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Abstract

Background Patients with Parkinson’s disease are at in-
creased risk for falls and associated hip fractures as a result
of tremor, bradykinesia, rigidity, and postural instability.
The available literature is limited and conflicting regarding
the optimal surgical treatment and risk for postoperative

complications and mortality in this unique patient
population.
Questions/purposes We asked: (1) Is there a difference in

mortality after surgical treatment of hip fractures in pa-
tients with Parkinson’s disease compared with similar
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patients with hip fractures without Parkinson’s disease? (2)
Does Parkinson’s disease lead to a higher rate of reop-
eration after operative treatment of femoral neck fractures?
(3) Does Parkinson’s disease lead to a higher rate of dis-
location after hemiarthroplasty for displaced femoral neck
fractures, and (4) does the operative approach affect dis-
location rates?

Methods In this case-controlled study, we retrospectively
reviewed 141 patients with a diagnosis of Parkinson’s
disease and a fracture of the femoral neck. Each patient
with Parkinson’s disease was matched with two control
patients (n = 282) without Parkinson’s disease stratified by
age, sex, American Society of Anesthesiologists classifi-
cation, and fracture type (nondisplaced/displaced). Clinical
outcomes included mortality after surgical intervention,
rate of reoperation, dislocation events after hemiarthro-
plasty, and the rate of failure after internal fixation for
nondisplaced fractures.

Results The median survival time of the patients with
Parkinson’s disease after fracture was 31 months (95% CI,
25-37 months) compared with 45 months (95% CI,
39-50 months) in our control group (p = 0.007). The rate
of reoperation for displaced and nondisplaced fractures was
higher in the Parkinson’s disease group compared with the
control group (11% versus 4%; p = 0.005). Failure of
fixation for patients treated with internal fixation of
nondisplaced femoral neck fractures was significantly
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higher in the Parkinson’s disease group compared with our
control group (22% versus 5%; p = 0.01). Dislocation
rates after hemiarthroplasty were significantly higher in the
Parkinson’s disease group compared with the control group
(8% versus 1%; p = 0.003). Patients treated with a hemi-
arthroplasty through an anterolateral approach had a
significantly lower dislocation rate compared with those

treated with a posterior approach (2% versus 15%;
p = 0.002).
Conclusions Parkinson’s disease is an independent pre-

dictor of mortality after femoral neck fracture and is
associated with an increased rate of dislocation, revision
surgery, and failure of internal fixation. Although patients
with Parkinson’s disease with a nondisplaced or valgus
impacted femoral neck fracture may be treated with in-
ternal fixation, they are at significantly higher risk of
failure of fixation compared with patients without Parkin-
son’s disease. Use of a hemiarthroplasty through an
anterolateral approach may reduce the likelihood of re-
quiring a revision operation.

Level of Evidence Level 111, therapeutic study.

Introduction

Parkinson’s disease is a neurodegenerative disorder of
unknown cause that results in tremor, rigidity, and akinesia
[12]. Its prevalence varies depending on diagnostic criteria
but is estimated to be 1% in people older than 60 years
[17]. Falls are common [39] with literature documenting up
to a ninefold increased risk [4]. In addition, patients with
Parkinson’s disease are at an increased risk for osteoporosis
[28]. Therefore, it is not surprising that these patients have
a four times greater prevalence of hip fractures compared
with a control population [2].

Although the mortality rate after a hip fracture has been
well documented among the general population, less is
known regarding the mortality rate after hip fracture in
patients with Parkinson’s disease. Previous studies have
shown a large variation in the 6-month mortality rate
(14%—47%) in patients with Parkinson’s disease [6, 32,
35]. Although the primary factors associated with the in-
creased mortality rate of patients with Parkinson’s disease
and hip fractures is unknown, it is believed that associated
comorbidities and difficulties with rehabilitation are
responsible.

Current literature is scarce and conflicting regarding
optimal surgical management, revision rate, and compli-
cations after internal fixation or prosthetic replacement of
hip fractures in patients with Parkinson’s disease. Some
authors have noted excessively high dislocation rates in
patients treated with hemiarthroplasty, leading to the con-
clusion that even displaced fractures should be treated with

internal fixation [6, 35]. The question remains whether
Parkinson’s disease is a unique risk factor when treating
femoral neck fractures, particularly in light of advances in
pharmacologic [26, 29] and surgical treatment during the
last two decades.

We asked: (1) Is there a difference in mortality after
surgical treatment of hip fractures in patients with
Parkinson’s disease compared with similar patients with
hip fractures without Parkinson’s disease? (2) Does
Parkinson’s disease lead to a higher rate of reoperation
after operative treatment of femoral neck fractures? (3)
Does Parkinson’s disease lead to a higher rate of disloca-
tion after hemiarthroplasty for displaced femoral neck
fractures, and (4) does the operative approach affect dis-
location rates?

Patients and Methods

We performed a case-controlled, retrospective study at two
tertiary care American College of Surgeons-verified Level
I trauma centers. Patients were identified and data were
collected from a 20-year period from March 1994 to April
2014. Before initiating the study, institutional review board
approval was obtained.

Patients with a diagnosis of Parkinson’s disease and a
proximal femur fracture were obtained through review of
the hospital billing database and medical records
(n = 260). Patients with Parkinson’s disease as determined
by hospital billing were confirmed through our medical
records, ensuring the diagnosis was present before fracture.
Patients were excluded if they met any of the following
criteria: age younger than 60 years, diagnosis of Parkin-
son’s disease initially made after treatment of the hip
fracture, a fracture pattern distal to the femoral neck (ba-
sicervical) region, pathologic fracture, a history of previous
hip surgery, or insufficient patient data for analysis.

A control group of patients at the same hospitals who
had fractures of the femoral neck without a diagnosis of
Parkinson’s disease then were gathered using similar ex-
clusion criteria. These patients were randomly matched two
to one with patients from the Parkinson’s disease group
based on age + 5 years, sex, American Society of Anes-
thesiologists (ASA) classification, and operation
performed. Charts were reviewed and similar data were
collected for comparison. This yielded the final patient
cohort of 141 patients with Parkinson’s disease and 282
patients without Parkinson’s disease.

Radiographs were reviewed and fractures were catego-
rized as displaced or nondisplaced. In our Parkinson’s
group, all patients with nondisplaced fractures were treated
with internal fixation, whereas all displaced fractures were
treated with hemiarthroplasty through a posterior or
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anterolateral approach to the hip. Internal fixation included
closed reduction with cannulated screw fixation and closed
reduction with dynamic hip screw fixation. Surgeries were
performed by a total of 42 different surgeons at the two
institutions where data were collected.

The medical records then were comprehensively re-
viewed and the following data were abstracted: age at
injury, sex, attending surgeon, date of injury, ASA physical
status classification based on anesthesia records, fracture
displacement (displaced or nondisplaced), operation per-
formed, approach used, cement or cementless technique for
patients undergoing hemiarthroplasty, length of hospital-
ization before discharge, postdischarge data including
length of followup, length of stay, evidence of infection (as
defined by positive cultures on aspiration or during
débridement), revision procedures, and dislocation events.
Mortality data were obtained through the medical record
and the Social Security Death Index.

Our primary outcome measure was mortality. Secondary
outcomes included reoperation, dislocation among patients
undergoing hemiarthroplasty, fixation failure among pa-
tients undergoing internal fixation, and postoperative
infection. Fixation failure, nonunions, malunions, avascular
necrosis, and broken hardware were the conditions identi-
fied that required reoperation.

An a priori power analysis revealed that to detect a 15%
difference in 5-year mortality with significance at the 5%
level and a power of 80%, a sample of 336 patients would
be needed. Our final sample size of 363 patients met these
criteria. Data were gathered and stored in Excel 2010
(Microsoft@, Redmond, WA, USA). Statistical analysis
was performed with SPSS (IBM, New York, NY, USA).
Descriptive analyses were performed to compare the de-
mographics (age, sex, ASA) of the members of the study
population with members of the control population. We
used independent t-tests to compare means of continuous
variables, and we used chi-square tests to compare pro-
portions. Mortality after hip fracture was assessed by
calculating the median survival times with 95% ClIs, and
Cox regression analysis was used for comparison between
patients and control subjects. Kaplan-Meier survival ana-
lysis with 95% CI was used to analyze survival after
operative management. A probability less than 0.05 was
considered statistically significant.

Our analysis included 423 patients with femoral neck
fractures between March 24, 1994, and October 11, 2012
(Table 1). One hundred forty-one of these patients had a
diagnosis of Parkinson’s disease, whereas 282 were with-
out the neurodegenerative disorder. The two groups were
similar regarding age, sex, ASA, and fracture type. A
majority of the patients were classified as ASA Grade III in
both groups. One hundred patients (71%) in the Parkin-
son’s group and 200 (71%) in the control group had
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displaced fractures that were treated with hemiarthroplasty.
Of the 100 patients in the Parkinson’s disease group who
were treated with hemiarthroplasty, 63 had an anterolateral
approach and 27 had a posterior approach. Of the 200
patients in the control group who were treated with hemi-
arthroplasty, 193 had an anterolateral approach and seven
had a posterior approach. Forty-one patients in the
Parkinson’s disease group and 82 in the control group had
nondisplaced femoral neck fractures. Thirty-five of the 41
patients in the Parkinson’s disease group and 70 of the 82
in the control group were treated with cannulated screw
fixation, whereas the other six patients in the Parkinson’s
group and 12 in the control group were treated with a
dynamic hip screw.

A total of 141 patients with Parkinson’s disease and
femoral neck fractures met criteria for analysis (Fig. 1). An
attempt was made to contact all patients with less than 1-
year followup to determine if they had a postoperative
complication, reoperation, or other adverse event. Median
followup was 1 year (range, 0-36 months).

Results

Median survival time of the patients with Parkinson’s
disease was 31 months (95% CI, 25-37 months), com-
pared with 45 months (95% CI, 39-50 months) for the
control group. One-year survival was 78% in both groups.
However, the 5-year survival in patients with Parkinson’s
disease was 10% (95% CI, 20%—40%) compared with 30%
(95% CI, 4%-16%) in the control group (Fig. 2). Parkin-
son’s disease was shown to be an independent predictor of
mortality in our age-, sex-, and operation-matched control
group. Predictors of mortality in all patients included
presence of Parkinson’s disease, male sex, length of stay
greater than 7 days, and age older than 80 years (Table 2).

The overall rate of reoperation for patients with
Parkinson’s disease was greater than for patients without
the disease (odds ratio, 3.71; 95% CI, 1.50-9.177,
p = 0.007). Internal fixation (compared with hemiarthro-
plasty) was a risk factor for revision surgery (p = 0.004)
(Table 3). Three-year freedom from revision was 95%
(95% CI, 92%-98%) in our control group versus 85%
(95% CI, 79%-91%; p = 0.014) in the Parkinson’s disease
group (Fig. 3).

Failure of fixation for patients treated with internal
fixation of nondisplaced femoral neck fractures, as defined
by the need for a revision operation, was significantly
higher in the Parkinson’s disease group compared with our
control group (22% versus 5%; p = 0.01). In a subgroup
analysis of all patients treated with cannulated screws,
there was a trend toward a higher rate for failure in patients
with Parkinson’s disease compared with our control group
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Table 1. Demographics of patients with femoral neck fractures with or without Parkinson’s disease

Variable Parkinson’s disease (n = 141 patients) No Parkinson’s disease (n = 282 patients) p value
Age at injury (years) 80 + 7 80 + 7 0.755
Sex 1.000
Male 66 (47%) 132 (47%)
Female 75 (53%) 150 (53%)
ASA Classification 1.000
2 29 (21%) 58 (21%)
3 102 (72%) 204 (72%)
4 10 (7%) 20 (7%)
Institution 0.018*
Massachusetts General Hospital 91 (65%) 148 (53%)
Brigham and Women’s Hospital 50 (35%) 134 (47%)
Time to operating room (days) 1 (1-3) 2 (1-3) 0.022*
Fracture
Displaced 100 (71%) 200 (71%) 1.000
Nondisplaced 41 (29%) 82 (29%) 1.000
Length of stay (days) 6 (5-10) 6 (5-9) 0.218

* Statistically higher among patients with Parkinson’s disease; ASA = American Society of Anethesiologists Physical Status Classification.

Patients with
Parkinson’s Disease
and a Proximal Femur
Fracture
n =260

A 4

* Fractures of Femur other than Femoral Neck (n = 42)
* Uncertain Diagnosis of Parkinson’s Disease (n = 36)

* Pathologic Fractures (n = 29)

* Prior Hip Surgery (n = 12)

Excluded Patients

Final Cohort
n=141

Fig. 1 The flow diagram shows our criteria for patient recruitment. Of 260 patients identified, 141 met the criteria for final analysis.

(6/35 vs. 3/70; p = 0.06). Similarly, when we looked at all
patients treated with dynamic hip screw fixation, there was
a trend toward increased rates of failure in patients with
Parkinson’s disease compared with the control group, but
this did not reach statistical significance (3/6 vs. 1/12;
p = 0.08). There was no significant difference comparing
the failure rate of patients with Parkinson’s disease treated

with cannulated screws and a dynamic hip screw (3/6 vs.
6/35; p = 0.11).

The dislocation rate after hemiarthroplasty for displaced
femoral neck fractures was significantly higher in the
Parkinson’s disease group compared with the control group
(8% versus 1%; p = 0.003). When the data from both
groups were combined, there were more dislocations in
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Fig. 2 The Kaplan-Meier survival curve shows S-year patient
survival with 95% ClIs. Five-year survival was 10% in the control
group compared with 30% in the Parkinson’s disease group
(p < 0.0001).
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Fig. 3 The Kaplan-Meier survival curve shows freedom from
revision at 3 years with 95% CIs. Three-year freedom from revision
was 95% in the control group compared with 85% in the Parkinson’s
disease group (p = 0.014).

Table 2. Significant predictors of mortality based on multivariate logistic regression

Covariate Odds ratio 95% CI Likelihood ratio test p value
Age older than 80 years 1.55 1.03-2.32 4.47 0.035*
Sex, male versus female 1.77 1.18-2.68 7.70 0.006%*
ASA classification NA NA 1.68 0.431
Institution NA NA 0.33 0.567
Infection NA NA 0.01 0.952
Length of stay more than 7 days 2.04 1.31-3.17 10.21 0.001*
Fixation versus hemiarthroplasty NA NA 1.35 0.245
Parkinson’s disease 1.84 1.20-2.84 7.68 0.006*

* Statistically significant independent predictor; Tstepwise backward selection; ASA = American Society of Anesthesiologists; NA = not

applicable.

Table 3. Significant predictors of revision surgery based on multivariate logistic regression

Covariate Odds ratio 95% CI Likelihood ratio test p value
Age older than 80 years NA NA 2.35 0.126
Sex, male versus female NA NA 1.99 0.157
ASA classification NA NA 1.81 0.179
Institution NA NA 0.02 0.883
Length of stay more than 7 days 2.04 1.31-3.17 0.69 0.407
Fixation versus hemiarthroplasty 4.24 1.62-11.0 8.72 0.004*
Parkinson’s disease 3.71 1.50-9.77 7.36 0.007*

* Statistically significant independent predictor; Tstepwise backward selection; ASA = American Society of Anesthesiologists; NA = not

applicable.

patients treated with posterior approaches compared with
anterolateral approaches (14.7% versus 1.9%; p = 0.002).
Of the 100 patients with Parkinson’s disease who under-
went hemiarthroplasty, 63 had an anterolateral approach,
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and of these, four (6%) had a dislocation. The remaining 27
patients with Parkinson’s disease treated with a hemi-
arthroplasty had a posterior approach, and of these, four
(15%) had a dislocation.
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Discussion

As Parkinson’s disease progresses, postural instability in-
creases [7] leading to an increased incidence of falls and
associated hip fractures [2]. Although the disease affects
1% of people older than 65 years [17], data are limited and
conflicting whether Parkinson’s disease is a distinct prog-
nostic factor when treating femoral neck fractures
regarding mortality, rate of reoperation, rate of dislocation,
and failure rate of internal fixation. We found that
Parkinson’s disease is an independent predictor of mor-
tality after operative treatment of femoral neck fractures. In
addition, patients with Parkinson’s disease are at an in-
creased risk for reoperation, dislocation in the case of
hemiarthroplasty, and fixation failure with nondisplaced or
minimally displaced fractures.

We recognize the limitations of this study. First, we
were unable to classify the severity of Parkinson’s disease
in our patients. The Unified Parkinson’s Disease Rating
Scale (UPDRS) is the most commonly used scale in the
clinical study of Parkinson’s disease [22]. Because the
UPDRS is associated with increased mortality [10], clas-
sification of our Parkinson’s disease group would have
allowed us to stratify patients according to the severity of
their disease. Second, we were unable to accurately quan-
tify the number of patients with Parkinson’s disease who
had coexisting dementia. Dementia has been found to occur
in 26% to 89% of patients with Parkinson’s disease [24],
and has a direct effect on mortality [36]. Third, although
we have complete mortality data through use of the Social
Security Death Index, some of our patients had limited
followup regarding reoperation, dislocation, failure of
fixation, and infection (median, 12 months). Although late
mechanical complications after either fracture fixation or
hemiarthroplasty occur, most mechanical failures tend to
occur within the first few months after surgery [20, 34]. We
attempted to contact patients, however, given the geriatric
population of this study, locating many patients was diffi-
cult. The primary outcome of this study is mortality which
was queried form the Social Security Death Index and did
not rely on clinical records. Finally, we did not isolate
specific comorbid medical conditions in our Parkinson’s
disease group or our control group during the matching
process. Instead, we used the ASA classification to provide
an approximation of preoperative medical status. Other
studies have shown a correlation between ASA and post-
operative mortality after hip fracture surgery [3, 8, 16, 31].
However, the ASA does not provide a fine level of detail in
terms of comorbid medical conditions [27, 38]. Although
we agree this is a limitation, the purpose of using the ASA
was only to ensure an approximate equivalency in terms of
preoperative medical status, not to identify specific risk
factors for mortality.

Mortality after hip fractures has been well documented
with 1-year mortality rates varying between 12% and 37%
[13, 19, 23, 37]. Predictors of mortality after hip fracture
include male sex, advanced age, high ASA classification,
postoperative complications, and major medical comor-
bidities including cancer, chronic obstructive pulmonary
disorder, and congestive heart failure [1, 18]. Early studies
suggested that Parkinson’s disease may be an independent
risk factor for mortality after a hip fracture [6, 35].
Coughlin and Templeton [6] reported a 47% mortality rate
at 6 months in their series of 47 patients. It was postulated
that the high mortality rate seen in that series [6] was the
result of a lack of emphasis on early postoperative mobility
[9]. Since that time, the generally accepted postoperative
protocol, pathway, or paradigm has shifted toward early
mobilization after hip fracture surgery [30].

More recent studies with larger patient numbers have
shown conflicting results regarding mortality differences in
patients with Parkinson’s disease [11, 21, 25]. Roche et al.
[25] reviewed 2448 patients with hip fractures, 97 of whom
had Parkinson’s disease, and found that Parkinson’s disease
was not an independent risk factor for 1-year mortality.
Similarly, Penrod et al. [21] reviewed 2692 patients with
hip fractures, 150 of whom had Parkinson’s disease, and
found Parkinson’s disease was not an independent predic-
tor of 6-month mortality. Most recently, Harris-Hayes et al.
[11] reviewed the US Medicare database and were able to
analyze 1,980,401 patients with hip and pelvic fractures,
131,215 of whom had Parkinson’s disease. They found that
the adjusted mortality rate after hip or pelvic fractures in
individuals with Parkinson’s disease was substantially
elevated compared with individuals without the disease.

Our results suggest that Parkinson’s disease is an inde-
pendent predictor of long-term mortality after operative
treatment of hip fractures. Although the 1-year mortality
rate was similar between patients with Parkinson’s disease
and without (22% in both groups), a statistically significant
increase in mortality became apparent beyond 2 years.
While our study does not address the cause of this in-
creased risk of mortality, it appears that patients with a hip
fracture and Parkinson’s disease fare poorly. Willis et al.
[36] retrospectively reviewed 138,000 patients with
Parkinson’s disease to determine predictors of survival and
found a 6-year mortality of 64%. Diem-Zangerl et al. [7]
reviewed 238 patients with Parkinson’s disease and found
similar survival between patients with and without
Parkinson’s disease up to 10 years, with a significant in-
crease in mortality beyond 10 years. In comparison, we
present a S5-year mortality rate of 90% in patients with
Parkinson’s disease and a hip fracture and only 70% in
patients with a hip fracture alone (p < 0.0001). This sug-
gests that patients with Parkinson’s disease and hip
fractures are at additional risk for mortality in the longer

@ Springer



3278  Karadsheh et al.

Clinical Orthopaedics and Related Research®

term that cannot be entirely explained by progression of the
Parkinson’s disease. This increased risk of mortality in
patients with hip fractures and Parkinson’s disease may be
attributable to more severe or advanced Parkinson’s dis-
ease or the presence of other comorbid conditions that
predispose them to a hip fracture in the first place. Re-
gardless of the cause, it appears that patients with a hip
fracture and Parkinson’s disease fare poorly in the mid- to
long-term compared with patients with a hip fracture
without Parkinson’s disease.

Few studies have analyzed the revision rate after op-
erative treatment of hip fractures in patients with
Parkinson’s disease, and no clear consensus has been
reached for optimal surgical management of this unique
patient population. In 1976, Mattson and Louis [15] re-
ported a case of intrapelvic migration of a threaded pin in a
patient with Parkinson’s disease. They attributed this fail-
ure to the rigidity associated with the disease and
recommend prosthetic replacement in the case of fracture.
In 1980, Coughlin and Templeton [6] reported higher rates
of mortality after endoprosthetic replacement compared
with internal fixation, leading them to favor internal fixa-
tion despite the possibilities of nonunion and avascular
necrosis. Later, Londos et al. [14] reviewed 32 displaced
and nondisplaced femoral neck fractures in patients with
Parkinson’s disease treated with internal fixation. Of the 24
displaced femoral neck fractures, six had nonunion and
three had avascular necrosis and segmental collapse. Three
of the patients required a reoperation. Finally, Turcotte
et al. [35] found improved results with internal fixation
compared with hemiarthroplasty in patients with Parkin-
son’s disease, stating that hemiarthroplasty “may even be
contraindicated.” No clear consensus was reached for op-
timal treatment in cases of displaced and nondisplaced
femoral neck fractures, and revision rates after manage-
ment have not been well established.

Our study showed a statistically significant higher rate of
reoperation for patients with Parkinson’s disease and
nondisplaced femoral neck fractures who were treated with
internal fixation (22% versus 5%; p = 0.01). The rate of re-
operation in patients with Parkinson’s disease with displaced
femoral neck fractures was 4% compared with 22% in patients
with Parkinson’s disease with nondisplaced or minimally
displaced fractures. Although these groups had different in-
juries, this finding suggests that consideration should be given
to hemiarthroplasty even in patients with Parkinson’s disease
with minimally displaced femoral neck fractures.

Given the rigidity and cognitive decline associated with
Parkinson’s disease, dislocation, even with hemiarthro-
plasty, remains a concern [33]. Coughlin and Templeton
[6] reported a dislocation rate of 37% in patients with
Parkinson’s disease and hemiarthroplasty for displaced
femoral neck fractures. Other studies have shown
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dislocation rates ranging from 2% to 14% [5, 9, 32, 35].
Our dislocation rate of 8% in patients with Parkinson’s
disease is consistent with these results. We further analyzed
the dislocations by operative approach. In our patients with
Parkinson’s disease, we identified a dislocation rate of 15%
when a posterior approach was used compared with 6%
when an anterolateral approach was used. This suggests
that an anterolateral approach should be strongly consid-
ered when treating this unique patient population with a
hemiarthroplasty.

Our results show that the presence of Parkinson’s dis-
ease is an independent risk factor for long-term mortality
and reoperation after treatment for femoral neck fracture.
Patients with Parkinson’s disease treated with hemiarthro-
plasty have a higher dislocation rate compared with
patients without the disease. A posterior approach appears
to potentiate this risk of dislocation in all patients treated
with hemiarthroplasty. Additionally, internal fixation of
nondisplaced femoral neck fractures was associated with a
significantly higher reoperation rate in patients with
Parkinson’s disease. Given our results, we believe an an-
terolateral approach for hemiarthroplasty should be
strongly considered. Furthermore, even with nondisplaced
or minimally displaced fractures in patients with Parkin-
son’s disease, consideration should be given to
hemiarthroplasty to provide a more durable result with a
lower risk of reoperation. It is now standard of practice at
our institutions to treat all patients with Parkinson’s disease
and nondisplaced femoral neck fractures with a hemi-
arthroplasty through an anterolateral approach.
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