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CLINICAL STUDY

Comparison of bone remodelling around short stem
and conventional straight stem in total hip replacement: 
a prospective randomized radiographic and dual-energy X-ray 
absorptiometric study
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Department of Orthopedics and Traumatology of Locomotors Apparatus, Medical Faculty of P.J. Safarik 
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ABSTRACT 
OBJECTIVE: The aim of study was to evaluate periprosthetic bone mineral density (BMD) changes of 
proximal femur, osseointegration and clinical outcomes after implantation of short-stemmed and conventional 
straight-stemmed prostheses.
METHODS: This prospective, randomized study included 50 patients with unilateral total hip replacement. 
The patients were randomized into 2 cohorts: patients with a cementless short stem Metha (n=25) 
and patients with a cementless conventional straight stem Bicontact evaluated as the control (n=25). 
Periprosthetic BMD changes were measured using a DEXA performed at one-week, 3-monts, 6-months 
and 1-year follow up. Clinical evaluation with Harris hip score (HHS) and radiographic assessment were 
performed through a 1 year follow up.
RESULTS: Compared to 1-week postoperative assessment, there were differences in BMD changes between 
the groups at the fi nal follow-up in all ROIs, with statistical signifi cances in ROI 1, 2, 3, 6 and 7. The loss of 
periprosthetic BMD in all ROIs around straight stems at each time-point was observed. There was a tendency 
towards a regain of BMD in all ROIs at 1-year follow-up compared to the 3-months postoperative assessment 
with the short stems. Less pronounced bone loss was observed around the short stems that the straight stems 
in ROI 1 (‒2.9 % % vs ‒16.2 %), 5 (‒4.7 % vs ‒8.9 %) and 7 (‒8.6 % vs ‒20 %). The periprosthetic BMD 
exceeded baseline values in the short stem cohort in ROI 2 (+4.4 % vs ‒5 %), 3 (+5.6 % vs ‒2.5 %) and 6 
(+4.3 % vs ‒10 %). All stems had a radiographically stable fi xation. Stress shielding–related bone resorption 
was markedly lower in the short stem cohort. The HHS score was comparable between the two cohorts.
CONCLUSION: The implant-specifi c stress shielding altered the proximal loading condition for both stems; 
however, the results of this study suggest a more physiological strain distribution with the short stems versus 
the straight stems (Tab. 3, Fig. 3, Ref. 25). Text in PDF www.elis.sk
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Introduction

Total hip replacement (THR) is one of the most effective 
procedure in orthopaedic surgery. THR in younger patients has 
become more common over last decades. The risk for a revision 

surgery is higher due to longer life expectancy and activity level 
of these patients (1). 

Short femoral stems have been introduced in primary hip 
arthroplasty with the aim to preserve trochanteric and femoral 
neck bone stock and to restore more physiological loading in the 
proximal femur reducing the risk of stress shielding (2). Therefore, 
these shorter femoral implants may be alternative to cementless 
conventional straight stems in younger and more active patients.

The stress shielding is determined with changes in the distribu-
tion of loads on host bone after THR and is mainly a consequence 
of different elasticity of the implant and the periprosthetic bone (3). 
Stress shielding usually involves the proximal femur by reducing 
the mechanical strength and ability to withstand the transmitted 
loads, potentially leading to aseptic loosening and periprosthetic 
fatigue fractures (4).

The area of implant fi xation and load transfer can be deter-
mined by assessing periprosthetic bone remodelling, with peri-
prosthetic bone mineral density (BMD) changes measured with 
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dual-energy X-ray absorptiometry (DEXA) (5, 6, 7). The most of 
the dynamic remodelling processes are determinable within fi rst 
year after THR, followed by minimal changes in periprosthetic 
bone quality (8, 9, 10).

The purpose of this study was to evaluate implant-specifi c 
BMD changes of proximal femur, osseointegration and clinical 
outcomes after the implantation of the short-stemmed femoral 
prostheses Metha and the conventional straight-stemmed prosthe-
ses Bicontact. Our hypothesis was that the short-stemmed implants 
provide more physiological bone remodelling with a lower peri-
prosthetic bone loss, with a good fi xation and clinical outcomes.

Material and methods

This single-center, prospective, randomized, comparative 
study included a consecutive series of 50 patients (29 males and 
21 females; the mean age 54.9 years; range 45 to 65 years), who 
underwent an unilateral total hip replacement at the University 
Hospital of Louis Pasteur in Kosice for the primary or secondary 
osteoarthritis between December 2014 and January 2019. 

The inclusion criteria compromised the patients with the end-
stage unilateral osteoarthritis of hip (Kellgren‒Lawrence grade 3 
and 4), age ranging from 40 to 65 years old, body mass index be-
tween 18 and 35 kg/m2, with a bone stock suitable for cementless 
hip arthroplasty ‒ femur type Dorr A or B (11). Exclusion crite-
ria were hip dysplasia, previous surgery in the same hip, femoral 

fracture, osteoporosis (DEXA T-score ≤ 2.5) and other metabolic 
bone diseases, drugs affecting bone metabolism and contralateral 
THR within the study period (12 months).

The patients were randomized into 2 cohorts for comparison: 
(1) patients with a cementless trochanter-sparing short stem Metha 
(n = 25) and (2) patients with a cementless conventional standard 
straight stem Bicontact evaluated as the control (n = 25). Online 
statistical computing web programming was used (www.graphpad.
com/quickcalcs) to randomize the subjects into 2 groups with an 
equal sample size. The CONSORT chart illustrating the enrolment 
of patients is shown in Figure 1.

The study protocol was approved by the Faculty of medicine 
of P.J. Safarik University in Kosice Ethics Committee (approval 
number: 8/2013). A written informed consent was obtained from 
each patient. The study was conducted in accordance with the 
principles of the Declaration of Helsinki.

Surgical procedure
All THRs were performed at a single institute by four expe-

rienced orthopaedic surgeons, through a standard anterolateral 
approach. In all cases, the Plasmacup (BBraun, Aesculap, Tut-
tlingen, Germany) press-fi t acetabular component with a ceramic 
insert was used. Patients received either a cementless short stem 
Metha or a cementless straight stem Bicontact. The ceramic (Bio-
lox Delta) head was used. In this study, only the stems were ex-
amined and not the cups. 

Fig. 1. Consolidated standards of reporting trials (CONSORT) fl ow diagram used to describe the grouping and fl ow of patients in the trial.
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Metha short stem (BBraun, Aesculap, Tuttlingen, Germany) is 
made of a titanium forged alloy (Ti6Al4V). The stem has a proximal 
rough titanium, plasma-sprayed, microporous coating. An addi-
tional 20 μm dicalcium phosphate dihydrate (CaHPO4x2H2O) layer 
is applied electrochemically. The stem is anchored metaphyseally 
within the closed ring of the femoral neck.

Bicontact straight stem (BBraun, Aesculap, Tuttlingen, Ger-
many) is made of a titanium forged alloy (Ti6Al4V). The stem has 
a proximal microporous pure titanium Plasmapore coating. A fl at, 
rectangular stem shape, lateral fi xation fi ns and a dorsal antiro-
tational wing give the stem primary stability and proximal force 
transmission exclusively in the intertrochanteric region. Distal 
pressfi t is expressively not intended with this design.

All the patients were allowed a partial weight bearing using 
two crutches postoperatively for 2 months.

Demographic data
The basic characteristics of individual groups were based on 

the expression of the mean age, male to female ratio, body mass 
index (BMI), classifi cation of perioperative risk according to the 
American Society of Anaesthesiologists (ASA), and the distribu-
tions of proximal femoral bone type according to Dorr’s classi-
fi cation.

DEXA assessment
DEXA assessment was performed at one-week, 3-months, 

6-months and 1-year follow-up. Bone mineral density (BMD) 
(g/cm2) of operated hip was measured with the Lunar Prodigy Dual-
energy X-ray Absorptiometry device (General Electrics Healthcare 
Medical Systems, Europe, Belgium) at each assessment. All the 
scans were performed in a supine position with the leg in a jig to 

secure a constant internal rotation of 20°. Contralateral hip and 
lumbar spine were scanned preoperatively to exclude osteoporosis 
(12). The BMD data collected at 1 week after surgery served as 
the baseline value for comparison and changes were expressed in 
percent. All the DEXA scans and analyses were performed by the 
same observer using the metal-removal hip-scan mode (Fig. 2). 
Due to the different femoral component lengths around the straight 
stems, we used conventional seven regions of interest (ROI) de-
scribed by Gruen et al (13), around the short femoral stems we used 
seven modifi ed ROIs (8, 14). The quality controls were performed 
every day for the DEXA equipment to verify system stability.

Clinical assessment
Clinical evaluation, included the Harris hip score (HHS), was 

performed pre-operatively and post-operatively at 1-year follow-
up (15). Also, any intra-operative and postoperative complications 
were recorded.

Radiographic assessment
The femoral morphology was determined in preoperative ra-

diographs using Dorr’s classifi cation (11). Radiological evaluation 
included anterior-posterior X-rays of operated hip performed in the 
day of surgery and at 1-year follow up. All radiographs were re-
viewed by a single observer for subsidence more than 2 mm, osteo-
lytic areas, radiolucent lines around the stem, cortical hypertrophy, 
calcar resorption and presence of heterotopic ossifi cation. Proximal 
femoral bone resorption was graded radiologically, with the grade 
1 showing atrophy or rounding off of the calcar; the grade 2, loss of 
density in the calcar region with a preservation of the medial cortex 
to the level of the lesser trochanter; the grade 3, loss of density in 
the calcar region with a loss of the medial cortex to the level of 
the lesser trochanter; and the grade 4, loss of density in the entire 
medial cortical wall distal to the level of the lesser trochanter (16).

Statistical analysis
The descriptive statistics (mean, standard deviation, and pro-

portions) for the continuous study variables were calculated. The 
Harris hip score and BMD data were compared between the 2 
groups with the Student independent t-test. If the normality test 
failed, the Mann‒Whitney test was used. Statistical signifi cance 
was defi ned at a signifi cance level of p < 0.05. SigmaPlot version 
12.5 (Systat Software, Inc., San Jose, CA, USA) was used for 
statistical analyses.

Results

After 12-months of follow-up, six patients were excluded from 
the study: the contralateral hip became symptomatic in three pa-
tients and three patients refused to continue the study. 44 patients 
completed the fi nal 1-year follow-up. There were no differences in 
the patient demographic parameters between the groups (Tab. 1).

DEXA outcome
BMD fi ndings were signifi cantly different between the 2 

groups at 6-months and 1-year follow-up.

Fig. 2. The Metha stem and Bicontact stem with standardized regions 
of interest (ROI) in a screenshot from DEXA scanner.
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After 3 months, a decrease in BMD was detected in all the 7 
ROIs for both implants versus the 1-week postoperative assess-
ment. There was no signifi cant difference in BMD changes between 
the groups at this point of time.

A reduction of BMD was observed at 6 months, compared to 
1-week results in all the ROIs for both cohorts, except for ROI 6 
in short stem cohort. Continuing reduction of BMD was found in 
the short stem cohort in ROI 4. In the straight stem cohort, con-
tinuous reduction of BMD was observed in ROI 1, 4, 5 and 7. 
There were signifi cant differences in BMD changes among the 
groups in the ROI 7.

Compared with 1-week postoperative assessment, there was a 
decrease of BMD in all the ROIs at 1-year follow-up in the con-
ventional stem cohort. The decrease in periprosthetic BMD was 

most pronounced in ROI 1 and 7. In the short stem cohort, reduc-
tion of BMD has been found in ROI 1, 4, 5 and 7. The reduction in 
BMD was lower for short stems compared to the standard stems. 
It was remarkable that BMD exceeded baseline values in ROI 2, 
3 and 6 in the short stem cohort. There was a signifi cant differ-
ence in BMD changes between the groups at 1-year follow-up in 
all the ROI, except for the ROI 4 and 5. The DEXA outcomes are 
presented in Table 2 and Figure 3.

Radiological outcome
Radiological examination showed no subsidence greater than 

2 mm or radiolucent lines, so all the stems were declared stable. 
No hip with a short stem had a pedestal formation, distal cor-

tical hypertrophy, or cortical thinning. Twelve (52 %) of 23 hips 
with a standard femoral stem had a pedestal formation, and 18 
(78 %) had developed a distal cortical hypertrophy. Stress shield-
ing-related bone resorption was markedly lower in the short stem 
cohort than in the standard stem cohort. Two (10 %) of 21 hips 
with a short stem had the grade 1 bone loss. Fifteen hips (63 %) 
with the straight stem had the grade 1 (4 hips), 2 (8 hips) or the 
grade 3 bone loss (3 hips).

No patient had the grade 3 or 4 heterotopic ossifi cation in 
either group.

Clinical outcome
There were signifi cant increases in HHS score in both the 

groups for all the patients at 1-year follow-up compared to pre-
operative values. There were no signifi cant differences between 
the two groups in HHS score either before surgery or at 1-year 
follow up (Tab. 3).

No intra-operative or postoperative complications were ob-
served.

Discussion

Short-stemmed femoral implants were designed to achieve 
more proximal and physiological load transfer in the femoral 
metaphysis in order to avoid stress shielding and to preserve me-
taphyseal bone. This is associated with a potentially decreased risk 
of aseptic loosening, periprosthetic fracture and easier revision 
surgery, which was considered the major advantage compared to 
the conventional straight stems (2). Studies examining a strain 
distribution after the implantation of short femoral stems reported 
confl icting results regarding the achievement of selective proximal 
load transfer (17, 18).

Parameter Short-stem 
(n=21)

Conventional stem 
(n=23) p

Age (years) 52.9 (9.4) 55.8 (5.3) NS
BMI (kg/m2) 27.1 (3.8) 28.5 (3.4) NS
Female/male 9/12 10/13 NS
ASA 1/2/3 (n) 5/15/1 4/17/2 NS
Dorr class A/B/C (n) 15/6/0 14/9/0 NS
Values are expressed as the mean, with a standard deviation in parentheses; p deter-
mined with Student´s t-test; NS = not signifi cant

Tab. 1. Patient demographics.

Change in BMD Short-stem 
(n=21)

Standard straight stem 
(n=23) p

ROI 1
3 months ‒7.9 (4.8) ‒7.3 (14.3) NS
6 months ‒6.4 (7.6) ‒9.9 (17.3) NS
12 months ‒2.9 (12.7) ‒16.2 (20.5) 0.031

ROI 2
3 months ‒7.5 (7.3) ‒7.2 (6.6) NS
6 months ‒0.5 (13.5) ‒4.8 (10.4) NS
12 months 4.4 (12.9) ‒4.5 (10.3) 0.049

ROI 3
3 months ‒4.1 (6.6) ‒5.0 (4.7) NS
6 months ‒1.0 (6.8) ‒3.3 (5.2) NS
12 months 5.6 (8.9) ‒2.5 (6.2) 0.003

ROI 4
3 months ‒5.8 (4.6) ‒3.9 (7.5) NS
6 months ‒6.5 (5.9) ‒4.9 (5.4) NS
12 months ‒5.3 (6.1) ‒5.3 (9.6) NS

ROI 5
3 months ‒7.2 (5.8) ‒6.9 (9.4) NS
6 months ‒6.7 (8.0) ‒7.1 (10.3) NS
12 months ‒4.7 (9.8) ‒8.9 (13.2) NS

ROI 6
3 months ‒3.8 (6.3) ‒6.6 (6.9) NS
6 months 1.7 (7.4) ‒6.0 (9.1) NS
12 months 4.3 (10.8) ‒10.1 (9.6) <0.001

ROI 7
3 months ‒11.1 (6.0) ‒13.1 (12.2) NS
6 months ‒10.5 (8.2) ‒15.0 (3.3) 0.012
12 months ‒8.6 (11.9) ‒20.2 (14.5) 0.018

ROI = range of interest; Values are expressed as the mean, with a standard deviation 
in parentheses; p determined with Student´s t-test; NS = not signifi cant

Tab. 2. The mean percentage change in bone mineral density (BMD).

Parameter Short-stem 
(n=21)

Conventional stem 
(n=23) p

HHS preoperative 37.4 (12.5) 35.1 (10.3) NS
HHS 1-year follow up 88.3 (9.5) 86.8 (8.6) NS
Values are expressed as the mean, with a standard deviation in parentheses; p deter-
mined with Student´s t-test; NS = not signifi cant

Tab. 3. Preoperative and postoperative Harris hip score (HHS).
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Periprosthetic BMD changes following the femoral stem im-
plantation detect the presence of implant-specifi c stress shielding. 
The most reliable measure of periprosthetic BMD, with a high de-
gree of accuracy and reproducibility is DEXA with periprosthetic 
BMD changes expressed as the percentage change in comparison 
with immediate postoperative values (5, 6, 8, 19). 

In this study, periprosthetic BMD changes within 1 postop-
erative year were compared between the short stem and the stan-
dard straight stem cohorts. Compared with 1-week postoperative 
assessment, there were differences in BMD changes between the 
groups at the fi nal follow-up in all the ROIs, with the statistical 
signifi cances in ROI 1, 2, 3, 6 and 7. There was a loss of peri-
prosthetic BMD in all the ROIs around the straight stems at each 
point of time. On the other hand, there was a tendency towards 
regaining of BMD in all the ROIs at 1-year follow-up compared 

to the 3-months postoperative assessment with the short stems. 
Less pronounced bone loss was observed around the short stems 
that the straight stems in ROI 1 (‒2.9 % vs ‒16.2 %), 5 (‒4.7 % 
vs ‒8.9 %) and 7 (‒8.6 % vs ‒20 %). It was remarkable that BMD 
exceeded baseline values in the short stem cohort in ROI 2 (+4.4 % 
vs ‒5 %), 3 (+5.6 % vs ‒2.5 %) and 6 (+4.3 % vs ‒10 %). However, 
the implant-specifi c stress shielding altered the proximal loading 
condition for both stems, these fi ndings suggest a more physiologi-
cal load transfer with the short stems versus the straight stems.

Comparing the results of this study with the previously pub-
lished fi ndings is challenging due to methodical differences such 
as the varying location and size of ROIs or different types of im-
plants. We found only 2 studies examining the BMD changes of 
proximal femur after the Metha stem implantation. Lerch et al 
(8) identifi ed an increase of BMD one year after THR in ROI 2 

Fig. 3. Mean percentage change in BMD. ROI = range of interest; Error bars indicate standard deviation; Differences were analyzed with 
Student’s t-test; * p < 0.05.
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(+1 %) and 6 (+8 %) and a signifi cant decrease of BMD in ROI 
1 (‒12 %) and 7 (‒10 %). Brickmann et al (17) identifi ed a maxi-
mal decrease of BMD in upper calcar region (ROI 7; ‒11 %) and 
great trochanteric region (ROI 1; ‒9 %). They found an increased 
BMD only in lower calcar region (ROI 6; +8 %). Similarly, in 
our study, increased BMD was found in ROI 2 (+4.4 %) and 6 
(+4.3 %), moreover also in ROI 3 (+5.6 %), however, a signifi -
cantly smaller reduction in ROI 1 (‒2.9 %) and 7 (‒8.6 %) was 
observed. These results suggest only a small to moderate bone 
loss in the great trochanteric and calcar regions after implanta-
tion of the Metha stems one year postoperatively. None of these 
two studies compared BMD changes around short stems with the 
conventional straight stems as the controls. In other studies, evalu-
ating periprosthetic BMD changes after the conventional straight 
stems (20,21), proximal BMD loss has been quoted as high as 12 
to 30 %, with increasing BMD under the tip of femoral stem (ROI 
4). These fi ndings are comparable with the results of this study. 

We found that 58 % of the conventional stems had a pedestal 
formation, 78 % had a distal cortical hypertrophy and 65 % had a 
bone atrophy in the calcar region. No pedestal formation or distal 
cortical hypertrophy and only a mild bone atrophy occurred in 
10 % of short-stemmed THRs. These fi ndings confi rmed that a 
distal load transfer with typical stress shielding phenomena was 
associated with the conventional stems. On the other hand, an 
absence of a diaphyseal anchoring of the short femoral stem can 
challenge the primary stability required for osseointegration of the 
implant. Several authors pointed out a greater postoperative mi-
gration of short-stemmed femoral prostheses (22, 23, 24). In this 
study cohorts, all the femoral components had radiographically 
stable fi xation, with no migration.

The clinical results of this study showed, that one year after 
THR, HHS score was comparable between the two cohorts, with 
patients achieving a signifi cant improvement. This fi nding is in 
agreement with other studies (8, 17). Adequate long-term results 
are not proven for short femoral stems (2).

The present study has several limitations. One limitation is 
the relative short follow-up. On the other hand, several studies 
indicated that there is an acute phase of bone remodelling within 
fi rst postoperative year, followed by only minimal changes in peri-
prosthetic BMD (8, 9, 10, 25). Another limitation is the different 
implant lengths used in this study, which make a direct compari-
son diffi cult. Furthermore, we also did not analyse the infl uence 
of patients-specifi c parameters (such as age, gender, BMI) on 
periprosthetic BMD changes. 

The strength of this study is its prospective nature with a 
randomization to equal comparison cohorts with similar demo-
graphics. 

In conclusion, THR with the short stem Metha and the con-
ventional straight stem Bicontact showed excellent clinical re-
sults and reliable osseointegration over a short follow-up period. 
The implant-specifi c stress shielding altered the proximal loading 
condition for both stems; however, the results of this study sug-
gest a more physiological strain distribution in proximal femur 
with the short stems versus the straight stems. Furthermore, the 
long-term evaluation is necessary to confi rm the clinical value 

of the preservation of proximal femoral bone stock after the im-
plantation of the short-stemmed femoral prostheses, particularly 
in terms of aseptic loosening and improved conditions for revi-
sion surgery.
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