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Abstract
Background This randomized control study was designed to compare the clinical and radiological outcomes, including 
periprosthetic bone mineral density (BMD) changes, between the short and standard stems after using cementless hemiar-
throplasty in elderly patients with femur neck fractures.
Materials and Methods From January 2013 to May 2017, 151 patients (aged ≥ 65 years) underwent hemiarthroplasties due 
to femoral neck fractures. Patients were randomized into two groups; 77 patients in Group A implanting the short femoral 
stem and 74 patients in Group B implanting the standard femoral stem. Clinical and radiographic evaluations were performed 
in all patients.
Results 75 patients (40 patients in Group A and 35 patients in Group B) completed routine follow-up for a minimum of 
2 years. The clinical outcomes, including ambulatory functions and thigh pain, were similar in both groups. All the femoral 
stems acquired radiologic stability. At postoperative one year, BMD values in Gruen zone (G) seven on the standard stem 
side were significantly lower than those on the short stem side (P = 0.038). At the second year of follow-up, the BMD values 
of Group A in G1, G3, G4, and G7 were significantly greater than those of Group B (P = 0.007, 0.032, 0.026, and P < 0.000, 
respectively).
Conclusions Both the clinical outcomes and radiologic stability in both group demonstrated similar results in elderly patients 
with femoral neck fracture at the latest follow-up. In addition, the periprosthetic BMD of the short femoral stems demon-
strated better periprosthetic bone preservation at a minimum of 2 years of follow-up.
Level of Evidences Therapeutic Level II.

Keywords Hemiarthroplasty · Short stem · Elderly · Femoral neck fracture · Periprosthetic bone preservation

Introduction

In elderly patients with femoral neck fracture, arthroplasty 
has been considered the better treatment option than inter-
nal fixation [1]. Although the clinical outcomes of total hip 

arthroplasty (THA) in elderly patients with femoral neck 
fracture were reported to be better than hemiarthroplasty, 
hemiarthroplasty was frequently recommended in cases 
where the patient has a low functional level and/or osteo-
porosis and high rates of postoperative dislocation of total 
hip arthroplasty [2]. Recently, the use of cementless hemiar-
throplasties in elderly patients with femur neck fractures has 
increased [3]. Moreover, the clinical results of cementless 
stem procedures have been reported to be comparable with 
those of cemented stems for femoral neck fracture [4].

The standard cementless femoral stems in hip arthro-
plasty have excellent outcomes, and the survivorship ranges 
from 94 to 100% at up to 20 years’ follow-up. However, the 
disadvantages of cementless femoral stems include proxi-
mal–distal mismatch, non-ideal load transfer, bone loss, 
thigh pain, and periprosthetic fracture.
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To overcome complications of standard femoral stems, 
shorter femoral stems have been increasingly utilized since 
1989 [5, 6]. Theoretically, the short stem could preserve 
more of the native host bone around the prostheses than the 
standard femoral stem. Although there are numerous studies 
comparing the short stem and standard stem in THA [7–9], 
no study has compared the clinical and radiological out-
comes between the standard and shorter stems using cement-
less hemiarthroplasty in elderly patients with femoral neck 
fractures.

Thus, this randomized control study was designed to 
compare the clinical and radiological outcomes, includ-
ing periprosthetic bone mineral density (BMD) changes, 
between the short and standard stems after cementless hemi-
arthroplasty in elderly patients with femur neck fractures. 
We hypothesized that there is no significant difference in 
the clinical outcomes and periprosthetic bone preservation 
between the standard and short femoral stems.

Materials and Methods

The protocol of this prospective and randomized clinical 
study was approved by our institutional review board (IRB 
No. C2013200). Prior to the study, informed consent was 
obtained from all the included patients.

Patients

All patients aged ≥ 65 years who underwent hemiarthroplas-
ties from January 2013 to May 2017 due to femoral neck 
fractures (Garden type [10] III or IV) were considered eli-
gible (Fig. 1).

The exclusion criteria were a history of hip surgery, 
pathologic fracture, and immunologic disorders such as 
rheumatoid arthritis, avascular necrosis of the femur head, 
Legg–Calvé–Perthes disease, and refusal to participate. The 
decision to enroll or exclude patients was made by an inves-
tigator who did not participate in the study.

In this randomized, single-blinded study, randomiza-
tion into one of the two study groups was performed using 
Microsoft Excel (Microsoft, Redmond, Washington) to gen-
erate random numbers. Group allocations were made by a 
statistician, who did not otherwise participate in the study 
and were unknown to the investigators and patients. Infor-
mation on group allocations was added to sealed envelopes. 
One day prior to surgery, the appropriately numbered enve-
lope was opened to reveal the group allocation. The patients 
were divided into two groups as follows: Group A, patients 
who underwent hemiarthroplasty with a cementless short 
stem, and Group B, patients who underwent hemiarthro-
plasty with a cementless standard stem.

During the postoperative hospital admission period, all 
patients without end-stage renal disease in both groups 
received 5 mg of zoledronate (Aclasta; Novartis, Basel, 
Switzerland) intravenously annually and calcium and vita-
min D supplements orally.

Surgical Procedure

All operations were performed using the posterolateral 
approach by a single experienced hip surgeon. The cement-
less femoral stem was inserted in a press-fit manner. The 
multimodal pain control cocktail injection was performed 
around the capsule. The posterior capsule and the short 
external rotators were tightly repaired using three drill holes 
in the trochanteric crest as described by Ji et al. [11]. The 
same postoperative protocol was used in both groups and 
consisted of immediate weight bearing with physiotherapy 
and mobilization.

Two different types of cementless femoral stems were 
used. In Group A, a Bencox M stem  (Corentec®, Cheonan-
si, South Korea) was used as a shorter femoral stem that 
has a proximal Ti-plasma spray microporous coating and a 
reduced size (length 95–119 mm). In this stem, the thin ante-
rior–posterior width minimizes the amount of distal canal 
to be removed. The lateral part of the stem tip is removed to 
reduce the contact with the lateral cortical bone. In Group 
B, a Bencox ID stem  (Corentec®, Cheonan-si, South Korea) 
was used as a standard femoral stem, which is a proximal 
Ti-plasma spray porous-coated standard metaphyseal fixa-
tion stem (length 137–177 mm). This stem has a patented 
trapezoidal neck design to allow wide angulation and protect 
impingement and dislocation, and the shaft of the stem has 
rectangular cross-sectional and longitudinal grooves that 
function to resist rotational motion.

Clinical Outcome Assessments

Clinical evaluation was performed using Koval’s categories 
[12] for the activity level and reviewing the thigh pain at 
each follow-up. The activity levels were defined as follows: 
level I, independent community ambulator; level II, com-
munity ambulator with cane; level III, community ambula-
tor with walker/crutches; level IV, independent household 
ambulator; level V, household ambulator with cane; level 
VI, household ambulator with walker/crutches; and level 
VII, nonfunctional ambulator [12]. Thigh pain was defined 
as pain perception in the anterior thigh below the inguinal 
area [13]. At each follow-up visit, the existence of thigh pain 
was evaluated and recorded, and the postoperative 6-week 
thigh pain score was set as the baseline value. Routine fol-
low-up visits were scheduled at postoperative 6 weeks, 3, 6, 
9, and 12 months, and every year thereafter. Patients who 
did not return for regular scheduled visits were contacted 
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by telephone, and they were asked to send recent follow-up 
radiographs. Two nurses and one private locator identified 
the nonresponders and visited them.

Radiological Outcomes Assessments

Radiographic evaluation was performed by two orthopedic 
surgeons who did not participate in the index operation. A 
picture archiving and communication system (PACS; Maro 
View; Marotech, Seoul, Korea) was used.

Six-week anteroposterior and lateral radiographs of the 
pelvis were used for the baseline radiographic evaluation. 
Radiographic evaluation included an assessment of the ini-
tial fixation status, stability of the stem on follow-up, sub-
sidence of the femoral stem, osteolysis and cortical porosis 
around the femoral stem, stress shielding grade, leg-length 
discrepancy, and heterotopic ossification. The grades of the 
initial fixation were classified according to Callaghan et al. 
[14, 15]. The stability of the femoral stem was evaluated 
by the method given by Engh et al. [16]. Subsidence of the 

Fig. 1  The CONSORT (Consolidated Standards of Reporting Trials) diagram of the study
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femoral stem was defined as a change in the distance from 
the superolateral edge at the shoulder of the stem to the tip 
of the greater trochanter on the anteroposterior radiograph of 
the hip [17]; subsidence over 3 mm was defined as positive. 
Osteolytic lesions caused by stress shielding were defined 
by the criteria of Engh et al. [18], and the stress shielding 
grades were classified into four groups at the final follow-
up as outlined previously by Engh et al. [19]; a classifica-
tion of > grade 2 was determined to have clinical signifi-
cance. Lesions were recorded according to the seven zones 
described by Gruen et al. [20]. Evidence of spot welding, 
pedestal formation, and reactive lines in each Gruen zone 
was also documented. Spot welds were defined as bone den-
sification and trabecular streaming between the cortex and 
the implant [21]. Cortical porosis was considered as bone 
loss associated with normal aging, and was defined as a loss 
of endosteal definition and a decrease in bone mineralization 
resulting in a homogeneous but somewhat sparse (washed-
out) appearance of the remaining cortex [22].To evaluate 
leg-length discrepancy, the distance between the intertear-
drop line and the lower margin of the lesser trochanter was 
measured on each leg. A difference > 2 cm was defined as 
a failure of leg-length equalization [23]. Heterotopic ossi-
fication was classified according to the system of Brooker 
et al. [24].

BMD Assessment

BMD was measured using dual-energy X-ray absorptiom-
etry (DXA; Lunar Prodigy advance devices, GE Healthcare, 
Madison, WI, USA) on the admission day or before surgery 
and at the 12-month and 24-month postoperative follow-
up. Patients were positioned supine with knee and foot sup-
port to ensure a neutral femur position. The Orthopaedic 
Software Package (GE Healthcare) was used to measure the 
BMD preoperatively in the femoral neck, and postopera-
tively in the seven Gruen zones [20].

Statistical Analysis

The sample size for the prospective study was based on an 
existing comparable study. The difference between the pre-
operative and postoperative outcome measures was analyzed 
using the Wilcoxon signed rank test or paired t test for con-
tinuous outcome measures, and Chi-square test or Fisher’s 
exact test for categorical outcome measures. The t test or 
Mann–Whitney U test was used for the comparison of inde-
pendent variables between the two groups.

For analysis, the patients’ activity levels according to 
Koval’s categories were dichotomized into ambulatory out-
doors (Koval’s categories of 1, 2, and 3) and housebound 
(Koval’s categories of 4, 5, 6, and 7).

The Statistical Package for Social Sciences (SPSS; ver-
sion 22.0; SPSS Inc., Chicago, IL, USA) program was used 
for all analyses, and significance was defined as a P value 
of < 0.05. The distribution of variables is given as the mean 
and standard deviation (SD).

Results

Patients

We performed a prospective analysis of 151 hips (147 
patients) with fracture of the femoral neck treated with bipo-
lar hemiarthroplasty via either a short stem or a standard 
stem. In total, 77 hips (Group A) underwent bipolar hemiar-
throplasties with short stems, and 74 hips (group B) under-
went bipolar hemiarthroplasties with standard stems. During 
the study period, eight hips (5.3%) were lost to follow-up, 
five hips (3.3%) were excluded due to refusal to participate 
in the study, and 26 hips (17.2%) were excluded due to death 
of the patient within 1 year. In addition, 14 hips (9.3%) 
were lost to follow-up, 13 hips (8.6%) were excluded due to 
refusal to participate, and 10 hips (6.6%) were excluded due 
to death of the patient within the subsequent 1 year (Fig. 1).

The mean age at the time of the operation was 
81.2 ± 5.6 years in Group A and 80.8 ± 6.4 years in group 
B. The mean follow-up period was 24.7 ± 16.5 months in 
Group A and 22.0 ± 3.1 months in group B. Most patients in 
both groups were assessed as ASA grade III (62 patients in 
group A, 69 patients in group B), and there was no signifi-
cant between-group difference (P = 0.752). Every included 
patient underwent BMD preoperatively, and there was no 
statistically significant difference between groups. Further-
more, there was no significant difference between groups in 
terms of the demographic data (Table 1).

Clinical Outcomes

Among the total 151 patients, 75 patients were available 
for follow-up over the 2 years, and 36 patients (23.9%) died 
during the follow-up period.

There was no significant difference in terms of ambula-
tory functions according to Koval’s categories between the 
two groups in the preoperative period, and at the 1st- and 
2nd-year follow-ups. However, in both groups, the walking 
abilities became significantly worse than the preoperative 
walking abilities (Table 2, Fig. 2).

With regard to thigh pain, 23/77 (29.9%) patients in 
Group A and 18/74 (24.3%) patients in Group B had thigh 
pain at the postoperative 6th week; this decreased to 2/38 
(5.0%) patients and 2/33 (5.7%) patients at the latest follow-
up. However, there were no differences between the groups 
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Table 1  Demographic data

SD standard deviation, BMD bone mineral density

Variable Group A Group B P value

No. of patients 77 74
Age (year) (mean ± SD) 81.2 ± 5.6 80.8 ± 6.4 0.645
Sex (M/F) 18/59 17/57 N/A
Height (cm) (mean ± SD) 156.6 ± 7.4 157.9 ± 8.7 0.318
Weight (kg) (mean ± SD) 55.4 ± 9.0 54.8 ± 9.2 0.663
Body mass index (kg/m2) (mean ± SD) 22.7 ± 3.7 22.0 ± 3.1 0.209
Surgical side (right/Left) 37/40 38/36 0.746
Mean f/u period (months) 24.8 ± 16.5 26.7 ± 20.7 0.520
Preoperative ambulation status Koval’s catego-

ries (1/2/3/4/5/6/7)
41/15/2/5/12/2/0 43/8/5/4/8/6/0 0.277

ASA grade (II/III/IV) 7/62/8 5/59/10 0.752
Radiological findings
 Garden type (3/ 4) 13/63 16/58 0.751
 Dorr type (A/B/C) 1/73/3 3/64/7 0.209

Preoperative BMD
 L-spine BMD (L1–4) (mean ± SD) 0.90 ± 0.19 0.86 ± 0.20 0.907
 Femur neck BMD (mean ± SD) 0.61 ± 0.10 0.59 ± 0.12 0.394
 Femur Total BMD (mean ± SD) 0.66 ± 0.12 0.64 ± 0.16 0.420

Osteoporosis (T-score ≤ -2.5) 54 (76.1%) 58 (84.1%) 0.292

Table 2  Ambulatory functions according to dichotomized Koval’s categories (ambulatory outdoors: 1, 2, 3; ambulatory housebound: 4, 5, 6, 7)

a Comparison at each follow-up between the two groups
b Comparison with previous year in each group
c Comparison between the preoperative period and the 2nd year-follow-up in each group

Follow-up period Group Ambulatory outdoors Ambulatory 
housebound

P  valuea P  valueb P  valuec

Preoperative period (n = 151) Group A 58 (75.3%) 19 (26.7%) N/A
Group B 56 (76.7%) 18 (24.3%)

1st year-follow-up (n = 112) Group A 37 (63.8%) 21 (36.2%) 0.548 0.018
Group B 38 (70.4%) 16 (29.6%) 0.133

2nd year-follow-up (n = 75) Group A 27 (67.5%) 13 (32.5%) N/A 0.323 0.183
Group B 24 (68.6%) 11 (31.4%) 0.160 0.032

Fig. 2  Graph showing dichoto-
mized walking ability according 
to Koval’s categories during the 
follow-up (the thick black lines 
and asterisks represent statisti-
cally significant differences)
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in terms of the prevalence of thigh pain at each follow-up 
(P = 0.469, 1.000, and 1.000, respectively) (Table 3).

Radiologic Outcomes

All the femoral stems in both groups had radiographic evi-
dence of bone ingrowth at the time of the last follow-up. 
Although axial subsidence, stem stability, leg length dis-
crepancy, and periprosthetic osteolysis were not significantly 
different between the two groups at the latest follow-up, cor-
tical porosis was more common in Group B at the 1st- and 
2nd-year follow-ups (P = 0.034 and 0.010, respectively) 
(Table 4).

BMD Assessment of Periprosthetic Femoral Bone 
Using the Seven Gruen Zones

The mean BMD values and standard deviations (g/cm2) in 
each of the Gruen zones are summarized in Table 3. At the 
1st postoperative year, the BMD values in Gruen zone (G) 
seven on the standard stem side were significantly lower 
than those on the short stem side (P = 0.038). Moreover, at 

the 2nd-year follow-up, the BMD values in G1, G3, G4, and 
G7 were significantly greater on the short stem side than 
the standard stem side (P = 0.007, 0.032, 0.026, and < 0.000, 
respectively). During the follow-up, although the peripros-
thetic BMDs of the short femoral stem were shown to main-
taining trends, those of the standard femoral stems demon-
strated a decreasing trend when comparing 1- and 2-year 
periprosthetic BMD (Table 5, Figs. 3, 4, and 5).

Complications

Dislocation occurred in two patients (one from each group) 
within 3 months postoperatively; both cases were treated 
with closed reduction and abduction bracing for 3 months, 
and there was no recurrence of dislocation until the latest 
follow-up. There were also two periprosthetic fractures 
(Vancouver type B1) in each group; they were treated by 
open reduction and internal fixation with a plate. In Group 
B, one hip had a thromboembolic episode and was success-
fully treated with antithrombotic drugs. No aseptic loosen-
ing, infection, or heterotrophic ossification were observed in 
either groups at the latest follow-up.

Table 3  Thigh pain at the 1st 
year and 2nd year-follow-up

a Comparison at each follow-up between the two groups
b Comparison with the previous year in each group

Follow-up period Group Without pain With pain P  valuea P  valueb

Postoperative 6th week Group A (n = 77) 54 (70.1%) 23 (29.9%) 0.469
Group B (n = 74) 56 (75.7%) 18 (24.3%)

1st year-follow-up Group A (n = 58) 54 (93.1%) 4 (6.9%) 1.000 0.002
Group B (n = 54) 51 (94.4%) 3 (5.6%) 0.013

2nd year-follow-up Group A (n = 40) 38 (95.0%) 2 (5.0%) 1.000 1.000
Group B (n = 35) 33 (94.3%) 2 (5.7%) 1.000

Table 4  Radiologic assessment at each follow-up year

a Comparison between the two groups at the 1st year-follow-up
b Comparison between the two groups at the 2nd year-follow-up
c Comparison in group A between the 1st and 2nd year-follow-up
d Comparison in group B between the 1st and 2nd year-follow-up

Parameters 1st follow-up year (n = 112) 2nd follow-up year (n = 75) P  valuea P  valueb P  valuec P  valued

Group A (n = 58) Group B (n = 54) Group A (n = 40) Group B (n = 35)

Axial subsidence (mm) 0.2 ± 0.6 0.3 ± 0.6 0.0 ± 0.2 0.0 ± 0.3 0.394 0.986 0.180 0.109
Periprosthetic osteolytic 

lesion (Yes/No)
8/50 9/45 3/37 6/29 0.794 0.289 N/A 0.711

 Gruen zone 1 7 6 3 4
 Gruen zone 7 3 5 1 5

Cortical porosis (yes/no) 10/48 19/35 6/34 15/20 0.034 0.010 0.660 0.183
Leg length discrepancy 

(mm)
1.2 ± 5.0 2.1 ± 5.0 1.8 ± 2.1 2.8 ± 7.9 0.075 0.104 0.317 0.317

Stem stability All bony stability during follow-up periods
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Discussion

To the best of our knowledge, this is the first study to com-
pare the use of the short and standard stems in bipolar hemi-
arthroplasty for elderly fractured patients. This prospective 
randomized control study demonstrates that cementless 
bipolar hemiarthroplasty using short and standard stems 
improves clinical outcomes comparably and leads to the 
acquisition of radiologic stability at the latest follow-up. 
However, the BMD values in G1, G3, G4, and G7 were 
significantly greater on the short stem side than on the 
standard stem side (P = 0.007, 0.042, 0.026, and < 0.000, 
respectively).

Previous comparison studies between short and standard 
cementless stems in patients with total hip arthroplasty have 
reported better clinical outcomes, including those regard-
ing thigh pain and preservation of proximal periprosthetic 
cortical bones [6, 25, 26]. Yu et al. [6] preformed a compari-
son study in patients aged ≥ 70 years with total hip arthro-
plasty comprising 55 hips with a short femoral cement-
less stem and 58 hips with a standard femoral cementless 
stem. They reported that although the Harris hip score and 
radiologic fixation were not significantly different between 
the two groups, the short stem showed less thigh pain and 
intra-operative femoral fracture rate at a mean follow-up of 
40 months [6]. A prospective randomized control study in 
patients undergoing cementless total hip arthroplasty was 
performed to determine the stability of short femoral stem 
in 20 patients compared to that of a standard femoral stem 
in 18 patients. The authors reported that the stability of the 
short stem was better than that of the standard stem, and 
that the dynamically inducible micromotion, rate of com-
plications, and functional outcome were not significantly 
different between the two groups at a minimum of 2 years 
of follow-up [26].

These findings are in agreement with those of the current 
study in that similar clinical outcomes and radiologic stabili-
ties were observed in both groups at the minimum 2-year 
follow-up. However, it is difficult to directly compare the 
current study with previous studies given the use of different 
surgical indications, such as femoral neck fracture, type of 
surgery, and different patient demographics. Nevertheless, 
the clinical outcomes and the radiologic stabilities are simi-
lar to those observed in previous comparison studies.

Currently, femoral implant designs for THA are known 
to influence periprosthetic BMD; however, evidence for a 
change in periprosthetic BMD remains controversial. Yan 
et al. performed a meta-analysis using seven studies involv-
ing 910 patients and five short femoral stem designs. The 
authors reported no significant differences in the percentage 
of BMD changes in all Gruen zones, and short stems with 
lateral flare revealed a moderate- to low-quality evidence 
for superiority over the standard THA [27]. According to a 
recent update, a systematic review and meta-analysis using 
12 randomized controlled trials comparing the short stem 
to the standard cementless stem demonstrated that the short 
stem resulted in less BMD changes in G7 at 1 and 2 years 
postoperatively [mean difference (MD) = 5.11; 95% CI 1.61, 
8.61; P = 0.30; and MD = 4.90; 95% CI 1.01, 8.79; P = 0.17, 
respectively] [28]. In this study, the BMD values in G7 on 
the standard stem side were significantly lower than those on 
the short stem side at postoperative 1 year (P = 0.038). These 
differences in periprosthetic BMD progressed in G1, G3, 
and G4, and were more prominent in G7 at the 2-year fol-
low-up (P = 0.007, 0.042, 0.026, and < 0.000, respectively). 
In addition, when comparing the outcomes at the 1- and 
2-year follow-up assessments, the periprosthetic BMDs of 
the standard femoral stems demonstrated a decreasing trend, 
and those of the short femoral stems were maintained. Our 
findings indicate that stem designs are important factors that 

Table 5  Bone mineral density (BMD) in each zone at 1st and 2nd years of follow-up (g/cm2)

G Gruen zone
a Comparision of BMD between the two groups at the 1st year-follow-up
b Comparision of BMD between the two groups at the 2nd year-follow-up
c Comparision in group A between the BMD at the 1st and 2nd year-follow-up
d Comparision in group B between the BMD at the 1st and 2nd year-follow-up

Zone 1st year-follow-up (n = 112) 2nd year-follow-up (n = 75) P  valuea P  valueb P  valuec P  valued

Group A (n = 58) Group B (n = 54) Group A (n = 40) Group B (n = 35)

G1 0.55 ± 0.17 0.52 ± 0.18 0.57 ± 0.16 0.42 ± 0.12 0.369 0.007 0.675 0.063
G2 1.45 ± 0.23 1.40 ± 0.34 1.42 ± 0.24 1.17 ± 0.29 0.610 0.096 0.701 0.064
G3 1.78 ± 0.22 1.68 ± 0.30 1.75 ± 0.24 1.49 ± 0.30 0.163 0.032 0.080 0.052
G4 1.74 ± 0.20 1.70 ± 0.30 1.52 ± 0.19 1.28 ± 0.27 0.211 0.026 0.328 0.045
G5 1.74 ± 0.20 1.71 ± 0.30 1.66 ± 0.25 1.53 ± 0.28 0.723 0.341 0.386 0.057
G6 1.45 ± 0.27 1.49 ± 0.29 1.51 ± 0.17 1.35 ± 0.32 0.465 0.084 0.507 0.099
G7 1.14 ± 0.34 0.95 ± 0.32 1.27 ± 0.29 0.75 ± 0.23 0.038 0.000 0.067 0.041
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influence the periprosthetic BMD of the femoral stems [29]. 
Although the fixation method and alloy also influence load 
transfer to the surrounding bone, changes to the peripros-
thetic BMD in the short stem areas showed better bone pres-
ervation in this study.

This study has several limitations. First, many patients 
were lost to follow-up or refused to participate in this study; 
among the 151 hips, 22 (14.6%) were lost to follow-up. 
Although we tried to follow-up these patients, many had 
relocated or were otherwise unreachable. Although 18 hips 
of participants who initially agreed to participate were 
examined, several participants did not present for regular 
follow-up appointments, including radiographic exami-
nations and repeat BMD measurements. Second, we also 
observed a high rate of mortality (36/151 hips (23.9%)) 

at 2 years postoperatively. However, most patients in both 
groups were assessed as ASA grade III (62 patients in 
group A, 69 patients in group B). According to Nkanang 
et al. [30], increased age is associated with an increased 
risk of perioperative mortality for patients who are ASA 
grade 3 and above. Therefore, older age and the presence of 
severe comorbidities might be related to the high mortality 
observed in this study. Third, although we tried to assess 
the cause of death in 36 patients who died during the study 
period, we were often unable to confirm the cause or date 
of death for patients who died at other hospitals or at their 
homes. Fourth, in terms of comparing the changes in BMD 
from the preoperative period to the postoperative assess-
ment, the BMD of the opposite side femoral neck was used 
as the preoperative BMD; this was in line with the methods 

Fig. 3  a At the 1st year, in 
Gruen zone 7, the BMD of 
Group A was statistically better. 
b At the 2nd year, in Gruen 
zones 1, 3, 4, and 7, the statisti-
cal differences had become 
apparent
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Fig. 4  a Preoperative X-ray of 
an 80-year-old woman (Group 
A; short stem group). b Imme-
diate postoperative image after 
hemiarthroplasty with Bencox 
M stem (Corentec®, South 
Korea). c, d Follow-up X-ray 
and Dual-energy X-ray absorpti-
ometry images at postoperative 
1st and 2nd years

Fig. 5  a Preoperative X-ray of 
an 82-year-old woman (Group 
B; standard stem group). b 
Immediate postoperative image 
after hemiarthroplasty with 
Bencox ID stem (Corentec®, 
South Korea). c, d Follow-up 
X-ray and Dual-energy X-ray 
absorptiometry images at post-
operative 1st and 2nd years
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used in previous studies [31, 32]. Finally, the comparison 
of the short and standard stems for cementless hemiarthro-
plasty in elderly patients with femur neck fracture has not yet 
been studied. Our results were compared with the outcomes 
in patients who underwent total hip arthroplasty; thus, the 
results of this direct comparison have a potential limitation 
in terms of generalization.

Conclusions

In conclusion, the clinical outcomes and radiologic stabil-
ity of the short stem in cementless bipolar hemiarthroplasty 
are similar to that of the standard femoral stem in elderly 
patients with femoral neck fracture at the latest follow-up. In 
addition, the periprosthetic BMD of the short femoral stems 
is better in G1, G3, G4, and G7 at a minimum of 2 years of 
follow-up.
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