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Abstract

Introduction Previous bone density studies have generally shown bone resorption around both cemented and uncemented
total hip arthroplasty (THA) stems. This is presumed to be due to stress shielding. Short stems have been introduced partly to
preserve bone in the proximal femur by a more physiological loading of the bone. The purpose of this study was to evaluate
bone remodeling around a short, fully hydroxyapatite-coated titanium stem that comes in a collared and collarless version.
Patients and methods A prospective cohort of 50 patients included in a study evaluating the Furlong Evolution stem has
been followed for 5 years. Examination was done with dual energy X-ray absorptiometry (DXA) postoperatively, at 1, 2 and
5 years. Clinical outcome was followed with radiography and both general and hip specific outcome measures.

Results The two versions of the stem behaved similarly regarding bone remodeling. After an initial decrease up to 1 year,
bone mineral density (BMD) increased in all Gruen zones up to 2 years and at 5 years bone stock was still preserved compared
with postoperatively (net BMD + 1.2% (95% CI — 0.4 to 2.8)). Increase in BMD occurred mainly in the greater trochanter and
distally around the stem with a decrease in the calcar area. Both versions showed excellent clinical outcome up to 5 years.
Conclusion This short stem seems to preserve proximal bone stock up to 5 years, exhibiting similar behaviour both with

and without a collar.

Trial registration number and date of registration ClinicalTrials.gov, (identifier: NCT01894854). July 10, 2013.
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Introduction

Implantation of a femoral stem gives rise to an altered
mechanical distribution of the forces on the proximal femur.
After surgery, according to Wolff’s law, the bone in the
proximal femur will tend to grow thicker where the bone is
loaded, and osteopenic where the bone is less loaded com-
pared with before surgery [1]. With a long and inflexible
uncemented femoral stem with primarily diaphyseal anchor-
ing, the forces bypass the metaphyseal bone leaving it less
loaded, resulting in resorption in the proximal femur due
to stress shielding [2]. Therefore, there has been a grow-
ing interest in the orthopaedic community regarding short
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femoral stems, which could anchor the stem in the meta-
physis instead of the diaphysis. A shorter stem will involve
a lesser part of the femoral bone where stress shielding can
occur. Studies of proximally loading stems have shown a
smaller decrease in bone mineral density (BMD) in the
proximal femur compared with conventional uncemented
stems [3-5]. Typical dual energy X-ray absorptiometry
(DXA) findings display a reduction in bone density around
the prosthesis. This is most noticeable in the immediate post-
operative period, after which a rebound can occur with a
recovery in bone density [6, 7]. In the calcar area, Gruen
zones 6 and 7, there will usually be a residual reduction in
bone density [2].

The Furlong Evolution (JRI Orthopaedics Ltd., Sheffield,
UK), introduced in 2011, is a short, fully hydroxyapatite-
coated (HA-coated), uncemented stem in titanium alloy
(Ti-6Al-4 V). It comes in a collared and collarless version
(Fig. 1). The stem design is based on its precursors: the
Furlong HAC [8], and the later introduced Furlong Active
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Fig. 1 Stem design in lateral view, the collared and the collarless ver-
sion with 133-degree neck shaft angle

[9], but with some new design features intended to promote
metaphyseal anchoring. The diaphyseal component of the
stem is shortened; all sizes are 100 mm long. The shoulder
is less prominent than its precursors and the roughness of the
coating is more prominent proximal to the distal cylindri-
cal part of the stem. The stem is available in two different
offset versions and in two different neck shaft angles (126°
and 133°).

The optional collar is not a classic type of collar; it is,
rather, a small “lip” resting on or close to the resected neck.
It is designed to prevent excess post-operative subsidence.
The collar can be visualized only in the AP view, and not in
the medio-lateral view (Fig. 1).

In this study, designed to comprise both DXA and radi-
ostereometry (RSA), we wanted to examine the BMD over
time around this new short stem hip arthroplasty and to com-
pare the two different versions of the stem: the collared ver-
sus the collarless. Our hypothesis was that the collar would
increase the loading of the bone in the calcar region and
reduce the bone loss in this area. Here we present the results
from the DXA examinations up to 5 years.

Patients and methods

Study group

Fifty patients (50 hip joints, 34 men) with a mean age of
60 years (range 36—75) with primary osteoarthritis sched-
uled for total hip arthroplasty (THA) at Skane University

Hospital were recruited and enrolled for surgery between
September 2012 and June 2013 (Table 1). The exclusion
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Table 1 Patient baseline characteristics

Variables Collar Collarless Total

No. of patients 25 25 50

Age (range) 58.5 (36-75) 60.2 (43-75) 59.8 (36-75)

Gender M =male; 16 M; 9F 18 M; 7F 34 M; 16F
F=female)

BMI (SD) 26.7 (3.2) 26.6 (3.3) 26.6 (3.2)

criteria were Charnley category C patients, patients with a
femur anatomy which on plain radiographs was considered
to be unsuitable for an uncemented stem, previous fracture
or operation to the hip, rheumatoid arthritis, malignant dis-
ease, ongoing corticosteroid or immunosuppressive medica-
tion, dementia, drug or alcohol abuse.

A blocked randomization order, created by statistics
software, was used and put into closed envelopes that were
opened intra-operatively, one at each operative procedure.
25 patients were thus randomized to receive a collared stem,
and 25 patients received a collarless stem. No patients were
excluded from the study. All 50 patients initially included
were examined at 1 and 2 years, and 47 at 5 years (Fig. 2).

Surgery

The surgical procedures were performed through a postero-
lateral approach and were carried out by two experienced
hip surgeons (GF, MS). All patients received a CSF Plus
uncemented acetabular cup and a 32 mm femoral head (JRI
Orthopaedics Ltd., Sheffield, UK). All patients received
standard peri-operative antibiotics (cloxacillin) and post-
operative prophylaxis against venous thrombosis (enoxapa-
rin). Post-operatively the patients were fully mobilized with
the aid of two crutches and were allowed full weight bearing.

DXA examinations

To evaluate post-operative BMD, all patients underwent
examinations using a GE Lunar Prodigy DXA scanner (GE
Healthcare, Chicago, IL, USA) within 2 weeks of surgery as
a baseline examination. The patient was placed in a supine
position, with the legs extended and the foot of the operated
side held in a neutral position by a positioning device, for a
standardized neutral position of the hip joint. The follow-up
DXA examinations were conducted at 1 year, 2 years and
5 years with a time tolerance of + 5% at each examination.
BMD was computed for all seven Gruen zones. Net BMD,
a pooled value for all seven Gruen zones, was calculated as
total bone mineral content divided by the total area. Double
examinations were performed on all patients except one dur-
ing the follow-up period and the precision error of the DXA
examinations was calculated [10] (Table 2).
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Lost to follow-up (n=3), (medical reasons
(n=2), declines investigation (n=1))

Fig.2 CONSORT flow diagram

Clinical and radiographic follow-up

Routine clinical follow-ups were performed at 3, 12 and
24 months. Standard radiographic examinations were per-
formed pre-operatively, on the first post-operative day,
then at 12 and 24 months. RSA examinations were per-
formed according to protocol. The patients completed the

Examined at 5 years (n=25)
Lost to follow-up (n=0)

self-administered Hip disability and Osteoarthritis Out-
come Score (HOOS) [11] and the general health question-
naire EQ-5D prior to surgery, at one, two and five years’
follow-up.
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Table 2 Precision error of DXA Precision
measurement analyses in the error (%
seven Gruen zones expressed cv)

as the coefficient of variation in
percentage, obtained from 49
double examinations [10]

Gruen zones

0.34
0.66
0.79
0.32
0.78
0.79
0.99

~N O R WD =

Table 3 Change in bone mineral density (BMD) in the seven Gruen
zones and combined net value. Numbers are % difference in mean
versus post-operative examination with 95% confidence interval

Gruen zone  Comparison ~ Change in BMD  95% CI
vs. baseline
Zone 1 1 year -15 —64t034
2 year 54 0.8 t0 10.0
5 year 3.9 0.1t0 7.7
Zone 2 1 year -10.1 —14.0t0 - 6.2
2 year -1.8 —-55t01.8
5 year -53 —84to—-22
Zone 3 1 year 1.2 -13t03.7
2 year 73 50t09.5
5 year 7.8 6.0t09.7
Zone 4 1 year -29 —44t0-15
2 year 0.8 —0.6t02.2
5 year 1.2 0.1t02.3
Zone 5 1 year 2.0 0.0t0 4.0
2 year 8.7 6.9 to 10.6
5 year 9.1 7.6 to 10.6
Zone 6 1 year -9.2 —-11.6t0 - 6.7
2 year -6.0 —84to—-3.5
5 year - 8.7 —11.3t0 - 6.1
Zone 7 1 year -152 -192t0-11.2
2 year - 104 —144t0-64
5 year - 159 —203t0—-11.6
Net BMD 1 year -29 —-44t0-1.5
2 year 2.3 0.8 t0 3.7
5 year 1.2 - 0410238
Statistics

The primary effect variable was RSA migration and 50
patients; 25 patients in each group were included in the study
based on a power calculation derived from expected RSA
data. These results have been published previously [12]. The
secondary DXA outcome measure was difference in bone
density changes as measured in the seven Gruen zones at
one year. The patients have now been followed up for up to
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5 years with DXA and analysis of difference in net BMD up
to 5 years has been added.

According to Shapiro—Wilks and Q-Q plots, the BMD
data were found to be sufficiently normally distributed; thus
the 95% confidence intervals (CI) of the examinations are
presented symmetrically around the mean. To compare dif-
ferences between groups at a given time, Student’s t-test was
used. A general linear mixed-model analysis was used to
determine the change in bone density over time. For analysis
of the outcome questionnaires HOOS and EQ-5D, we used
the Mann—Whitney U-test to compare differences between
the groups at a given time.

We used the IBM SPSS statistics software version 25.0
(IBM, Armonk, NY, USA) and SAS Enterprise Guide Ver-
sion 6.100.0.4025 (SAS Institute, Cary, IN, USA). A p
value < 0.05 was considered significant.

Ethics and registration

The study was approved by the Ethical Committee of Lund
University (Dnr: 2012/53). All patients gave their informed
written consent. The study was carried out in compli-
ance with the Helsinki Declaration of 1975, as revised in
2000, and was registered at ClinicalTrials.gov (identifier:
NCTO01894854).

Results

In the collarless group, all patients were examined up to
5 years post-operatively. In the collared group three patients
declined examination at 5 years, all three as a result of condi-
tions not related to the hip. Their data have been analysed
for 2 years.

There were no statistically significant differences between
the groups regarding baseline BMD or net BMD at 1, 2 or
5 years. The collar seemed to have minimal influence on
bone remodelling around the stem, even in the calcar area
(Table 3).

At one year there was a decrease in net BMD, —2.9%
(95% CI—4.4 to— 1.5). Between 1 and 2 years, an increase
occurred in all seven Gruen zones. At 2 years, the net BMD
had increased compared with baseline BMD with a mean of
2.3% (95% C1 0.8-3.7). Between 2 and 5 years, differences
were small with a slight, statistically insignificant, decrease
in net BMD mainly due to bone resorption in the calcar
region (Fig. 3).

Medially, in the calcar area, BMD decreased slightly for
both stem types over the study period. More distally around
the stem, BMD had increased significantly at 2 years and this
difference remained at 5 years. In the greater trochanteric
region, there were minor changes in BMD and the same
applies to the area distal to the stem (Fig. 4).
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Fig.3 Net BMD vs. time
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There were no serious adverse events during the 5-year
follow-up period. No stems have been revised or consid-
ered to be loose based on RSA or standard radiological
examinations.

HOOS and EQ-5D displayed similar results in both
groups pre-operatively and throughout follow-up, with no
statistical difference between the groups. There was an antic-
ipated marked improvement in both groups when comparing
pre-operative results of both EQ-5D and HOOS scores with
the post-operative results at 1, 2 and 5 years.

Discussion

In this cohort of 50 patients we found similar bone remod-
elling around the Furlong Evolution short-stem prosthesis
with or without a collar. For up to 5 years, the periprosthetic
bone was well preserved compared with baseline values. No
stems were revised.

Bone resorption is common around both cemented and
uncemented femoral stems. Stress shielding, or disuse atro-
phy, results partly from the difference in elasticity between
the implant and the periprosthetic bone. This is especially
evident in longer stems with a more distal femoral anchor-
age [2, 13].

In our study there was a decrease in bone density dur-
ing the first year. Other studies have shown that most of
this resorption occurs during the first months after surgery
[7, 13]. The calcar region is especially exposed to stress

~
W
-
W

Time (year)

Collarless Collar ]

shielding with a decrease in bone density in most studies [3,
7, 15-17]. This also applies to short-stemmed prostheses
developed to be bone sparing where an increase in BMD
takes place more distally around the stem [18]. In a review
article by Yan comparing four different short-stem prosthe-
ses, BMD decreased between 4.5% and 30% in Gruen zone
7 at 1 year [19]. One exception is a study on the Accolade
II stem where BMD in the calcar area was unchanged at
the 1-year follow-up. However, the first DXA examination
(baseline) in that study was at 6 weeks post-operatively,
when a large part of the resorption can already be assumed
to have taken place [20].

Ageing is associated with substantial bone loss in both
women and men. The menopause leads to more dramatic
bone loss and after that slower age-related bone loss contin-
ues throughout life, with a reduction in BMD of almost 1%
per year [21]. This natural decrease in bone density could
potentially explain the results of our study with a decrease in
BMD between two and five years post-operatively.

A recent registry study from the United Kingdom
National Joint Registry (NJR) found a nearly five-fold
increase in relative risk for early periprosthetic fractures
for collarless uncemented stems compared with collared
stems. This is explained by the collar increasing compres-
sive load on the cortical bone during rotational injury [22].
The collar on this prosthesis is a small lip that is visible
only in one plane. The advantage of a small collar as com-
pared with a larger one is to minimize the risk of iliop-
soas impingement, which has been described [23]. Its main
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Fig.4 Radiograph demonstrating the seven Gruen zones. Graphs represent the change in BMD in percentage (y-axis) over time in years (x-axis).

Blue =collarless; red =collared

purpose is to reduce excessive post-operative subsidence.
We hypothesised that it would also decrease bone resorp-
tion in the calcar area due to increased cortical load. To
achieve this, contact between the collar and calcar needs
to be obtained during surgery or in the initial settling-
in phase. In our study, we found collar—calcar contact on
post-operative X-rays in 16 of 25 cases (64%), which is
in line with other published studies [24]. The stems are
expected to subside in the initial post-operative period so
some lips may have established contact after a couple of
weeks while other lips remained inactive. The difference
between groups in bone density was very small and the
fact that not all collars were active immediately post-oper-
atively may have contributed to the study being underpow-
ered to detect a possible real difference in bone density.
There were no periprosthetic fractures in our study, which
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we had not expected anyway given that the incidence of
this complication is very low [22]. The theoretical increase
in risk with a collarless stem can speak to the advantage of
a collared stem. According to earlier published RSA data
there were no significant difference between the two stem
types regarding migration. Both had stabilised at three
months and thereafter showed consistent almost steady
state position, interpreted as good osseointegration [12].
This indicates that the lip does not have a major impact on
either stem migration or bone density. However, none of
our results contradict the use of the collared stem and in
individual patients it may make a difference.

DXA is considered the most reliable method of meas-
uring BMD after total hip arthroplasty [3, 15, 25]. In this
study, on a short-stem prosthesis Gruen zone 7 becomes
very small, which is reflected in the largest precision error
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of the measurements. We believe that this study contains a
sufficient number of patients to evaluate the behaviour of
this stem concept regarding periprosthetic bone adaptation.
A strength of the study is the 5 years’ follow-up with only
three patients lost to follow-up, and no revisions or major
complications.

Conclusion

In conclusion, this shorter and modified prosthesis based on
a previously well-proven concept seems to preserve proxi-
mal bone stock up to 5 years post-operatively with no revi-
sions or major complications in this series of 50 patients.
The collared and the collarless versions behaved similarly.
Further assessment and close monitoring is advocated in
the introduction of a novel implant. Long-term survivorship
could be the scope of further investigations.

Acknowledgements The authors wish to thank the DXA laboratory
and research secretary Asa Bjorkqvist, Skane University Hospital, for
keeping track of all the patients. They would also like to thank Tommy
Schyman, Statistician, Clinical Studies Sweden — Forum South, Skane
University Hospital, for statistical advice.

Author contributions All authors were involved in the study design,
data collection, interpretation, manuscript revision, and approval. OB
and EW analysed the data and wrote the manuscript draft. MS and GF
performed the surgical procedures and edited the manuscript.

Funding Open access funding provided by Lund University. Orthopae-
dic Research UK sponsored part of the RSA analysis. No extra funding
was achieved for the DXA analysis.

Availability of data and materials Researchers from the scientific com-
munity may request access to the anonymised patient-level data from
our study by providing a scientific research proposal.

Code availability Not applicable.

Declarations

Conflict of interest GF had paid presentation at symposium with JRI,
otherwise the authors have no conflicts of interest related to this work.

Ethics approval The study was approved by the Ethical Committee of
Lund University, Sweden (Dnr: 2012/53). The study was carried out in
compliance with the Helsinki Declaration of 1975, as revised in 2000.

Consent to participate All patients gave their informed written con-
sent.

Consent for publication (include appropriate statements).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes

were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Pitto RP, Mueller LA, Reilly K, Schmidt R, Munro J (2007)
Quantitative computer-assisted osteodensitometry in total hip
arthroplasty. Int Orthop 31(4):431-438. https://doi.org/10.1007/
$00264-006-0257-x

2. Knutsen AR, Lau N, Longjohn DB, Ebramzadeh E, Sangiorgio
SN (2017) Periprosthetic femoral bone loss in total hip arthro-
plasty: systematic analysis of the effect of stem design. Hip Int
27(1):26-34. https://doi.org/10.5301/hipint.5000413

3. Salemyr M, Muren O, Ahl T, Boden H, Eisler T, Stark A, Skold-
enberg O (2015) Lower periprosthetic bone loss and good fixa-
tion of an ultra-short stem compared to a conventional stem in
uncemented total hip arthroplasty. Acta Orthop 86(6):659—666.
https://doi.org/10.3109/17453674.2015.1067087

4. Kim YH, Park JW, Kim JS (2016) Ultrashort versus conventional
anatomic cementless femoral stems in the same patients younger
than 55 years. Clin Orthop Relat Res 474(9):2008-2017. https://
doi.org/10.1007/s11999-016-4902-4

5. Liang HD, Yang WY, Pan JK, Huang HT, Luo MH, Zeng LF, Liu
J (2018) Are short-stem prostheses superior to conventional stem
prostheses in primary total hip arthroplasty? A systematic review
and meta-analysis of randomised controlled trials. BMJ Open
8(9):¢021649. https://doi.org/10.1136/bmjopen-2018-021649

6. Venesmaa PK, Kroger HP, Miettinen HJ, Jurvelin JS, Suoma-
lainen OT, Alhava EM (2001) Monitoring of periprosthetic BMD
after uncemented total hip arthroplasty with dual-energy X-ray
absorptiometry—a 3-year follow-up study. J] Bone Miner Res
16(6):1056-1061. https://doi.org/10.1359/jbmr.2001.16.6.1056

7. Rahmy AIA, Gosens T, Blake GM, Tonino A, Fogelman 1JOI
(2004) Periprosthetic bone remodelling of two types of unce-
mented femoral implant with proximal hydroxyapatite coating:
a 3-year follow-up study addressing the influence of prosthesis
design and preoperative bone density on periprosthetic bone
loss. Osteoporos Int 15(4):281-289. https://doi.org/10.1007/
s00198-003-1546-5

8. Shetty AA, Slack R, Tindall A, James KD, Rand C (2005) Results
of a hydroxyapatite-coated (Furlong) total hip replacement: a 13-
to 15-year follow-up. J Bone Joint Surg Br 87(8):1050-1054.
https://doi.org/10.1302/0301-620X.87B8.16011

9. Weber E, Sundberg M, Flivik G (2014) Design modifications of
the uncemented Furlong hip stem result in minor early subsidence
but do not affect further stability: a randomized controlled RSA
study with 5-year follow-up. Acta Orthop 85(6):556-561. https://
doi.org/10.3109/17453674.2014.958810

10. Cohen B, Rushton N (1995) Accuracy of DEXA measurement of
bone mineral density after total hip arthroplasty. ] Bone Joint Surg
Br 77(3):479-483

11. Nilsdotter AK, Lohmander LS, Klassbo M, Roos EM (2003) Hip
disability and osteoarthritis outcome score (HOOS)-validity and
responsiveness in total hip replacement. BMC Musculoskelet Dis-
ord 4:10. https://doi.org/10.1186/1471-2474-4-10

12. Weber E, Flivik C, Sundberg M, Flivik G (2019) Migration pattern
of a short uncemented stem with or without collar: a randomised

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00264-006-0257-x
https://doi.org/10.1007/s00264-006-0257-x
https://doi.org/10.5301/hipint.5000413
https://doi.org/10.3109/17453674.2015.1067087
https://doi.org/10.1007/s11999-016-4902-4
https://doi.org/10.1007/s11999-016-4902-4
https://doi.org/10.1136/bmjopen-2018-021649
https://doi.org/10.1359/jbmr.2001.16.6.1056
https://doi.org/10.1007/s00198-003-1546-5
https://doi.org/10.1007/s00198-003-1546-5
https://doi.org/10.1302/0301-620X.87B8.16011
https://doi.org/10.3109/17453674.2014.958810
https://doi.org/10.3109/17453674.2014.958810
https://doi.org/10.1186/1471-2474-4-10

3496

Archives of Orthopaedic and Trauma Surgery (2022) 142:3489-3496

14.

15.

16.

17.

18.

19.

RSA-study with 2 years follow-up. Hip Int:1120700019888471.
https://doi.org/10.1177/1120700019888471

. Levadnyi I, Awrejcewicz J, Gubaua JE, Pereira JT (2017) Numeri-

cal evaluation of bone remodelling and adaptation considering
different hip prosthesis designs. Clin Biomech (Bristol, Avon)
50:122-1209. https://doi.org/10.1016/j.clinbiomech.2017.10.015
Boden HS, Skoldenberg OG, Salemyr MO, Lundberg HJ, Adolph-
son PY (2006) Continuous bone loss around a tapered uncemented
femoral stem: a long-term evaluation with DEXA. Acta Orthop
77(6):877-885. https://doi.org/10.1080/17453670610013169
Schilcher J, Ivarsson I, Perlbach R, Palm L (2017) No difference
in periprosthetic bone loss and fixation between a standard-length
stem and a shorter version in cementless total hip arthroplasty.
A randomized controlled trial. J Arthroplasty 32(4):1220-1226.
https://doi.org/10.1016/j.arth.2016.11.015

Freitag T, Hein MA, Wernerus D, Reichel H, Bieger R (2016)
Bone remodelling after femoral short stem implantation in total
hip arthroplasty: 1-year results from a randomized DEXA study.
Arch Orthop Trauma Surg 136(1):125-130. https://doi.org/10.
1007/500402-015-2370-z

Jahnke A, Engl S, Altmeyer C, Jakubowitz E, Seeger JB, Rick-
ert M, Ishaque BA (2014) Changes of periprosthetic bone den-
sity after a cementless short hip stem: a clinical and radiological
analysis. Int Orthop 38(10):2045-2050. https://doi.org/10.1007/
$00264-014-2370-6

Falez F, Papalia M, Granata G, Longo D, Ciompi A, Casella F,
Mazzotta G, Favetti F (2020) Bone remodelling and integration of
two different types of short stem: a dual-energy X-ray - absorpti-
ometry study. Int Orthop 44(5):839-846. https://doi.org/10.1007/
$00264-020-04545-6

Yan SG, Weber P, Steinbriick A, Hua X, Jansson V, Schmidutz
FJIO (2018) Periprosthetic bone remodelling of short-stem total

@ Springer

20.

21.

22.

23.

24.

25.

hip arthroplasty: a systematic review. Int Orthop 42(9):2077-
2086. https://doi.org/10.1007/300264-017-3691-z

Nam D, Salih R, Barrack RL, Nunley RM (2019) An evaluation
of proximal femur bone density in young, active patients under-
going total hip arthroplasty at one year postoperatively. Hip Int
29(1):51-57. https://doi.org/10.1177/1120700018761152
Khosla S, Riggs BL (2005) Pathophysiology of age-related bone
loss and osteoporosis. Endocrinol Metab Clin NAm 34(4):1015-
1030. https://doi.org/10.1016/j.ecl.2005.07.009

Lamb JN, Baetz J, Messer-Hannemann P, Adekanmbi I, van Duren
BH, Redmond A, West RM, Morlock MM, Pandit HG (2019)
A calcar collar is protective against early periprosthetic femoral
fracture around cementless femoral components in primary total
hip arthroplasty: a registry study with biomechanical validation.
Bone Joint J 101-B (7):779-786. https://doi.org/10.1302/0301-
620X.101B7.BJJ-2018-1422.R1

Brew CJ, Stockley I, Grainger AJ, Stone MH (2011) Iliopsoas
tendonitis caused by overhang of a collared femoral prosthesis. J
Arthroplasty 26 (3):504 e517-509. https://doi.org/10.1016/j.arth.
2009.12.020

Meding JB, Ritter MA, Keating EM, Faris PM (1997) Compari-
son of collared and collarless femoral components in primary
uncemented total hip arthroplasty. J Arthroplasty 12(3):273-280.
https://doi.org/10.1016/s0883-5403(97)90023-1

Albanese CV, Santori FS, Pavan L, Learmonth ID, Passariello R
(2009) Periprosthetic DXA after total hip arthroplasty with short
vs. ultra-short custom-made femoral stems: 37 patients followed
for 3 years. Acta Orthop 80 (3):291-297. https://doi.org/10.3109/
17453670903074467

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1177/1120700019888471
https://doi.org/10.1016/j.clinbiomech.2017.10.015
https://doi.org/10.1080/17453670610013169
https://doi.org/10.1016/j.arth.2016.11.015
https://doi.org/10.1007/s00402-015-2370-z
https://doi.org/10.1007/s00402-015-2370-z
https://doi.org/10.1007/s00264-014-2370-6
https://doi.org/10.1007/s00264-014-2370-6
https://doi.org/10.1007/s00264-020-04545-6
https://doi.org/10.1007/s00264-020-04545-6
https://doi.org/10.1007/s00264-017-3691-z
https://doi.org/10.1177/1120700018761152
https://doi.org/10.1016/j.ecl.2005.07.009
https://doi.org/10.1302/0301-620X.101B7.BJJ-2018-1422.R1
https://doi.org/10.1302/0301-620X.101B7.BJJ-2018-1422.R1
https://doi.org/10.1016/j.arth.2009.12.020
https://doi.org/10.1016/j.arth.2009.12.020
https://doi.org/10.1016/s0883-5403(97)90023-1
https://doi.org/10.3109/17453670903074467
https://doi.org/10.3109/17453670903074467

	Preserved periprosthetic bone stock at 5 years post-operatively with uncemented short hip stem in both collared and collarless version
	Abstract
	Introduction 
	Patients and methods 
	Results 
	Conclusion 
	Trial registration number and date of registration 

	Introduction
	Patients and methods
	Study group
	Surgery
	DXA examinations
	Clinical and radiographic follow-up
	Statistics
	Ethics and registration

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




