Pain N 52 50 48 48 48
Mean (SD) 30.9 (19.0) 68.7(23.0) 76.0(22.3) 81.3(18.9) 83.6(17.9)
P value for change from baseline - < 0.001 < 0.001 < 0.001 < 0.001
SF-36 General Health N 52 50 48 48 48
Mean (SD) 63.5(17.4) 66.4(20.1) 70.4(16.9) 69.6 (17.4) 68.1 (18.5)
P value for change from baseline - 0.170 0.005 0.038 0.016
SF-36 Role limitations due to personal or emotional problems® N 52 50 48 48 48
Mean (SD) 67.9 (41.7) 76.0(39.9) 79.9(35.6) 91.0(26.4) 88.2(28.8)
P value for change from baseline - 0.307 0.148 0.002 < 0.001
SF-36 Energy/Fatigue® N 52 50 48 48 48
Mean (SD) 48.5(18.3) 65.0(19.4) 65.3(19.9) 68.5(16.1) 65.9 (16.2)
P value for change from baseline - < 0.001 < 0.001 < 0.001 < 0.001
SF-36 Emotional well-being® N 51 50 48 48 48
Mean (SD) 65.5 (19.6) 77.4(18.4) 78.9(17.5) 81.6(12.8) 80.6 (15.2)
P value for change from baseline - < 0.001 < 0.001 < 0.001 < 0.001
SF-36 Social Functioning” N 52 50 48 48 48
Mean (SD) 67.3 (25.1) 86.5(18.5) 87.2(18.7) 93.5(14.1) 93.2(12.6)
P value for change from baseline - < 0.001 < 0.001 < 0.001 < 0.001

Abbreviations: NA = not available; SD = standard deviation; SF-36 MCS = Short-Form 36 Mental Component Score.

@ Part of the Mental Component Score.

Ettinger et al.,"* Kaipel et al.,'* and Stadler et al.'® reported mean final
HHS scores > 90 in subjects whose average age (range, 61.6—-64 years)
was notably higher than our own cohort (mean age, 54.9 years). Also
noteworthy are the results from Capone et al.,'? who reported excellent
clinical outcomes at 5.6 years in patients undergoing THA for osteo-
necrosis of the femoral head, for which traditional THA has been shown
to result in worse outcomes and survivorship than other indications.*

To the best of our knowledge, ours is the first study to include SF-36
MCS and VAS pain as outcomes of interest with this particular implant.
Short-stem designs in general have been proposed to confer comparable
survivorship and functional improvements to conventional stems, with
additional benefits such as decreased thigh pain.?' Our observation of
significant improvements in multiple markers of post-THA quality of
life, pain, function, and mobility provides further evidence that short-
stem designs can meet key treatment goals of younger, active patients
for whom short-stem prostheses are routinely offered as an alternative

to conventional THA.'® Our results are consistent with positive clinical
outcomes observed with other short-stem designs sharing similar design
concepts.””>* However, the wide variety of available short-stem im-
plant precludes generalizing their potential impact to the design class as
a whole.

In the early phase of their clinical use, the smaller surface and bone-
implant-interface of short-stem implants raised concerns about whether
they could achieve sufficient primary stability, although since then
several studies have shown that short-stem THA is an efficient and safe
procedure.'®1%22

Our prior publication detailing the RSA results of a subgroup of 17
initial patients from this cohort concluded that the Nanos exhibited
only slight initial migration within three months after implantation,
which subsequently led to secondary stabilization.® This in line with
other studies of Nanos’ migration patterns at follow-up durations of up
to 5 years.'>'7-1°

Table 2
Summary of improvement in mean HHS, HOOS, PMA, UCLA, and VAS pain scores throughout the entire 24-month follow-up period.
Outcome Statistic Baseline 3 Months 6 Months 12 Months 24 Months
HHS Total Score (0-100) N 52 50 49 48 48
Mean (SD) 54.5 (10.5) 88.6 (14.1) 94.0 (9.6) 96.2 (7.7) 96.6 (7.8)
P value for change from baseline - < 0.001 < 0.001 < 0.001 < 0.001
HOOS (0-96) N 52 50 48 48 48
Mean (SD) 54.4 (15.8) 20.8 (14.0) 16.3 (15.5) 10.3 (9.8) 10.4 (11.5)
P value for change from baseline - < 0.001 < 0.001 < 0.001 < 0.001
PMA (0-18) N 52 50 49 48 48
Mean (SD) 12.1 (1.9) 16.0 (2.2) 17.0 (1.4) 17.2 (1.3) 17.4 (1.3)
P value for change from baseline - < 0.001 < 0.001 < 0.001 < 0.001
UCLA activity level (0-10) N 52 50 49 48 48
Mean (SD) 5.2 (2.1) 6.2 (1.8) 6.9 (1.7) 7.0 (1.7) 6.9 (1.6)
P value for change from baseline - 0.0132 < 0.001 < 0.001 < 0.001
VAS pain score (0-100) N 52 50 48 48 48
Mean (SD) 64.1 (21.5) 19.7 (19.0) 13.8 (16.8) 10.1 (9.5) 12.0 (13.4)
P value for change from baseline - < 0.001 < 0.001 < 0.001 < 0.001

Abbreviations: HHS = Harris Hip Score; HOOS = Hip Disability and Osteoarthritis Outcome; PMA = Postel Merle d’Aubigné-Score; SD = standard deviation; UCLA

= University of California, Los Angeles scale; VAS = Visual Analogue Scale.
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Fig. 2. Radiological course of a patient with a periprosthetic fracture. The x-ray taken after mobilization did not reveal any abnormal findings (a). The tantalum
markers in the greater and lesser trochanters were implanted for radiostereometric analysis. Three months after surgery, a fracture of the lesser trochanter, ossi-
fications and a stems subsidence of 11 mm were detected (b). Twenty months after surgery, the patient underwent revision surgery due to pain and gluteal
insufficiency: ossifications were removed, the head was changed to a longer neck, while the stem was fully osseointegrated and remained in situ (c).

In the current updated analysis, implantation with the Nanos re-
sulted in neutral stem positioning for the majority of subjects, with the
exception being two and five subjects with varus tilts of up to 5° and a
valgus position of up to 5°, respectively. A 2017 bone remodeling
analysis of the Nanos and Metha prostheses conducted by Brinkmann
et al. concluded that varus/valgus positioning was negligible with these
designs and unlikely to lead to stress shielding on a magnitude similar
to conventional stems.?® This is a key proposed advantage, as stress
shielding is an established contributor to early implant failure.?” No-
tably, stem angulation may be influenced by patient positioning.*®

In comparison with older patients, younger patients undergoing
THA have consistently been shown to have an increased risk of early
and long-term revision.”* We observed a 98.1% stem survivorship at
final follow-up. Other groups have reported 100% survivorship for
Nanos at follow-up periods just over 5 years.'*"'® The two revisions in
our cohort were due to periprosthetic fracture (unrelated to study de-
vice) and aseptic loosening resulting from infection. Analyses of large
data sets from implant registries have reported a 0.47% rate of peri-
prosthetic fracture within 2 years for uncemented femoral stems>° and
0.9% for prosthetic joint infections for primary THA in general.>’ Al-
though our rate for these complications is comparatively higher, this is
most likely due to the relatively small cohort employed.

This study has several limitations. Firstly, all THAs were performed
by a single surgeon experienced with the implantation of this device,
restricting the ability to extrapolate these results. Secondly, the study
consisted of 52 subjects, which is relatively small compared with other
trials evaluating the clinical and radiographic outcome of short-stem
THA.?" Thirdly, the 24-month follow-up period can be considered as
relatively brief, although the majority of studies of short stems to date
have provided only short- and medium-term follow-up.*'

5. Conclusion

This study indicates that the Nanos short-stem prosthesis results in
promising clinical and radiographic outcomes after a follow-up of 24
months. Our results are in line with those previously reported for this
device, and with those of short stems with similar design concepts. We
observed a low complication rate and high rate of stem survivorship.
These results are highly supportive of the proposed design advantages
of short-stem prostheses. Longer-duration follow-up studies will de-
termine whether these advantages are extended into the second decade
of implantation.
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