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B Total hip arthroplasty is performed more frequently in
younger patients nowadays, making long-term bone
stock preservation an important topic. A mechanism for
late implant failure is periprosthetic bone loss, caused by
stress shielding around the hip stem due to different load
distribution. Short stems are designed to keep the physical
loading in the proximal part of the femur to reduce stress
shielding. The aim of this review is to give more insight
into how short and anatomic stems behave and whether
they succeed in preservation of proximal bone stock.

B A systematic literature search was performed to find all
published studies on bone mineral density in short and
anatomic hip stems. Results on periprosthetic femoral
bone mineral density, measured with dual-energy X-ray
absorptiometry (DEXA), were compiled and analysed per
Gruen zone in percentual change.

B A total of 29 studies were included. In short stems, Gruen
1 showed bone loss of 5% after one year (n=855) and 5%
after two years (n = 266). Gruen 7 showed bone loss of
10% after one year and —11% after two years. In anatomic
stems, Gruen 1 showed bone loss of 8% after one year
(n=731)and 11% after two years (n=227). Gruen 7 showed
bone loss of 14% after one year and 15% after two years.

B Short stems are capable of preserving proximal bone stock
and have slightly less proximal bone loss in the first years,
compared to anatomic stems.
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Introduction

Nowadays, there is a higher incidence of younger and
more active patients undergoing total hip arthroplasty
(THA). In the Netherlands, between 17% and 19% of the
patients receiving total hip arthroplasty are younger than
60 years.!2 Their biomechanical forces on the hip implant
are higher compared to the more elderly with THA, increas-
ing the long-term failure rate of hip implants.3-¢ Failure of
hip implants can be caused by periprosthetic bone loss,
leading to aseptic loosening or periprosthetic fractures.
Stress shielding is one of the reasons for periprosthetic
bone loss in cementless total hip arthroplasty,”® as bone
resorption occurs through changed physical loading in
the femur.>19 Loss of bone stock can compromise the
stability of hip stems,!" emphasizing the importance of
bone stock preservation around hip stems. Physical load-
ing in most conventional hip stems is transferred from the
proximal region of the femur to the femur shaft, decreas-
ing bone mass around the greater trochanter and calcar
region.1213

Other types of implants, such as short and anatomi-
cal stem designs, are based on a more proximal anchor-
ing principle. Short stems in total hip arthroplasty were
designed to restrict the physical loading to the proximal
part of the femur, thereby reducing periprosthetic bone
loss.’™ However, there are a lot of designs with different
implant characteristics. A clear definition of a short stem
still lacks. A classification based on the osteotomy level
is currently used,’> but neglects the anchoring principle
of the stem. Hip stems that are classified as short do not
necessarily yield better proximal bone stock preservation
compared to anatomical or conventional hip stems.
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Dual-energy X-ray absorptiometry (DEXA) is a reliable
and widely accepted tool to determine bone mineral den-
sity (BMD).16-18 Measuring BMD around the total hip pros-
thesis provides information on the redistribution of the
biomechanical forces in the femur as a result of implanted
hip stems.™ A review by Knutsen et al'® gave insight into
stress shielding around cemented and uncemented con-
ventional hip stems, as all available data on bone remodel-
ling were pooled. For uncemented conventional stems, the
area of the greater trochanter and calcar region are most
prone to bone loss. Results of proximal bone stock preser-
vation for different types of short and anatomic stems have
been published in recent years, with diverse outcomes, but
there are no global data on their outcome. In this review,
short-term results on BMD surrounding short stems were
assessed in comparison with anatomic stems.

Methods

Inclusion criteria
Studies

A systematic literature search was performed to obtain all
published data on bone mineral density (BMD) in total
hip arthroplasty. Inclusion was limited to studies on BMD
measurements surrounding proximal anchored femoral
hip stems, with a follow-up period of at least one year
after surgery. Studies on hip resurfacing and conventional
hip stems were excluded. Prospective and retrospective
cohorts, as well as comparative studies, were included.

Outcome measurement

Primary outcome was BMD loss in Gruen zone 1 (calcar
region) and Gruen zone 7 (greater trochanter),?° repre-
senting proximal loading zones, as these zones can be
compared per different stem design. The outcome was
described as the relative percentual change in BMD per
follow-up moment relative to baseline. Baseline value
was defined as the direct postoperative BMD (< 3 weeks).
Data on BMD were collected for all Gruen zones (as mean
BMD g/cm? or percentual change in BMD, with or with-
out standard deviation). The studies that presented their
data in mg/cm? or g/cm? were converted into percentual
change of baseline BMD in each Gruen zone.

Gruen zones are defined areas around the hip stem to
assess osteolysis. Originally, they were divided into seven
zones for conventional stems, but are also appliable for
short stems (Fig. 1). Gruen 1 begins on the proximal lat-
eral side (greater trochanter) and Gruen 7 ends on the
proximal medial side (calcar region). If studies used a dif-
ferent Gruen zone numbering, this was converted to the
zones as depicted in Fig. 1.

Fig. 1 Gruen zones in short hip stems.

Search strategy

To identify all suitable studies, the following search
terms were used in Medline, PubMed and Embase: “hip
arthroplasty OR hip replacement” and “short stem OR
anatomic stem” and “dual-energy OR DEXA” between
January 1990 and June 2020. More details of the search
can be requested from the authors. The search was per-
formed by two reviewers (PV and DH), independently.
Language was restricted to English, German, French
and Spanish. References of retrieved studies, potentially
meeting the criteria, were also screened. Abstracts from
congress, scientific meetings and unpublished reports
were excluded.

Methods of review
Selection of studies

Studies were selected by reviewing the title and abstract
to identify potentially relevant articles by two reviewers
(PV and DH). Disagreement was resolved through discus-
sion by the two reviewers, with a third reviewer (SW) as
final vote with remaining discussions. The full text was
retrieved and evaluated for definitive inclusion, when the
title, keywords or abstract showed information on bone
mineral density or DEXA in total hip arthroplasty.
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Data extraction

Two authors (SW and JV) independently performed the
data extraction. Predefined extraction forms were used to
collect the following data from each study: author, year
of publication, type of implant, manufacturer, whether
the implant is still on the market, number of patients/
hips, years of follow-up, and the patient demographics
(such as age, gender and BMI). BMD data were collected
in mg/cm?, g/cm? or percentual change of BMD at base-
line, all with the standard deviation if described. When
available, additional Harris Hip Scores (HHS) were col-
lected. In case of non-numerical presentation of BMD,
the authors were contacted to retrieve numerical data.

All hip implants were defined as either short or ana-
tomical hip stems. According to the classification system
as used by van Oldenrijk et al?' and described by Falez
et al,’ the short stems were classified as partial collum
or trochanter sparing, and the anatomic stems as tro-
chanter sparing or trochanter harming. Additionally, all
stem types were categorized based on anchoring site as
metaphyseal, metadiaphyseal or diaphyseal anchoring.??
Follow-up was categorized as 1-3 months, six months,
one year, two years, 3-5 years and 5-10 years.

Methodological quality

Methodological quality was assessed by use of the Meth-
odological Index for Non-Randomized Studies (MINORS)
criteria for quality assessment of the studies?®* by two
authors (SW and PV) independently. Discrepancies were
resolved by consensus.

Analysis

Descriptive statistics were used to present study details.
BMD data were converted into overall weighted mean of
bone loss, expressed in percentages, for short and ana-
tomic stems. The standard error (SE) was calculated using
the pooled standard deviations in percentages. A threshold
of ten percent was defined by the authors as the clinically
relevant cut-off value for bone loss in the proximal Gruen
zones (G1 and G7); however, there is no known threshold.
The review of Knutsen et al showed in different types of
conventional hip stems a wide range of percentual bone
loss, where after two years in non-cemented femoral stems
there was bone loss of at least 10%. A hip stem was classi-
fied as bone stock preserving in case the bone loss was less
than this threshold. Additionally, all short stems that are
still on the market were selected and their course of bone
loss during a two-year follow-up period was investigated.

Results

Selection procedure

In total, 681 references were found in the online data-
bases, all published between January 1997 and June 2020.
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After removal, a total of 470 articles remained for review-
ing titles, abstracts and keywords. Finally, 29 studies were
included in this review (Fig. 2).

Study characteristics

The 29 included studies contained a total of 2095
patients (2265 hips). Details of the included studies are
presented in Table 1. The population consisted of 56%
male and 44% female patients, with an average age of 55
years (range, 17-83 years) and a mean body mass index
(BMI) of 28.4 (range, 16.9—49.6). Eighteen different stem
designs were found, of which nine were short stems and
nine anatomic stems (Table 2). According to the level
of osteotomy, the stems were classified as trochanter
harming (seven stems),?-30 trochanter sparing (seven
stems)25:26:31-40 and partial collum (four stems).41-50
According to site of anchoring, the stems were classified
as metaphyseal (three stems),2526,36,41,43,4446,47 meta-
diaphyseal (seven stems)?2426,37-42,4548,51 or diaphyseal
(eight stems)?527-30,33-36,52 anchoring. After patients
who were lost to follow-up were excluded, 1796 hips
remained to analyse. All included hip stems with their
respective bone loss are depicted in Table 2. The bone
loss in short and anatomic stems at one year follow-up
is comparable in Gruen 7; however, there appears to be
a difference in Gruen 1 at two-year follow-up (Fig. 3).
The bone loss in all Gruen zones stabilized after three
months, except for Gruen 7 which displayed a continu-
ous bone loss until six months in the anatomic stems
(Table 3).

Short stem

Atotal number of 1068 patients (1098 hips) were included
in 19 studies (not including Meyer et al,32 of whom 53.7%
were male (n = 574/1068) and 46.3% were female (n =
494/1068). The average age was 55 years with a mean
BMI of 25. Once patients who were lost to follow-up were
excluded, a total of 915 hips remained. A mean total value
in HHS of 94 at a minimal follow-up of one year (range,
1-10 years) was reported.

Gruen 1 showed a bone loss of 5% after one year (n =
855) and 5% after two years (n = 266). Gruen 7 was the
most affected zone, with a bone loss of 10% after one year
and 11% after two years (Table 3).

Anatomic stem

A total of 1027 patients (1167 hips) were included in 13
studies, of whom 56% were male (n = 597/1027) and
44% female (n=430/1027). In this population, the mean
age was 54 years with a mean BMI of 23. Lost to follow-
up patients were excluded, leaving a total of 881 hips
in this subgroup. The HHS had a mean total value of 96
points at a minimal follow-up of one year (range, 1-10
years).
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681 studies identified after
first literature search

Studies found:

- PubMed n =358
- Medline n=4
- EMBASE n=303

- Manual search n=16

A 4

Duplicates n =211

v

470 studies for review of
abstract

» No data on BMD or DEXA

n=335

y

135 studies for review
of full text

v

y

29 studies included in -

106 studies excluded:
Data on conventional hip stems n=27
No direct postoperative BMD values n=19
Only abstract available n=15
Data on hip resurfacing n=12
No (metric) data on BMD n=10
Duplicates/same data as other study n==6
Medication related BMD n=>5
Other type of hip stem n=4
CT-measured bone mineral density n=2
only data on BMD after 10 year FU n=2
No use of Gruen zones n=1
Gruen zones not altered for short stem n=1
Animal study n=1
Comment on other article n=1

systematic review

Fig. 2 Flowchart with selection of included studies.

Note. BMD, bone mineral density; DEXA, dual-energy X-ray absorptiometry; CT, computerized tomography; FU, follow-up.

Gruen 1 showed bone loss of 8% after one year
(n=731) and 11% after two years (n = 227). Bone loss in
Gruen 7 was 14% after one year and 15% after two years
(Table 3).

Osteotomy levels (Fig. 4)

Bone loss in Gruen 1 was, in both trochanter sparing and
partial collum hip stems, less than 10%, with a slightly
better preservation in trochanter sparing hip stems at one
year follow-up. This was not seen at two-year follow-up.
A difference of > 10% bone loss was found at two-year

follow-up between trochanter sparing and partial collum
hip stems in Gruen 7.

In anatomic stems, the trochanter harming stems were
bone stock preserving at one-year follow-up in Gruen 1,
but this preservation was not seen at two-year follow-up.
There is a difference between trochanter sparing stems in
short and anatomic stems, in favour of the short stems.

Anchoring types (Fig. 5)

In short stems, metaphyseal anchoring was bone stock
preserving in the two Gruen zones at one- and two-year
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Table 1. Summary of included studies

Author, year Patients/hips (n) Age (mean) M/F (n) Body mass index (mean) Follow-up (years) Design MINORS
Arabmotlag, 2003°2 15/15 48 7/8 - 2 CTX 17/22
Boller, 201950 39/39 51 13/26 28 2 Metha 12/16
28/28 66 16/12 27 2 Metha
Brinkmann, 201541 24/24 59 12/12 27 1 Metha 16/22
26/26 60 16/10 27 Nanos
Ercan, 201642 62/62 57 28/34 29 1 Minihip 10/16
Fokter, 20152 19/19 60 8/11 28 1 Unibionix 16/22
Freitag, 201633 57/57 57 36/21 30 1 Fitmore 19/22
Gasbarra, 201434 33/33 62 15/18 24 1 Fitmore 16/22
Hayashi, 201670 21/21 68 11/56 23 2 Trilock 12/16
Jahnke, 201443 40/40 55 20/20 27 1 Metha 13/16
Kim, 201125 50/60 54 22/28 26 3 Proxima 16/22
50/60 52 24/26 25 Profile
Kim, 201626 201/221 53 118/83 30 10 Proxima 19/22
400/530 53 264/136 29 IPS
Kim, 201636 200/200 53 138/62 30 12 Proxima 19/22
200/200 53 138/62 30 Profile
Leali, 200427 10/10 65 4/6 - 3 Revelation 10/16
Lerch, 201244 25/25 59 16/9 25 2 Metha 13/16
Meyer, 201932* 54/54 - - - 5 Fitmore -
Nysted, 201151 43/43 55 18/28 - 5 Unique 16/22
35/35 53 13/28 - ABG-I
Panisello, 200937 56/56 60 27/29 28 5 ABG-I 19/22
54/54 59 26/28 27 ABG-Il
Parchi, 201742 20/20 54 11/9 - 4 Metha 12/16
Rahmy, 200438 24/24 62 11/18 28 3 ABG-I 18/22
Salemyr, 20153 26/26 62 11/15 27 4 Proxima 21/22
Shafy, 201645 26/26 43 20/6 27 2 Minihip 12/16
Sluimer, 200628 40/40 53 15/25 - 2 Omnifit-HA 1090 18/22
Steens, 201546 20/20 49 12/8 26 5 ESKA cut 2000 14/16
Synder, 201547 36/36 50 18/18 - 1 Metha 12/16
Vd Wal, 200640 25/25 62 17/8 - 2 ABG-I 16/22
26/26 60 12/14 - 2 ABG-II
Vd Wal, 20083 24/24 60 11/13 - 2 ABG-I 15/22
White, 200822 27/27 37 14/13 25 5 Epoch 9/16
Wixson, 199730 35/35 50 16/19 - 2 Custom made 9/16
Zeh, 201348 25/25 60 15/10 29 1 Nanos 11/16

Note. MINORS, Methodological Index for Non-Randomized Studies.
*Study between two age groups.
**follow-up of Freitag et al, 201633.

follow-up. Metadiaphyseal anchoring also achieves this in
Gruen 1, but not in Gruen 7. Comparing metadiaphyseal
short stems and anatomic stems, both stems had equal
bone loss in Gruen 1 and 7.

Short stem types (Fig. 6)

The progress of the different types of short stems that
are still on the market in Gruen 1 and Gruen 7 over time
varies. The total mean percentual changes in BMD of the
short and anatomic stems were included as reference line,
with the threshold of 10%.

At two years follow-up, the Metha (Braun, Hessen,
Germany), Fitmore (ZimmerBiomet, Warsaw, USA) and
Minihip (Corin group PLC, Circencester, United Kingdom)
were bone stock preserving in Gruen 1 and 7. The Trilock
(DePuy, Warsaw, IN) was bone stock preserving in Gruen 1,
but this was not achieved in Gruen 7. The Nanos (Smith
& Nephew, Marl, Germany) is bone stock preserving in
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Gruen 7 at one-year follow-up, but did have more than
10% bone loss in Gruen 1.

Discussion

This review compiled the available data on periprosthetic
bone loss in short and anatomic hip stems and defined
which type of stem is best capable of preserving bone
stock. Overall one-year follow-up results revealed that
short and anatomic stems are bone stock preserving in
Gruen 1. Furthermore, only the short stem was bone stock
preserving in Gruen 7 at one-year follow-up. In the rest
of the follow-up moments, in both short and anatomic
stems, there was more than 10% bone loss. Bone stock
was preserved in the remaining Gruen zones in short and
anatomic stems.

This review was restricted to short stems and ana-
tomic stems; hip resurfacing stems were not included
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Table 2. Classification and course of bone loss per hip stem design from baseline in Gruen 1 and 7 (in %)

Gruen 1 Type Osteotomy Anchoring Studies (n) N 3M 6M 1Y 2y
ABG-[35-38,51 Anatomic Trochanter sparing Metadiaphyseal 5 164 -1 -11 -13 -12
ABG-I13538 Anatomic Trochanter sparing Metadiaphyseal 2 80 -5 -7 -8 -9
Custom made Biomet3° Anatomic Trochanter harming Diaphyseal 1 31 -10 =17 -8
CTX52 Anatomic Trochanter sparing Diaphyseal 1 15 -2
Epoch?? Anatomic Trochanter harming Diaphyseal 1 12 =17 -19
ESKA cut 200046 Short Partial collum Metaphyseal 1 30 -3 -1
Fitmore31,32,40 Short Trochanter sparing Diaphyseal 3 90* -3 0 —4

1PS33 Anatomic Trochanter harming Metadiaphyseal 1 385 0
Metha#1,43,44,47,49, 50 Short Partial collum Metaphyseal 6 206 -9 -9 -8 -5
Minihip#245 Short Partial collum Metadiaphyseal 2 88 =11 =12 -8 -3
Nanos*1:48 Short Partial collum Metadiaphyseal 2 51 -9 -14
Omnifit-HA 109028 Anatomic Trochanter harming Diaphyseal 1 35 =11 =13 -14 -13
Profile25.26 Anatomic Trochanter harming Diaphyseal 2 60 =27
Proxima?>:26,34, 39 Short Trochanter sparing Metaphyseal 4 333 -6 -3 -1 -3
Revelation?” Anatomic Trochanter harming Diaphyseal 1 10 -1 -2 -4

Trilock3? Short Trochanter sparing Diaphyseal 1 65 -6 -5 -3

Unibionix24 Short Trochanter harming Metadiaphyseal 1 19 0 5 10

Unique>! Short Trochanter sparing Metadiaphyseal 1 43 -10 -9 -10 =11
Gruen 7 Type Osteotomy Anchoring Studies (n) N 3M 6M 1Y 2y
ABG-| 35-38,51 Anatomic Trochanter sparing Metadiaphyseal 5 164 =12 -22 -23 -15
ABG-I13538 Anatomic Trochanter sparing Metadiaphyseal 2 80 -5 -10 -16 -12
Custom made Biomet3° Anatomic Trochanter harming Diaphyseal 1 31 =17 -19 15
CTX32 Anatomic Trochanter sparing Diaphyseal 1 15 -34
Epoch? Anatomic Trochanter harming Diaphyseal 1 12 -10 -12
ESKA cut 200046 Short Partial collum Metaphyseal 1 30 -3 1
Fitmore31,32:40 Short Trochanter sparing Diaphyseal 3 90* -14 -6 -8

1PS33 Anatomic Trochanter harming Metadiaphyseal 1 385 -6
Metha#1,43,44,47,49, 50 Short Partial collum Metaphyseal 6 206 -15 =11 -13 -3
Minihip4245 Short Partial collum Metadiaphyseal 2 88 -11 -12 -9 -3
Nanos#1,48 Short Partial collum Metadiaphyseal 2 51 -9 -8
Omnifit-HA 109028 Anatomic Trochanter harming Diaphyseal 1 35 -11 -13 -14 -13
Profile2526 Anatomic Trochanter harming Diaphyseal 2 60 -33
Proxima?°:26,34,39 Short Trochanter sparing Metaphyseal 4 333 =11 =12 -7 -13
Revelation?” Anatomic Trochanter harming Diaphyseal 1 10 —4 -5 -5

Trilock3 Short Trochanter sparing Diaphyseal 1 65 -9 -9 -14
Unibionix?* Short Trochanter harming Metadiaphyseal 1 19 =12 =12 -15

Unique>! Short Trochanter sparing Metadiaphyseal 1 43 =17 -20 =21 —24

*Number of patients of two studies (Freitag®?* and Gasbarra3* as Meyer32 et al is a follow-up study of Freitag.33

Gruen 1 Gruen 7
0 n =855 n=731 n=266 n=227 0 n =855 n=731 n=266 n=227
_ - T _
e 7 - 1 g 7
-
-5 £
B 10 -5 e T -10 1 T T
£ _8 T £ T
) ] 10 T b
£ 15 -1 £ 157 e T
o X -14 -15
8 -20 A X -20
-25 -25
1 2 1 2
Time (years) Time (years)
[Jshort [ anatomic [Jshort [ anatomic

Fig. 3 Percentual bone loss per type of hip stem in Gruen 1 and 7, with pooled standard error.
Note. BMD, bone mineral density.
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Table 3. Mean percentual change in bone mineral density in short and anatomic stems as a proportion from baseline (< 3 weeks postoperative)

Short Time (months) 3 6 12 24 36-60 60-120
Nr of hips (G1, G7) 397 (12) 456 (12) 855(18) 266 (7) 335 (4) 221 (3)
Nr of hips (G2-G6) 371 (11) 430(11) 582 (16) 240 (6) 117 (3) 63 (2)
Gruen 1 -7 -8 -5 -5 1 -2
Gruen 2 -7 =5 —4 -1 -9 -7
Gruen 3 -1 -1 0 1 -2 —4
Gruen 4 —4 —4 -2 -1 =5 -6
Gruen 5 -3 -2 -2 0 0 -3
Gruen 6 -5 -1 1 2 —4 0
Gruen 7 -12 =11 -10 =11 -13 -15
Anatomic Time (months) 3 6 12 24 36-60 60-120
Nr of hips (G1, G7) 155 (5) 245 (6) 731 (9) 227 (8) 504 (4) 631 (5)
Nr of hips (G2-G6) 155 (5) 245 (6) 257 (7) 227 (8) 59 (2) 157 (3)
Gruen 1 -9 -10 -8 =11 -13 -2
Gruen 2 -7 —4 -5 -6 -7 4
Gruen 3 -5 —4 -2 -2 -5 -1
Gruen 4 —4 -5 -1 -1 -2 -1
Gruen 5 -4 -1 -2 -1 -1 3
Gruen 6 -6 —4 —4 -3 -5 3
Gruen 7 -10 =17 -14 -15 -13 =25

Between brackets number of studies.

Gruen 1 Short Gruen 1 Anatomic
15 15 o
10 - a 104
[a] S 54
= 5 @ n=169 n=562 n=149 n=78
@ > £ 0+
£, 1 n=365 n=an n=132n=134 & =
2 n=19* § -10 -
I~ S _ -7
£ _5 v -15
o S 20 4 -1
X -5 -12 -12
-10 - 6 -25 -
-8 1 2
-15 - 5
Time (years) Time (years)
[ partial collum [ trochanter sparing [l trochanter harming [ trochanter sparing [l trochanter harming
*One study
Gruen 7 Short Gruen 7 Anatomic
0 n =365 n=471 n=19* n=132 n=134 5
2 | a od n=169 n=>562 n=149 n=78
= 7 =
o0 -4 @ 5|
£ -10 £
o 9 @ 10
254 _ 2
< 1 < 15 -
S s S -12
2 20 17 L -20 -6 M
_25 -25 -
: 5 21 2
Time (years) Time (years)
[ partial collum [ trochanter sparing [l trochanter harming [ trochanter sparing [l trochanter harming
*One study

Fig. 4 Percentual bone loss in type of osteotomy in Gruen 1 and 7 (short and anatomic), with pooled standard error.
Note. BMD, bone mineral density.
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Gruen 1 Short Gruen 1 Anatomic
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Fig. 5 Percentual bone loss in type of anchoring in Gruen 1 and 7 (short and anatomic), with pooled standard error.

Note. BMD, bone mineral density.

due to different physical loading and anchoring prin-
ciples. Uncemented conventional hip stems were cov-
ered in the review by Knutsen et al.’® All measurements
were obtained with DEXA scans, a widely used and reli-
able technique for measurement of periprosthetic bone
loss.'7:53 The focus of interest in this review were Gruen 1
and 7, as these two zones are most representative for
proximal loading of the femur and where periprosthetic
bone loss is mainly observed.?35435 These two zones are
also the most comparable between different stem designs,
as stem length defines the length of the Gruen zone for
Gruen 2 until Gruen 6, but is less important for Gruen 7
(the calcar/lesser trochanter region) and Gruen 1 (greater
trochanter region).

By maintaining a greater part of the postoperative
physical loading in the metaphysis, the trochanter region
has less bone stock loss in short (-5%) and anatomic (-8%)
stems one-year postoperatively than uncemented conven-
tional stems (-=9.8%), as shown in the review by Knutsen

et al.’ In the calcar region it is more difficult to preserve
bone stock in uncemented conventional stems (-19%).13
Short stems (-10%) show better bone stock preservation
one year after implantation compared to uncemented
conventional stems. The more proximal anchoring ana-
tomic stems (-14%) also provide a smaller amount of
bone loss than uncemented conventional stems in the
calcar region.

The present study had some limitations. This review
has focused only on the classification of the hip stem,
thereby neglecting implant-specific characteristics such
as geometry, coating, stiffness and material that are also
associated with BMD.'3 The IPS (anatomic) and Unibionix
stem (short) both show remarkable bone stock preserva-
tion in Gruen 1, the Unique stem (short) displays bone
loss of more than 20% in Gruen 7 and the Profile stem
(anatomic) has bone loss of more than 20% in both Gruen
zones. These results are not in line with other results of
the same type of hip stems in their category, indicating
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that other implant-specific characteristics play an impor-
tant role. Unfortunately, stem positioning and osteotomy
level were not mentioned in most studies, therefore their
effect on BMD could not be assessed in this review. But
it could be an explanation between two different results
in the same type of hip stem (Metha), where one study
describes bone loss of 23% in Gruen 7 and another 8%.
A study by Brinkmann et al*¢ showed a different strain-
ing distribution in stems which were placed in a varus or
valgus alignment.
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Most studies reported data on BMD direct postopera-
tively in both Gruen zones 1 and 7; however, 19 studies
did not. They compared follow-up BMD to the preopera-
tive BMD (n =5), the BMD of the contralateral side (n = 3),
the BMD value without Gruen zones (n = 4) or made no
comparison at all (n = 7). Therefore, these studies were
excluded from this review. A threshold of 10% bone loss
was chosen as clinically relevantin this review as reference
value for all short hip stems, thereby making a stem bone
stock preserving when it shows less than 10% bone loss.
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However, there is no known threshold for how much bone
loss is of clinical significance for implant failure. Long-term
survival in hip stems can be affected by bone loss in Gruen
1 and 7, but in case of sufficient anchoring in the other
(more distal) Gruen zones, implant stability can be main-
tained. As conventional stems have a higher percentage of
bone loss, most stems also have excellent long-term sur-
vival, as seen with the 13A Orthopaedic Data Evaluation
Panel (ODEP) rating for the CLS and Exeter for example.
However, if the femoral component fails in the long term
due to aseptic loosening, this is often accompanied with
(proximal) bone stock loss and mostly seen in Gruen 1 and
Gruen 7. As revision surgery in total hip arthroplasty is ris-
ing, due to a higher incidence of younger and more active
patients with total hip arthroplasty,>7-¢' this loss can pose
more difficulty during revision surgery®? and influence the
type of hip stem as femoral replacement.®3 The chance of
complications, such as fractures, and the difficulty of the
revision is theoretical lower when there is still sufficient
bone stock.6* Especially in patients who have a chance of
re-revision in THA, maintaining bone stock seems to play
an important role.6

The majority of the studies concerned follow-up data
limited to the first postoperative year. Since bone activ-
ity is a continuous process, medium- and long-term bone
remodelling is important for better understanding of the
effect that short stems have on the physical loading.26:66,67
Especially since the patient population is in a stage of
life where bone stock will naturally decline due to age,
reduced activity and hormonal shifts.®® Nevertheless,
the promising course of bone remodelling in this review
around the short stem during the first two postoperative
years could yield information on bone stock preservation
in the long term. 12,6

Both classification systems based on osteotomy level as
well as anchoring site revealed varying amounts of bone
loss within their classification among short and anatomi-
cal stems. This could indicate that positioning of the stem
can play a role in bone remodelling.>%7° For instance, the
Nanos stem can be placed in a varus or valgus position,
depending on the hip anatomy of the individual patient
in terms of the femoral offset. Osteotomy level can there-
fore be either partial collum or trochanter sparing while
maintaining the anchoring site. Classification on just oste-
otomy level could not be accurate enough. Therefore,
classification according to type of anchoring should be
described in further research when describing the effect of
the hip stem on femoral bone loss.

Conclusion

This study contributes to the understanding of peripros-
thetic bone mineral density in short stem hip arthroplasty.
Short stems are capable of preserving bone stock by

maintaining the postoperative physical loading in the met-
aphysis. Though there is still loss of bone, this is slightly
reduced in short stems compared to anatomic stems.
Whether this effect is clinically relevant and remains in the
long term is yet to be established.
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