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The outcome of total hip arthroplasty (THA) for failed internal fixation after femoral neck fracture (FNF) versus
that for acute displaced femoral neck fracture is still controversial. This study retrospectively analyzed a consec-
utive series of 130 THAs for acute displaced FNF (64, group I) and for failed internal fixation (66, group II). Results
showed THAs in group II were more technically demanding procedures with longer operative time and larger
amounts of drainage compared to that in group I. Furthermore, multivariate analysis revealed that the associa-
tions between THAs (group II) and hip complications were notable (OR = 4.15, P = 0.017). These increased
risks should be paid much attention to, not only for choosing the appropriate treatment option, but also for pro-
viding effective perioperative care.

© 2015 Elsevier Inc. All rights reserved.

With population growth and aging, femoral neck fracture (FNF), ac-
counting for nearly half of all hip fractureswith themajority occurring in
elderly patients after simple falls [1], continues to increase in numbers
and significance [2–4]. The annual estimatedworldwide direct and indi-
rect costs of hip fractures are expected to rise to $131 billion by 2050
from the estimated $34.8 billion in 1990 [2]. Among the main three sur-
gical strategies including internal fixation (IF), hemiarthroplasty (HA)
and total hip arthroplasty (THA) for FNF, THA could be effective in
pain relief and provide superior and more durable function in a subset
of patients with displaced FNF when compared to HA or uncomplicated
osteosynthesis [5]. Accumulating of high quality evidence demonstrates
that THAhas a larger role in the treatment of displaced FNF than it has in
the past, resulting in less short-term complications and/or better long-
term implant survival [6–14]. Furthermore, currently available data
[15–17] support the use of THA as amore cost-effective treatment strat-
egy in this specific population, despite relatively higher costs at the ini-
tial admission or early follow-up compared to IF or HA. The increased
upfront cost appears to be offset by the improved functional results.

However, in spite of high failure rate for IF, the method is still recom-
mended for this specific cohort by some authors. It is claimed that pre-
serving the natural femoral head will obtain better hip function than
replacing itwith an artificial one. It is also argued that, even if the IF failed,

salvage THA could also yield good results comparable to primary THA
[18–20]. On the contrary, previous studies have also found THA following
failed IF after FNF led to increased risk of early complication, inferior hip
function and higher revision rate [21–23].Whether salvage THA for failed
IF—as compared to primary THA obtains similar results is amatter of vig-
orous debate.Moreover, we are unaware of any studies focusing on com-
parison of perioperative outcomes including operative difficulties and
complications between primary and salvage THA for FNF. The main pur-
pose of our study therefore, is to assess the immediate results of salvage
THAs following failed IF after FNF, compared with primary THAs for el-
derly patients with displaced FNF by retrospectively analyzing the pro-
spectively collected data of joint arthroplasty cohort from our institution.

We hypothesized that salvage THA for failed IF would be a more
technically demanding procedure with prolonged operative times, larg-
er amounts of intra-operative blood loss and post-operative drainage
and higher proportion of transfusion, and also be at increased risk of de-
veloping complications during perioperative period compared to pri-
mary THA for acute displaced FNF.

Patients and Methods

Study Design and Subjects

With the approval of ethics committee of our institution, we con-
ducted a retrospective cohort study employing joint arthroplasty data
from the 2009 to 2014. These datawere prospectively collected in a spe-
cial database, Administrative System of Orthopedic Medical Records
(Joint Arthroplasty), which was created and maintained by a team of
assigned staff members since 2009. Patients once admitted to our
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Department of Joint Surgery were all registered into this database. The
register contains patient demographics, surgery-related information,
prosthesis information and records of clinical and radiographic assess-
ment during perioperative period.

In present study, potentially eligible patientswhounderwent prima-
ry THA for FNF were indentified with algorithms using procedure and
diagnosis codes (ICD-10) in the database from 2009 to 2014. Patients
aged 60 or over were included for further selection. Of the consecutive
series of 174 initially screened THAs, there were 70 THAs due to FNF,
68 THAs due to failed internal fixation (group II), 33 patients due to se-
quelae of FNF with conservative treatment and another three patients
with unavailable data. Acute FNFwas defined as a fracture treatedwith-
in 3 weeks of occurrence. Only patients with acute displaced FNF (Gar-
den III, Garden IV) [24] were included into the primary group (group I).
Patients diagnosedwith sequelae after FNF,without an earlier operation
for the fracturewere excluded. Patients were also excluded for infection
after internal fixation or incomplete data. Finally, a total of 64 patients
were included in group I meanwhile 66 in group II.

Unilateral THAwas performed for each patient. Two in group II devel-
oped deep infection after IF following FNF and these patients underwent
a two-stage THA (the first operation was performed for hardware re-
moval, thorough debridement and implantation of temporary prosthesis
composed of acrylic cement impregnatedwith antibiotic, and the second
was performed for prosthesis implantation after some time of infection
healing) and thus were not included into group II.

Operative Details

Five senior surgeons who had carried out more than 200 joint
arthroplasties annually performed the THAs in a modern operating
room with ultra-clean air filtration and vertical laminar air flow. The pa-
tientswere in the lateral decubitus position, under general anesthesia (al-
most all, 125/130). Operations were carried out using a posterolateral
surgical approach with implants produced by Depuy or Stryker Orthope-
dics Company. The choice of using either a cemented or an uncemented
component depended upon the quality of bone stock and femoral canal
anatomy. All patients received perioperative antibiotics, standard postop-
erative anticoagulation, closed suction wound drainage (removed on the
first postoperative day), ice bags upon wounds (intermittently within
24 hours after operation) and pneumatic compression with foot pumps.
The standard rehabilitation program consisting of weight bearing as tol-
erated with walking aid started the day after surgery for 2 weeks.

Information of Interest

Information on patient age at the index surgery, gender, weight,
height, preoperative comorbid conditions (defined by the Deyo index
[25], adapted Charlson comorbidity index [26]), reasons for IF failure,
type of internal fixation, prosthesis type, prosthesis fixation method,
and femoral head size was extracted from records in the database. The
primary outcomes of interest contain length of stay (LOS, including pre-
operative LOS, postoperative LOS), operative time, blood loss, transfu-
sion volume, perioperative complications including general
medical complications (postoperative nausea and vomiting (PONV),
gastroenteric stress ulcer, deep venous thrombosis (DVT), pulmonary
embolism (PE), acute coronary syndrome (ACS), respiratory tract infec-
tions, pneumonia, urinary retention, urinary tract infection, acute renal
failure, paralytic ileus) and hip complications (hematoma, fat liquefac-
tion of incision, peripheral nerve injury, infection (wound infection
and periprosthetic infection), dislocation, periprosthetic fracture).

Statistical Analysis

Statistical analysis was performed by two investigators using SPSS
(version 16.0, Chicago, Illinois, USA). Continuous variables were de-
scribed with mean and standard deviation, or median and range while
categorical variables with frequencies and percentage. Normal

distribution and homogeneity of variance was examined using the Kol-
mogorov–Smirnov test and the Levene's test respectively for quantita-
tive variables. Categorical variables were compared between the two
groups by using chi-square test (or Fisher exact tests where appropri-
ate) while continuous variables were compared by using t tests for
two independent samples or analysis of variance (ANOVA) for multiple
groups. Multiple comparisons were conducted following ANOVA by
using the LSD’s (least significant difference) post hoc tests. Significant
difference was considered present with a two-side P value less than
0.05.

Univariate and multivariate logistic regression analysis was used to
determine the effect of patient-based factors such as age, gender, BMI,
comorbidity, surgery type (salvage VS primary) on the development of
overall perioperative complications as well as general medical complica-
tions or hip complications. Patients’ agewas categorized as sixty to sixty-
nine years of age, seventy to seventy-nine years of age, or eighty years of
age and older. Since all patients were Chinese, body weight index (BMI)
was categorized as b24 and ≥24 kg/m2 based on epidemiological survey
of Chinese BMI [27]. The threshold value distinguishing different body
weight statuses in China is distinct with Western Europe and North
America. Patients’ Deyo index (modified Charlson comorbidity index
scores) ranged from 0 to 4, but this was dichotomized into presence or
absence of comorbidities due to skewed frequency distribution with a
low median and few high scores. The five independent variables afore-
mentioned were all entered into the final multivariate model.

Both perioperative antibiotic prophylaxis and surgical approach
were not included in the model as all patients in this consecutive series
received prophylactic antibiotics and moreover, were operated using
the same traditional surgical approach, posterolateral approach. The
Hosmer–Lemeshow goodness-of-fit test was used to assess the fitness
of the logistic regression model. Significant independent predictors
were determined to be those that maintained P value of b0.05 with
the odds ratio (OR) or 95% confidence interval (CI) exclusive of 1.0.

Result

Of the total 130 THAs, 128 patients were implanted with a
cementless THA, one with a cemented THA, and one with a hybrid
THA. Ten cups were additionally fixated with screws.

There were 38 (59.4%) of 64 primary THA patients implanted with
ceramic-on-ceramic (C/C) bearings, 15 (23.4%) of 64 with ceramic-on-
polyethylene (C/P) bearings, 6 (9.4%) of 64 with metal-on-metal (M/M)
bearings, 2 (3.1%) of 66 with metal-on-polyethylene (M/P) bearings,
and 3 (4.7%) of 66with ceramic-on-metal (C/M) bearings. Comparatively,
40 (60.6%) of 66 salvage THA patients were implanted with C/C bearings,
18 (27.3%) of 66 with C/P bearings, 4 (6.1%) of 66 with M/M bearings, 1
(1.5%) of 66 with M/P bearings, and 3 (4.5%) of 66 with C/M bearings.

The THAs in group I were performed with a head size of 28 mm
(n= 8), 32mm (n= 25), and 36mmor greater (n= 33) respectively,
while those in group II were 28 mm (n = 10), 32 mm (n = 31), and
36 mm or greater (n = 23). The differences of fixation methods, bear-
ings types and head size between group I and group II were all not
statistically significant.

Of the 64 THAs in group I, 61were performed due to simple falls and
the other three were due to high energy trauma. In group II, 49 patients
were initially treatedwith 2 or 3 cannulated screws, 6with dynamic hip
screws, 3 with Kirschner wires and the remaining were treated with
other internal fixation (unknown in details) and there were 34 of the
patients with retained hardware at the index surgery. The reasons ne-
cessitating patients to undergo THA in group II were as follows: 50
cases suffered from osteonecrosis of femoral head, 9 cases suffered
from nonunion, 4 cases suffered from posttraumatic arthritis, and 3
cases suffered from aseptic loosening of fixation devices. The time
from first symptoms after IF to salvage THA was 2 years (median) and
ranged from 1 month to 30 years.
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