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The aim of this study was to analyze the bone remod-
eling around the Nanos® stem (Smith & Nephew, 
Marl, Germany) after primary total hip arthroplasty 
for coxarthrosis.
In 25 patients (15 male, 10 female, mean age 59.9 years) 
with the diagnosis of coxarthrosis, a DEXA scan was 
performed immediately after surgery, 97 days (SD 
6.1 days) and 368 days (SD 6.2 days) after implanta-
tion of a Nanos® prosthesis. Plain radiographs were 
analyzed digitally for radiolucent lines, varus-valgus 
femoral stem alignment, measurement of stem migra-
tion and changes in varus-valgus femoral stem align-
ment. The position of the center of rotation (COR) 
and the offset were assessed pre- and postoperatively. 
Harris Hip Score was used to evaluate the clinical 
outcome.
The DEXA scan showed a significant and relevant in-
crease in BMD (Bone Mineral Density) in Gruen-
Zone 6 (12%) and a decrease in Zone 1 (15%), 2 (5%) 
and 7 (12%), which was interpreted as reflecting a 
distal load transfer in the metaphysis of the femur. 
There was no clinically relevant migration or tilting 
of the Nanos® stem. Radiolucent lines were noted in 
12 cases, mainly at the polished tip area of the pros-
thesis ; this was not regarded as a sign of impaired 
osseointegration. There was no significant difference 
between the position of the COR and the pre- and 
postoperative offset.
The absence of stem migration, angulation, or 
 relevant radiolucent lines is seen as evidence for an 
unimpaired osseointegration of the Nanos® stem ap-
proximately 12 months after implantation. It is con-
cluded that the Nanos® prosthesis can reduce loss of 

BMD of the proximal femur composed with conven-
tional stems or other short-stemmed implants. 
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INTRODUCTION

The use of short-stemmed femoral prostheses in 
hip arthroplasty has increased in the past few years, 
as shown by the development of several such stems 
by different manufacturers (12). 

Short-stemmed femoral implants were designed 
to achieve a proximal load transfer in the femoral 
metaphysis. Metaphyseal fixation is seen as a 
precondition  for exclusive metaphyseal load trans-
fer. The preservation of the metaphyseal bone is 
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regarded  as advisable to facilitate an exchange from 
a short-stemmed to a conventional prosthesis, for 
 instance, in aseptic loosening. For this reason, the 
short-stemmed prosthesis is increasingly recog-
nized as a useful alternative for THA in young 
 patients (12,18).

However, there are reports suggesting that short-
stemmed implants cannot provide the postulated 
proximal load transfer and therefore do not allow 
for preservation of metaphyseal bone (10,19). 

This study investigated the bone remodeling after 
implantation of a Nanos® prosthesis in order to 
 analyze whether a proximal load transfer could be 
achieved with this short-stemmed femoral implant. 

PATIENTS AND METHODS

A Nanos® short-stemmed femoral prosthesis (Smith 
& Nephew, Marl, Germany) was implanted in 25 pa-
tients, 15 male, 10 female, with an average BMI of 29 
(SD 4.0) and an average age of 59.9 years (SD 8.2 ) ; the 
indication for arthroplasty was osteoarthritis : primary 
coxarthrosis in 21, secondary coxarthrosis in 4 (2 dyspla-
sias, 1 AVN, 1 femoral head epiphysiolysis) patients. A 
Trilogy® cup (Zimmer, Warsaw, U.S.A.) was used in all 
cases. After surgery, all patients were mobilized, full 
weight bearing. A prospective follow-up (FU) was 
planned consisting the assessment of the stem position-
ing, regarding varus and valgus, the measurement of lon-
gitudinal stem migration and tilt of the femoral stem at 3 
and 12 months postoperatively and a DEXA scan (Lunar 
iDXA, Fa. Lunar Coop., Wisconsin, USA) of the oper-
ated hip immediately postoperatively and at 3 and 
12 months postoperatively. BMD was measured in the 
anteroposterior x-ray films and associated with the Gruen 
Zones (11). Furthermore, the occurrence of radiolucent 
lines was noted 12 months postoperatively. The  Harris 
Hip Score was assessed preoperatively and at 3 and 
12 months postoperatively.

The preoperative anteroposterior radiographs of the 
operated hip and those taken 97 (SD 9.8) days postopera-
tively were analyzed regarding the CCD (caput collum 
diaphysis) angle, center of rotation (COR) and offset 
 according to the method described by Jerosch et al (15). 

The longitudinal migration as well as the varus or 
 valgus tilt of the Nanos® Stem was determined by one 
examiner in the first post-surgical radiograph (FU 1), as 
well as in anteroposterior films after an average of 
97 days (SD 6.1) (FU 2) and an average of 368 days (SD 
6.2) (FU 3) using the Wristing® digital software (3). 

The measurement of longitudinal migration was 
defined  as a decrease in the distance between the tip of 
the lesser trochanter (a) and the tip of the prosthesis (b). 

The magnification factor was determined on all AP 
 x-ray images by measurement of the diameter of the 
 implanted cup, the real outer diameter of which was 
known (Fig. 1a). 

The tilt of the femoral stem was defined as the angle 
between the tangent to the medial implant surface and the 
proximal femur axis in the anteroposterior radiographs 
(Fig. 1b). 

In order to calculate the positioning of the implant re-
garding varus/valgus, information from the manufacturer 
was obtained about the angle between the measured 
 tangent at the medial implant surface and the centerline 
of the taper/neck of the implant. A calculated angle 
 between the centerline of the taper/neck of the implant 
and the proximal femur axis in the anteroposterior x-rays 
below 125° was defined as neutral/varus positioning. If 
this angle was 125° or above, the implant positioning was 
defined as valgus. 

As these measurements are potentially influenced by a 
different rotational positioning of the proximal femur, 
positioning aids during anteroposterior radiographs and 
DEXA of the hip joint were used routinely. 

The error of the measurement of migration and 
 angulation of a femoral stem by means of the Wristing® 
digital software was assessed as 2 mm and 3° respective-
ly. Therefore, a significant migration or change of tilt of 
the femoral stem was defined as a difference of at least 
2 mm or 3° respectively (22).

The incidence of periprosthetic radiolucent lines (RL) 
captured in the anteroposterior x-ray pictures was associ-
ated with the Gruen Zones (11). A radiolucency at least 
1 cm long and 1mm thick between the prosthesis and the 
surrounding bone was defined as a radiolucent line (27).

The statistical analysis was performed with SPSS 
(IBM SPSS Statistics, Version 19, IBM Company). 
 Significant differences for normal distributed data 
 between different follow-ups were explored by paired 
 t-tests and significant differences between different study 
groups (DEXA) by unpaired t-tests. If a normal distribu-
tion was not present, the Wilcoxon-Test and the Mann-
Whitney-U-Test respectively were performed. The level 
of significance was defined as p < 0.05. 

RESULTS

The assessment of the preoperative and postop-
erative offset and center of rotation did not show a 
significant difference (Table I). 
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Table I. — Migration and alignment of femoral component CCD, Off-set and COR

Follow-up
on average

n 

preop.

25

FU 1
4.6 days
(sd = 1.2 days)
25

FU 2
97 days
(sd = 6.1)
25 

FU 3
368 days
(sd = 6.2)
25 

Distance „ab“ * (mm)
sd

50.1  

6.9
50.6 p=0.002#

6.6
50.5 p=0.5#

6.9
Stem alignment* 
sd

134.6°
4.3°

134.0° p=0.001#

4.6°
133.7° p=0.001#

4.6°
CCD (°) 127 (sd= 7) n.a.
COR (mm)
sd

20.3  

4.6
21,0 p=0.4#

5.06
Offset (mm)
sd

45.9
7.8

45.6 p=0.7#

10.0

(Distance „ab“= “ (tip of lesser trochanter – apex of femoral component).
* = average, # = result of paired t-test, postop. = postoperatively, FU = follow-up, sd = standard deviation, stem 
alignment = varus/valgus (increased values indicate varisation of femoral component).
CCD = caput collum diaphysis angle, stem alignment = varus/valgus (increased values indicate varisation of 
femoral component), COR = centre of rotation.

The statistical analysis of the measured stem mi-
gration and stem positioning showed a significant 
difference after 97 days (FU 2) and 368 days (FU 3) 
(Table II). These significant differences were re-
garded as clinically not relevant because they are 

extremely small and within the measurement error 
for stem migration and angulation measurements of 
the Wristing® software (22).

The calculated postoperative CCD angle was 
133° (sd = 4.6°). In none of the cases was a neutral 

a b

Fig. 1. — Measurement of distance „ab“ (left) and measurement of stem angulation (right)
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SD = 4) was calculated. There was a significant im-
provement during the follow-up (paired t-test).

DISCUSSION

In recent years, the use of short-stemmed 
 prostheses has considerably intensified, which was 
demonstrated by the development of numerous 
models of this type of prosthesis from different 
manufacturers (12). Short-stemmed femoral im-
plants were mainly designed to achieve a proximal 
load transfer to avoid a distal osseointegration, 
which is proven to lead to proximal femoral stress-
shielding in so-called conventional stems (7,12,18,24).

It remains controversial whether the implantation 
of short-stemmed femoral prostheses leads to an 
 exclusively metaphyseal stress distribution. Some 
authors (6,8,13,23,26) found evidence for a proximal 
load transfer and an increased or persisting high 
bone mineral density (BMD) of the femoral 
 metaphysis after implantation of a short-stemmed 
femoral prosthesis ; others could not confirm these 
findings (10,19). 

In a prospective randomized trial, Hube et al 
(2004) investigated the osseointegration of the 
Mayo®-Stem (Zimmer, Warsaw, USA) compared 
with the ABG™- Prosthesis (Stryker GmbH & Co.
KG, Duisburg, Germany) in 93 patients with the use 
of DEXA scans. They found an increase of BMD 

or varus stem positioning found following the 
 definition used in this study (Table I).

Fifteen radiolucent lines were found in 12 cases 
on average 368 days postoperatively. In 8 cases, a 
radiolucent line was located at the polished tip area 
of the prosthesis only, which was not regarded as 
a sign for impaired osseointegration. In a further 
2 cases, there was one additional radiolucent line in 
zone 4. In the remaining 2 cases, radiolucent lines 
were found in no more than in 2 non connected 
Gruen -Zones. None of the RL’s exceeded 2 mm 
thickness.

The evaluation of the DEXA scan preoperatively 
and on average 97 days (FU 2) and 368 days (FU 3) 
postoperatively showed a significant difference 
in Zone 1, 2, 6, and 7. In Zone 1, 2 and 7, a constant 
significant  decrease was detected, whereas Zone 6 
showed a significant increase at FU. There was also 
a very small difference in the BMD in Zone 4 at 
FU 2, which was regarded to be clinically irrelevant. 
In addition, this difference was absent at FU 3. For 
organizational reasons, only 23 patients could be 
evaluated by DEXA at FU 3 (Table II). 

Two of the patients (8%) showed an intra-
operative fissure, which was treated as described in 
a previous publication (25). No other complications 
occurred. 

For FU 2 and 3, an HHS of 83 (min = 48, 
max = 100, SD = 14) and 94 (min = 84, max = 100, 

Table II. — Results of DEXA

direct postop.
BMD

(g/cm2)
n = 25

BMD at FU 2
(97 days postop.)

(g/cm2)
n = 19

BMD at FU 3
(368 days postop.)

(g/cm2)
n = 23

Zone 1*(sd) 1.04 (0.2) 0.95 (0.2) p=0.001 0.88 (0.2) p=0.001

Zone 2*(sd) 1.79 (0.4) 1.69 (0.3) # 1.70 (0.3) p=0.01

Zone 3*(sd) 2.26 (0.3) 2.23 (0.2) # 2.22 (0.3) #

Zone 4*(sd) 2.13 (0.3) 2.03 (0.3) p=0.001 2.10 (0.4) #

Zone 5*(sd) 2.14 (0.3) 2.07 (0.3) # 2.13 (0.4) #

Zone 6*(sd) 1.58 (0.3) 1.71 (0.3) p=0.004 1.77 (0.4) p=0.006

Zone 7*(sd) 1.52 (0.2) 1.38 (0.2) p=0.009 1.34 (0.2) p=0.001

(* = average, # = not statistically different to study group (paired t-test, p ≥ 0.05), p values = results 
of paired t-test, BMD = Bone Mineral Density, n preop. = preoperatively, postop. = postoperatively).
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 allows conclusions considering the load transfer in-
duced by the femoral implant (21). 

The finding of a significant and constant decrease 
of the BMD in Zone 1, 2, and 7 of 15%, 5%, and 
12% in our study group during the follow-up is in-
terpreted as a result of a distally located load trans-
fer and a moderate proximally located stress-shield-
ing. This conclusion is supported by the presence of 
a significant moderate increase of BMD in Gruen-
Zone 6 of 12% at FU 3. According to the definition 
of the Gruen-Zones in this study, Zone 6 is located 
lower than the minor trochanter. This means that 
only a limited increase or preservation of bone mass 
at the calcar region can be achieved. The long-term 
preservation of bone of the calcar region is one of 
the main goals using short-stemmed prostheses in-
stead of so-called conventional stems (12).

On the other hand, the bone loss in Gruen-Zone 7 
was regarded as rather low after approximately one 
year postoperatively. This finding is in accordance 
with the report of Götze et al (2010) who found 
in their study on the osseointegration of the  
Nanos®-Prosthesis a bone loss of approximately 
7% at the calcar region and 6% at the major trochan-
ter (10).

Compared to results of other analyses of the 
osseo integration of short-stemmed femoral im-
plants, these findings suggest only a moderate bone-
loss at the calcar region after implantation of the 
Nanos®-Stem approximately one year postopera-
tively. For the Mayo®-short-stemmed prosthesis, 
for instance, a bone loss between 15% and 18% was 
described previously (4).

Furthermore, we cannot endorse the conclusion 
of Götze et al (2010), as we did not find a  significant 
increase in BMD in Gruen Zones 2 and 3, which 
correspond to the lateral aspect of the Nanos®-
Stem. Götze et al (2010) found in their study a 
 decreased BMD in Gruen-Zone 2 of  approximately 
10% and concluded that this change was caused by 
stress shielding. The authors therefore concluded 
that proximal fixation and force transmission cannot 
be achieved with the Nanos®-Prosthesis. The posi-
tioning of the Nanos®-Stem was not reported in 
their study. 

One could assume that different stem positions 
could affect the DEXA results. The comparability 

after implantation of the Mayo®- Stem in the calcar 
region approximately 12 months after implanta-
tion (14). This was in contrast to the ABG™- 
 Prosthesis, which showed a decrease of BMD in of 
the proximal femur suggesting a distal fixation of the 
implant. The authors interpreted this loss of bone 
mass as a proximal located stress-shielding (14). 

Logroscino et al (2011) evaluated the osseo-
integration of two different partial neck retained 
stemless hip prostheses at one year after surgery, 
measured by the changes in periprosthetic BMD 
 using dual-energy X ray absorptiometry. Thirty-two 
uncemented primary total hip arthroplasty (THA) 
patients allocated into 2 groups were evaluated. 
Both short-stemmed implanted prostheses (19 Prox-
ima (De-Puy-J&J), 12 Nanos® (Smith & Nephew)) 
showed preservation of metaphyseal bone stock and 
increased periprosthetic BMD. With Nanos® 
 prostheses, significantly higher BMD values were 
observed within the metaphysis of the femur (17).

DEXA scans are widely accepted to investigate 
the osseointegration of femoral stems (1,2,4,5,20). 
This method is regarded to assess accurately the 
BMD during the postoperative follow-up which 

Fig. 2. — Example of a DEXA of the Nanos™-prosthesis with 
defined modified Gruen-Zones.
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The consecutive cases for this study were not 
randomized or specially selected. Short-stemmed 
implants are used at our department as implants of 
first choice up to the age of seventy. Therefore, no 
particular criteria of exclusion or inclusion were 
 defined. Nevertheless, subjective factors of patient 
selection cannot be absolutely excluded with this 
study design. 

The conclusions are limited by the length of fol-
low-up of this study. The data suggest an ongoing 
remodeling during this postoperative time period 
insofar as the bone loss in Gruen-Zone 1 and 7 was 
significant throughout this follow-up. One has to as-
sume that this process is continued further. This 
could hypothetically result in a higher percentage of 
bone loss as described for instance for the Mayo®-
Stem (4).

In summary, we conclude that the Nanos® pros-
thesis can reduce loss of BMD of the proximal 
 aspect of the femur compared with conventional 
stems and other short-stemmed implants. However, 
a complete prevention of stress shielding of the cal-
car region and the major trochanter is not achieved. 
In contrast to others, we found no evidence for a 
substantial distal load transfer (4,10,21).
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