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SUM MA RY
Back gro und. The opti mal sur gi cal ma na ge ment of di spla ced fe mo ral neck frac tu res in the el der ly re ma ins

con tro ver sial. Tre at ment al ter na ti ves in c lu de ar th ro pla sty and in ter nal fi xa tion. Options for ar th ro pla sty in c lu -

de to tal hip ar th ro pla sty and he miar th ro pla sty, whe re as options for in ter nal fi xa tion in c lu de mul ti ple screws and

sli ding hip screws. We so ught to com pa re ar th ro pla sty and in ter nal fi xa tion al ter na ti ves and de ter mi ne the key

fac tors in flu en cing fi nal out co mes using a cli ni cal de ci sion ana ly sis. 

Ma te rial and me thods. We con struc ted a de ci sion ana ly tic mo del re pre sen ting po ten tial out co mes after ar -

th ro pla sty and in ter nal fi xa tion al ter na ti ves. Pro ba bi li ties of events fol lo wing each pro ce du re we re sys te ma ti -

cal ly de ri ved from a li te ra tu re re view. Re la ti ve out co me pre fe ren ces we re es ti ma ted using he alth uti li ty qu -

estion na ires with sur ge ons and lay per sons. Sen si ti vi ty ana ly ses de ter mi ned thre shold va lu es that wo uld al ter

the pre fer red de ci sion.

Re sults. In the ar th ro pla sty com pa ri son, pa tients tre ated with to tal hip ar th ro pla sty achie ved hi gher expec ted

uti li ty va lu es than pa tients tre ated with he miar th ro pla sty (0.80 ver sus 0.74). In the in ter nal fi xa tion ana ly sis, sli -

ding hip screw fi xa tion yiel ded hi gher expec ted uti li ty va lu es than mul ti ple screws (0.76 ver sus 0.73). Ove rall, to -

tal hip ar th ro pla sty achie ved hi gher expec ted uti li ty va lu es than either ap pro ach to in ter nal fi xa tion. The su pe rio ri -

ty of ar th ro pla sty over in ter nal fi xa tion was ma in ta ined over a wi de ran ge of pro ba bi li ties and uti li ties.

Conc lu sions. When out co mes and the ir va lu es are con si de red in a sys te ma tic man ner, ar th ro pla sty re sults

in bet ter pa tient out co mes when com pa red to in ter nal fi xa tion in the ma na ge ment of di spla ced hip frac tu res in

the el der ly. 
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BACKGROUND
Although the surgical treatment of displaced fe -

moral neck fractures in the elderly has been well stu -

died, optimal management remains controversial [1,

2]. Treatment alternatives include arthroplasty and

internal fixation. Options for arthroplasty include

total hip arthroplasty (THA) and hemiarthroplasty

(HA); options for internal fixation include multiple

screws (MS) and sliding hip screw (SHS) fixation. In

comparison with internal fixation, arthroplasty re -

duces the risk of revision surgery at the cost of greater

infection rates, blood loss, operative time, and possi-

bly mortality [1].

A randomized clinical trial (RCT) provides the

highest level of evidence for the effectiveness of 

a clinical intervention [3]. In the comparison of mul-

tiple surgical techniques and procedures, however,

RCTs may be time-consuming and difficult to plan

and execute. Although a number of RCTs and meta-

analyses of arthroplasty and internal fixation have

been performed, none have directly compared spe-

cific alternatives for each procedure. Decision analy-

sis is a quantitative method that uses estimates of the

likelihood of events (probabilities) and relative out-

come preferences (health utilities) together with a De -

cision Tree to model a given problem and help deter-

mine the best course of action [4,5]. In the absence of

valid evidence from an RCT, decision analytic mod-

els may be useful in deciding the best management of

an individual patient [3]. Decision analysis allows

the incorporation of available literature with physi-

cian and patient preferences for the differing charac-

teristics and outcomes related to each procedure. We

therefore sought to compare arthroplasty and internal

fixation alternatives of displaced femoral neck frac-

tures and determine key factors influencing final out-

comes using a clinical decision analysis. 

MATERIAL AND METHODS
Our model considered the dilemma of the optimal

surgical management for an elderly (70-99 years)

patient with a displaced femoral neck fracture

(Garden III/IV) and no major medical comorbidities

eligible for either prosthetic replacement or internal

fixation. We examined the relative outcomes with

arthro plasty (THA versus HA) and internal fixation

(MS versus SHS). 

Event Probabilities

We conducted a systematic search to identify ba -

seline probability estimates for each chance node. 

A Medline search was performed to identify the high-

est level of evidence from primarily randomized con-

trol trials (or meta-analyses of randomized trials)

related to arthroplasty and internal fixation of dis-

placed femoral neck fractures. Reports were review -

ed and selected for inclusion if their primary focus

was the management of uncomplicated displaced

femoral neck fractures. Reports of patients with other

major medical comorbidities were excluded.

Outcomes such as reoperation and the presence of

major complications were recorded for each patient.

Any reports that defined outcomes for the same

patients were excluded. Each report meeting the

inclusion criteria was subsequently reviewed to

determine the characteristics of the study population.

Outcomes such as reoperation and the presence of

major complications were recorded for each patient.

A major complication was defined as a complication

that is life threatening, requires major intervention,

or is associated with important long-term sequelae

(Table 1) [4]. As there was no study with no reported

outcomes under investigation, we pooled the propor-

tions, weighted by sample size, to estimate the base-

line risk of each event [6].

Decision Model 

A decision tree depicting each of the possible sur-

gical options and outcomes following a displaced

femoral neck fracture was created using TreeAge Pro

(TreeAge Software, Inc., Williamstown, MA)

(Figure 1). The root node, where the initial decision

is made, allows hypothetical patients and surgeons to

choose between arthroplasty and internal fixation.

Aleem I.S., Arthroplasty versus Internal Fixation of Femoral Neck Fractures

Ta b. 1. Sum ma ry of ma jor com pli ca tions fol lo wing sur gi cal re pa ir of hip frac tu re [1,2,18,19,35]
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Patients and surgeons in the arthroplasty branch then

decide between THA and HA; those in the internal

fixation branch decide between MS and SHS fixa-

tion. The remaining branch points, with the excep-

tion of the right-most points, called end (or terminal)

nodes, are referred to as chance nodes; at chance

nodes events occur with a specified probability, but

are not chosen. The first chance node is related to the

presence or absence of a major complication. If 

a major complication was attained, the next chance

node refers to the need for reoperation by either

arthroplasty or internal fixation. 

Preferences and Health Utility 

We developed a questionnaire to assess percep-

tions about health utilities of a series of outcomes

following arthroplasty or internal fixation. A utility is

a measure of relative preference or desirability for 

a given outcome, and is expressed as a value between

0 and 1.0, where 0 represents death and 1.0 repre-

sents perfect health [7]. All questions were related to

an elderly patient with an uncomplicated displaced

femoral neck fracture felt to be suitable for either

arthroplasty or internal fixation. 

Interviews were conducted with 43 persons, in -

cluding 26 orthopaedic surgeons and 17 elderly lay

persons (> 70 years old) who were deemed at risk

for, but had not suffered, a hip fracture. Respondents

were selected randomly and asked to rank each path-

way depicted in the decision tree on a scale from 0

(death) to 100 (perfect health) representing their un -

derstanding of quality of life if faced with the clini-

cal scenario depicted. A perfect procedure was one in

which there were no major complications or reoper-

ation. Values were then converted to a standard utili-

ty between 0 and 1.0 to be used in the decision tree. 

Data Analysis

We calculated expected values for each patient

treated for hip fracture using a standard fold back

approach in which the utility of each pathway is

weighted by its respective probability and summed

across all treatment pathways [8]. By "folding back

the tree," the model expresses its conclusion in terms

of a mean expected value which represents the pro -

bability-weighted average of each procedure [9]. The

preferred clinical strategy can then be inferred from

the decision branch that has the largest expected

value [10]. Expected values using health utilities

from surgeons and hypothetical patients were com-

pared using paired t-tests. 

The probabilities of major complications, reoper-

ation, and utility values were then represented as

variables in the decision tree to allow for sensitivity

analyses. One-way sensitivity analyses were performed

for each probability and expected utility over a range

of clinically pertinent values while all other proba-

bilities and utilities were held constant; thus the
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Fig. 1. Decision tree outlining management outcomes after a displaced femoral neck fracture.  Squares represent decision nodes,

and circles represent chance nodes.  Probabilities, derived from the literature, are shown directly under the branch they represent.

Hashmarks represent the remaining probability at that respective branch.  Each end node has been assigned a number represent-

ing a health utility, shown in Table 3
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threshold probabilities that alter the final preferred

decision were determined. Threshold values repre-

sent the boundaries of the variables that indicate

when one clinical strategy is more beneficial than

another [10]. Two-way sensitivity analyses were then

undertaken over clinically pertinent values (as de rived

from the literature). 

RESULTS

Decision Tree

The complete decision tree, together with proba-

bilities and utilities, is shown in Figure 1. 

Event Probabilities 

A total of 24 published scientific reports were se -

lected to estimate the baseline probabilities: 20 re ports

focused on arthroplasty with 11 THA reports [2, 11-20]

(n= 527) and 14 HA reports [11, 15, 18-29] (n= 919); 19

reports focused on internal fixation with 15 MS reports

[2, 12, 14, 16, 17, 19, 21-24, 26-30] (n= 964) and 4 SHS

reports [15, 31-33] (n= 391). Baseline probabilities and

ranges for each probability are listed in Table 2. 

Utilities

Table 3 presents utility values from surgeons and

hypothetical patients, with ranges and standard devi-

Aleem I.S., Arthroplasty versus Internal Fixation of Femoral Neck Fractures

Tab. 2. Probability estimates, ranges, and references used in decision tree

Tab. 3. Estimated utilities, standard deviations (SD), and ranges used in decision tree
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ations as estimated from the health utility question-

naires.

Decision Analysis

After the initial decision analysis using health uti -

lities from surgeons was complete, final values fa -

vored arthroplasty with an expected value of 0.80

(THA 0.80; HA 0.74) compared with 0.76 for inter-

nal fixation (MS 0.73; SHS 0.76). Results using

health utilities from hypothetical patients were simi-

lar, with an expected value of 0.80 for arthroplasty

(THA 0.80; HA 0.78) and 0.77 for internal fixation

(MS 0.74; SHS 0.77). When health utilities incorpo-

rated values from surgeons and hypothetical patients,

final values favored arthroplasty with an expected

value of 0.80 (THA 0.80; HA 0.74) compared with

0.76 for internal fixation (MS 0.73; SHS 0.76). No

significant difference was found between utility val-

ues from surgeons and hypothetical patients (p>0.1).

These values are depicted in Figure 2. 

Sensitivity Analyses

One-way sensitivity analyses showed that chang-

ing the probability of reoperation had little impact in

altering the preferred decision to favor HA over THA

or MS over SHS; reoperation did, however, play 

a role in an overall comparison of arthroplasty to in -

ternal fixation. The most significant factors in alter-

ing the preferred decision were the rates of major

complications and health utilities (Table 4). Two-

way sensitivity analysis on rates of morbidity for

arthroplasty and internal fixation showed that even if

rates of morbidity after arthroplasty were relatively

high, arthroplasty is still favored over internal fixa-

tion over a notably wide range of values (Figure 3).

The effects of varying health utilities showed similar

findings (Figure 4).

DISCUSSION
Decision analysis favored arthroplasty over inter-

nal fixation in the treatment of displaced femoral neck

fractures over a wide range of clinically plausible sce-

narios. Although arthroplasty may be associat ed with

greater complication rates and perioperative morbidity,

decreased reoperation rates and greater health utility

make it preferable to internal fixation. These findings

were consistent across health utilities from both sur-

geons and hypothetical patients.

Sensitivity analyses demonstrated that in order

for internal fixation to be favored over arthroplasty,

either the probability of morbidity and reoperation

would have to be significantly higher for arthroplas-

ty, significantly lower for internal fixation, or a com-

bination of both. Morbidity rates are the most impor-

tant variable in determining the procedure of choice,

followed by utilities and rates of reoperation.

Decision Analysis 

Decision analysis is most usefully applied in clin-

ical decisions where there is uncertainty regarding
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Fig. 2. Final expected values after decision analysis using health utilities for surgeons (n=26), hypothetical patients (n=17), and

both surgeons and hypothetical patients (n=43).  No significant difference between values from surgeons and hypothetical patients

was found (p>0.1)
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appropriate clinical strategy and when a meaningful

tradeoff of advantages and disadvantages is present

in the clinical problem [5]. Surgical options, which

tend to involve concrete treatment options and rela-

tively discrete outcomes, are aptly suited for decision

analysis [10]. Sensitivity analysis allows options to

be analyzed in the face of uncertainty, allowing deci-

sion analysts to examine what the effects of variabil-

ity on risks, benefits, and values have on expected

cli nical outcomes [9]. Decision analysis has been ap -

plied to a number of clinical scenarios including the

management of ventricular septal defects [4], screen-

ing for prostate cancer [34], and the treatment of

early osteoarthritis of the wrist [3]. Furthermore, de -

cision analytic studies may be valuable in their abil-

ity to guide clinical policy in a group of patients with

a given condition, thus guiding strategies for the care

of populations [3]. 

Aleem I.S., Arthroplasty versus Internal Fixation of Femoral Neck Fractures

Fig. 3. Two-way sensitivity analysis on rates of morbidity for internal fixation and arthroplasty.  The boundary displays threshold

values for each variable

Tab. 4. Difference in baseline values required to alter the preferred decision
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Strengths and Limitations of the Investigation

Decision analysis is a tool that allows users to

apply evidence-based medicine to make informed

clinical decisions. Like any other study design, how-

ever, decision analysis does not guarantee a correct

answer; its validity and application depends entirely

on the specific clinical scenario, the availability of

data, and the strength and inclusion criteria of the

selected literature. When interpreting a decision ana -

lysis, surgeons must look at how closely their partic-

ular clinical situation resembles that of the analysis,

the strength and reliability of the estimated probabil-

ities and utilities, as well as the results of the sensi-

tivity analyses. It is possible that in some settings the

probabilities of events differ from those that were

incorporated in this model. 

The present study shows an application of deci-

sion analysis to the treatment of hip fractures. It

should be noted that the rates of complications and

reoperation vary significantly depending on the pros-

thesis and technique used, as well as the morphology

of the hip fracture and expected end results.

Additionally, published evidence is often inaccurate,

and important variables are highly varied. For exam-

ple, quality of bone in patients with hip fractures was

not available from the randomized trials that were re -

viewed. It is possible that management decisions

may change for patients based on bone quality. To

account for this, however, we undertook sensitivity

analyses over a broad range of clinically pertinent

values to determine the threshold probabilities that

would alter the preferred decision. For simplicity, the

present model does not consider the incidence or impact

of minor complications or comorbidities on cli nical out-

comes. This includes post-operative events that are not

immediately life threatening, self-limited, resolved with

minimal intervention, and associated with no residual

sequlae [4]. Finally, the technique of reoperation in

terms of arthroplasty or internal fixation was not taken

into consideration. It is possible that these factors may

have altered expected clinical outcomes. 

To avoid potential confusion and possible psy-

chological distress induced by the health utility sur-

vey, respondents in our study were not patients with

hip fractures. Consequently, we included a sample of

elderly persons at risk for hip fractures and asked

respondents to consider questions as realistically as

possible. It is possible, however, that responses do

not accurately reflect the responses of patients with

hip fracture, and that patients with hip fractures may

have an inherent preference for one procedure over

another. We also did not take into consideration sur-

geon seniority, and it is possible that health prefer-

ences from senior surgeons may differ from those of

more junior surgeons.

CONCLUSION
In summary, our model suggests that when out-

comes and their values are taken into account in 

a systematic manner, arthroplasty results in better pa -

tient outcomes when compared to internal fixation in

the management of displaced hip fractures over 

Aleem I.S., Arthroplasty versus Internal Fixation of Femoral Neck Fractures

Fig. 4 Two -way sen si ti vi ty ana ly sis on he alth uti li ties for in ter nal fi xa tion and ar th ro pla sty. The bo un da ry di splays thre shold 

va lu es for each va ria ble
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a wide range of clinically plausible scenarios. The

most important influencing variables are rates of

morbidity, utility preferences, and reoperation rates.

Health utility questionnaires showed that surgeons

and patients' perceptions of health utility following

various outcomes in hip fracture treatment are gener-

ally compatible. These findings can be used by sur-

geons to confirm the choice of arthroplasty over in -

ternal fixation in elderly patients with displaced fe -

moral neck fractures. Furthermore, surgeons can

relay the findings of the decision tree as incorporat-

ing both evidence from randomized trials as well as

preferences of individuals similar to the patient pop-

ulation at risk for hip fractures. Before deciding on a

definitive management plan, however, surgeons must

look at their individual patient population and take

into consideration multiple factors including health

status of patients, age, bone quality, and individual

patient goals and expectations. The findings of this

study should ideally be confirmed in one or more

large, methodologically rigorous randomized con-

trolled trials. Until that time, surgeons should care-

fully discuss the many surgical options available

with their patients, and the relative benefits and risks

of each.
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