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Abstract
Background The purpose of this retrospective cohort study
was to investigate the cementing effects on intraoperative
blood pressure and the clinical and radiographic outcomes in
elderly patients with femoral-neck fracture undergoing bipolar
hemiarthroplasty using a polished, tapered stem.
Methods This retrospective cohort study included 38 patients
with acute displaced femoral-neck fractures (mean age,
76.2 years; mean follow-up, 21.4months (68% follow-up rate)).
Results Intraoperative systolic blood pressure decreased sig-
nificantly, both during cementing (109.1 mmHg) and after
stem insertion (101.6 mmHg), compared with the level before
rasping (122.2 mmHg; p=0.0036 and p=0.0001, respective-
ly). Diastolic blood pressure decreased significantly after stem
insertion (57.9 mmHg versus 67.3 mmHg before rasping; p=
0.003). Hypoxia did not occur. Nineteen patients were
Donaldson’s grade 1, 16 were grade 2, and none were grade
3. Twenty-three patients (74 %) maintained their preoperative
activity level; 15 (26 %) worsened after surgery. Stem subsi-
dence significantly increased over time: 0.32 mm at 6 months,
0.53 mm at 1 year, 0.91 mm at 2 years, 1.08 mm at 3 years,
and 1.13 mm at 4 years.
Conclusions Cemented bipolar hemiarthroplasty for
displaced femoral-neck fracture in elderly patients leads to

hypotension, unchanged arterial oxygen saturation, favorable
clinical outcomes, and acceptable stem subsidence.
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Abbreviations
SaO2 Arterial oxygen saturation
SBP Systolic blood pressure
ANOVA Analysis of variance
SPSS Statistical Package for the Social Sciences
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Introduction

There has been a drastic increase in the number of Japanese
patients with hip fracture over the course of the last decade,
from 36 000 in 1998 to 68 000 in 2008 [1]. Hemiarthroplasty
has a better functional outcome and fewer complications than
internal fixation for the treatment of displaced femoral-neck
fractures in elderly patients [2–4]. There are many different
prostheses available for hemiarthroplasty, but the optimal
technique remains controversial [4]. For example, it is unclear
whether cemented or uncemented implants are preferable in
this patient population. Several clinical trials and systematic
reviews have indicated favorable clinical outcomes with
cemented implants: reduced hip pain, faster recovery from
disability, and shorter hospital stays [4–7]. Taylor et al. [6]
reported that cemented hemiarthroplasty has a significantly
lower rate of implant-related complications, in both the intra-
operative and postoperative periods.

However, because of concerns about the physiological effect
of cement on the cardiopulmonary system [8, 9], the difficulty
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ofmodern cementing techniques and the extended surgical time
involved with cemented implants, uncemented bipolar
hemiarthroplasty is likely to be selected in some trauma centers
in Japan. Little is known about changes in blood pressure in-
duced by the cement during bipolar hemiarthroplasty; previous
studies have reported both hypotension and hypertension dur-
ing cementing arthroplasty [10–13]. Furthermore, there have
been few reports on radiographic follow-up assessment of
cemented bipolar hemiarthroplasty.

The purpose of this study was to clarify the clinical out-
comes, the radiographic outcomes, and the cementing effects
on intraoperative blood pressure associated with cemented
bipolar hemiarthroplasty in elderly patients with displaced
femoral-neck fractures.

Patients and methods

The inclusion criteria of this study were patients with acute
displaced femoral-neck fractures (Garden stage III or IV)
treated between April 2008 and January 2013. A total of 64
pat ien ts (64 h ips ) underwent cemented b ipola r
hemiarthroplasty using a polished, tapered stem via a lateral
approach at a single institution. We excluded six patients who
required a different implant and two who required a different
surgical technique. Other exclusion criteria included a previ-
ous fracture of the same hip, a pathological fracture, or a high
risk of perioperative mortality as assessed by the anesthesiol-
ogist and operating physician (no patients were excluded
based on these criteria). A total of 18 patients were excluded
for not having more than 3 months of documented follow-up.

As a general rule, patients were treated with cemented bipo-
lar hemiarthroplasty using a polished, tapered stem: the Exeter
stem and Centrax head (Stryker Howmedica Osteonics,
Mahwah, New Jersey); the Hardinge approach was employed
with the patient in the lateral decubitus position. Orthopedic
residents performed all surgery supervised by the senior author,
a hip specialist. After rasping the canal, the stem was inserted
with canal-filling (tight-fit) implantation [14–16]. The third-
generation cementing technique was applied, using 80 g of Sur-
gical Simplex P bone cement (Stryker Howmedica Osteonics,
Mahwah, New Jersey) mixed with 2 g of cephazolin immedi-
ately before cementing. One gram of prophylactic cephazolin
was administered preoperatively, followed by another dose at 3
and 6 h postoperatively. For prevention of deep venous throm-
boembolism, patients were encouraged to mobilize with full
weight bearing, as tolerated, on postoperative day 1.

The clinical outcome was defined as the activity change
from the preoperative level to the postoperative level and
was classified into four grades based on walking ability: grade
1, able to use public transportation; grade 2, able to ambulate
around the immediate neighborhood; grade 3, able to be active
only indoors; grade 4, bedridden [17].

Noninvasive blood pressure measurements were taken from
reviewing the anesthetic charts every 5 min during surgery in
order to determine changes in intraoperative blood pressure and
arterial oxygen saturation (SaO2) before rasping, during
cementing and after stem insertion. These charts have these
particular time points marked on them routinely. All the surger-
ies were performed under general anesthesia. The Donaldson
grade was used to evaluate for bone cement implantation syn-
drome [18]: grade 1, moderate hypoxia (SaO2 <94 %) or hy-
potension (decrease in systolic blood pressure (SBP) >20 %);
grade 2, severe hypoxia (SaO2 <88 %) or hypotension (de-
crease in SBP >40 %) or unexpected loss of consciousness;
grade 3, cardiovascular collapse requiring cardiopulmonary re-
suscitation. Peri- and postoperative complications such as in-
fection, dislocation, and fracture were assessed.

Radiographic examination was performed to investigate
cementing grade, stem subsidence, and stem loosening (radio-
lucent lines and osteolysis) by the first author. The cementing
grade was determined at 1 week using Mulroy and Harris’
classification [19] on an anteroposterior radiograph of the pel-
vis. Stem subsidence around the stem-cement interface was
assessed by measuring the vertical dimension of radiolucency,
in a craniolateral direction, to the shoulder of the stem in zone 1
[20], as described by Fowler et al. [21]. If this was impossible
for technical reasons, such as when the shoulder of the stem
projected above the most proximal area of cement, subsidence
was assessed using the change in the distance between the tip of
the stem and the inferior pole of the centraliser, comparing the
immediate postoperative and most recent radiographs [22].
Stem subsidence was evaluated at 6 months, 1 year, 2 years,
3 years, and 4 years postoperatively. Radiolucent lines were
defined as linear radiolucencies adjacent to a sclerotic line, as
described by Kobayashi et al. [23, 24]. We used the definition
of osteolysis set forth by Schmalzried et al. [23–25].

Statistical analysis

The Tukey-Kramer test was used to evaluate changes in intra-
operative blood pressure and SaO2, from before rasping to
during cementing and after stem insertion. Changes in stem
subsidence were compared at 6 months, 1 year, 2 years,
3 years, and 4 years postoperatively using analysis of variance
(ANOVA) with the Bonferroni correction. A p value of <0.05
was considered to be significant. All calculations were made
using Statistical Package for the Social Sciences (SPSS), ver-
sion 16.0 J (SPSS Inc., Chicago, IL).

Results

A total of 38 patients (6 men and 32 women) with 38 involved
hips were followed for over 3 months after surgery. The mean
age at surgery was 76.2 years (range, 57 to 89 years), and the
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mean follow-up period was 21.4 months (range, 3 to
57 months). Sixty-eight percent of patient completed the
3 months of follow-up required for study inclusion.

The preoperative activity level was grade 1 in 9 patients,
grade 2 in 21 patients, and grade 3 in 8 patients; no patients
were classified as grade 4. The postoperative activity level
was grade 1 in 4 patients, grade 2 in 16 patients, and grade 3
in 18 patients; no patients were classified as grade 4. A total of
23 patients (74 %) maintained their preoperative clinical ac-
tivity level, but 15 patients (26 %) worsened after surgery.

One or more previous histories were noted in in 30 of 38
patients (79 %) as follows: hypertension in 22 patients (58 %),
diabetes mellitus in 13 (34 %), respiratory disorder in 6 (16 %),
arrhythmia in 5 (13 %), brain infarction in 4 (11 %), and heart
failure in 1 (3 %). One or more medications were prescribed
preoperatively in 30 of 38 patients (79 %) as follows: hypoten-
sive drugs in 19 patients (50 %), anticoagulant drugs in 12
(32 %), antidiabetic drugs in 10 (26 %), diuretics in 6 (16 %),
antihyperlipidemic drugs in 3 (8 %), coronary dilators in 2
(5 %), and antiarrhythmic drug in 1 (3 %). The modus of the
anesthesia was anesthesiologist’s preference. General anesthe-
sia with inhalation and intravenous anesthesia in 34 patients
(90 %), general anesthesia with inhalation and epidural anes-
thesia in 2 patients (5 %), and lumbar spinal anesthesia in 2
patients (5 %). Mean fraction of inspiratory oxygen was 0.43
(range; 0.28 to 0.71). Mean intraoperative fluid intake was
1375 ml (range; 600 to 2500 ml), consisting of extracellular
fluid (lactate Ringer solution) in 86.5 %, electrolytic solution
in 6.5%, hydroxyethyl starch in 6.4%, and blood transfusion in
0.6 %. Mean intraoperative urine volume was 318 ml (range;
70 to 900 ml), and blood loss was 175 g (range; 50 to 709 g)
within 113 min (range; 80 to 211 min) of mean surgical time.
Thus, in-out balance was not dehydrated in all patients. Nor-
epinephrine was administered 9 of 38 patients (24 %) during
cementing. As for 33 patients who decreased systolic blood
pressure, 8 patients (24 %) received norepinephrine.

Intraoperative SBP decreased significantly during cementing,
compared with the value before rasping (109.1 versus
122.2 mmHg; p=0.0036; Fig. 1). The intraoperative SBP also
decreased significantly after stem insertion, compared with the
value before rasping (101.6 versus 122.2 mmHg; p=0.0001).
Intraoperative SBP increased in 5 patients, decreased between 0
and 20 % in 13 patients, decreased between 20 and 40 % in 19
patients, and decreased more than 40 % in 1 patient. No patients
experienced cardiovascular collapse. Intraoperative diastolic
blood pressure decreased significantly after stem insertion, com-
pared with the value before rasping (57.9 versus 67.3mmHg; p=
0.003). However, all patients maintained steady intraoperative
SaO2 throughout the operation with mean values of 98 % before
rasping, 98 % at stem insertion, and 98 % after stem insertion
without significant differences. Hypoxia, defined as SaO2 <94%,
did not occur. Donaldson’s grade was grade 1 in 19 patients
(50 %), grade 2 in one patient (3 %), and grade 3 in none (0 %).

Perioperative complications occurred in two patients
with diabetes mellitus (5 %) who had concurrent infection
and dislocation. Both patients were treated with implant
removal and Girdlestone procedure. Both patients were
excluded at the time of implant removal. No patients ex-
perienced perioperative fracture.

On radiographic examination, the cementing grade was
A in 31 patients and B in 7 patients. Stem subsidence
increased significantly over time: 0.32 mm at 6 months,
0.53 mm at 1 year, 0.91 mm at 2 years, 1.08 mm at 3 years,
and 1.13 mm at 4 years (Fig. 2). There were no relation-
ships between stem subsidence and pain because all pa-
tients did not have pain after hemiarthroplasty. Stem subsi-
dence at 1 year tended to be greater in a more active
patient without significant difference (grade 1 in
0.94 mm, grade 2 in 0.60 mm, and grade 3 in 0.48 mm).

Fig. 1 Intraoperative blood pressure before rasping, during cementing
and after stem insertion. Intraoperative systolic and diastolic blood
pressure decreased, both during cementing and after stem insertion,
compared with their levels before rasping. The black dots represent
systolic blood pressure and the white dots represent diastolic blood
pressure. *p<0.05, Tukey-Kramer test

Fig. 2 Change in stem subsidence. Number of patients in 6 months,
1 year, 2 years, 3 years, and 4 years were 28, 23, 14, 10, and 6,
respectively. Stem subsidence gradually progressed for 4 years but did
not extend beyond 2mm. *p<0.005, analysis of variance with Bonferroni
correction
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Stem loosening including radiolucent line and osteolysis
was not observed.

Discussion

Most of our patients experienced hypotension as a cementing
effect during bipolar hemiarthroplasty. Interestingly, 5 patients
(13 %) demonstrated hypertension that continued during
cementing. Clark et al. [10] reported a fall in stroke volume
and cardiac output during the cementation component of
hemiarthroplasty for displaced femoral-neck fractures but not
during reaming or prosthesis insertion. In a canine-model study,
the insertion of cement and prosthesis was followed by severe
hypotension, elevated pulmonary artery pressure, decreased
systemic vascular resistance, and a 21 % reduction in cardiac
output [12]. However, another human study measured arterial
blood pressure during total hip arthroplasty and documented
slight hypertension in both cemented and uncemented groups
at the time of both medullary reaming and insertion of cement
and stem, compared with the baseline value [11]. Nolan et al.
[13] reported a 20 % increase in mean arterial pressure after
insertion of the femoral components in cemented total hip
arthroplasty. Our study supports these previous findings.

In the present study, intraoperative SaO2 remained un-
changed before rasping, during cementing and after stem in-
sertion. López-Durán et al. [11] showed similar values for
SaO2; however, their results revealed that partial pressure of
oxygen (PaO2) decreased by 17 mmHg from baseline during
cementation. Nolan et al. [13] also reported a decrease in mean
PaO2 of 16%.While SaO2 is a noninvasive measurement, it is
not precise for measuring hypoxia. This means that we might
not have detected slight changes in blood oxygen saturation;
however, none of our patients experienced SaO2 of <94 %,
and Donaldson’s grade was acceptable in all patients.

Stem subsidence increased significantly over time, and
stem loosening was not observed at 4 years of follow-up.
Carrington et al. [26] reported that the mean subsidence of
the Exeter stem at a mean of 15.7 years postoperatively is
1.82 mm. In another study from the same institution, 89 %
of patients demonstrated stem subsidence less than 2 mm at a
mean of 8.9 years of follow-up [22]. In the present study, all
subsidence was within 2 mm. Thus, we believe that our
cementing technique is valid. Generally, the thickness of the
cement mantle depends on the surgeon’s preference of tech-
nique, such as the complete cement mantle technique [27–29]
or the line-to-line technique (also known as canal filling or
tight-fit technique) [14, 30–32]. We prefer the latter because
of its potential advantages: ease of removing mechanically
weak cancellous bone, ease of obtaining a neutral stem posi-
tion [15, 32], ease of obtaining initial stability of the stem [14,
31, 33], and the ability to apply a higher intramedullary ce-
ment pressure during stem insertion.

In bipolar hemiarthroplasty for displaced femoral-neck
fractures in elderly patients, the evidence suggests that both
traditional and modern cemented prostheses provide more fa-
vorable clinical outcomes than do uncemented implants [4, 5,
7]. Cemented hemiarthroplasty has a significantly lower rate
of intraoperative and postoperative implant-related complica-
tions [6]. This is an advantage since a loose prosthesis can
cause pain, delay patient mobility, and require further surgery
[34]. Moreover, the UK national analysis of matched patients
indicates that midterm revision and perioperative chest infec-
tion rates are significantly lower with cemented prostheses.
This suggests that cemented hemiarthroplasty is the current
gold standard for the treatment of displaced femoral-neck frac-
tures in elderly patients [35]. In the present study, 74 % of
patients maintained their preoperative clinical activity level.

There are several limitations to this study. First, we did not
evaluate blood pressure before surgery, comparing only indi-
rect values taken during the three phases of cementing in order
to document the cementing effect. Real-time monitoring of
direct blood pressure with arterial line would be more reliable.
Second, we did not evaluate PaO2. Ideally, hypoxia should be
monitored using PaO2, but this is an invasive procedure so we
deferred to the anesthesiologist’s preference of SaO2 as well as
blood pressure and did not observe any catastrophic events.
Third, it is true that our patient population was inhomoge-
neous due to retrospective nature. Intraoperative blood pres-
sure and perioperative complication could be influenced by
past history of hypertension, arteriosclerosis obliterans, the
other medication, or physical status by the American Society
of Anaesthesiologists’s classification. Forth, we did not vali-
date the measurement of stem subsidence. The measurement
may have included some error, although it was a simple and
widely accepted method. Fifth, this is a case series of patients
who received cemented implants. It is true that stem subsi-
dence were actually small but getting increase. This implies
characteristics of cemented stem. But, only 6 patients com-
pleted 4 years follow-up. Further study is needed to directly
compare cemented and uncemented hemiarthroplasty.

In conclusion, cemented bipolar hemiarthroplasty for
displaced femoral-neck fractures in elderly patients leads to
hypotension but no significant hypoxia. Stem subsidence is
acceptable, and the clinical outcomes are favorable.
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