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Current Concepts Review

User’s Guide to the Surgical 
Literature: How to Use an 

Article About a Diagnostic Test
BY MOHIT BHANDARI, MD, MSC, VICTOR M. MONTORI, MD, 

MARC F. SWIONTKOWSKI, MD, AND GORDON H. GUYATT, MD, MSC

➤ The primary issues to consider in determining the validity of a diagnostic test study are how the authors assem-
bled the patients and whether they used an appropriate reference standard for all patients to determine whether
the patients did or did not have the target condition.

➤ Likelihood ratios are key to the interpretation of diagnostic tests as they link estimates of pretest probability to
posttest probability.

➤ Sensitivity is the property of the test that describes the proportion of individuals with the disorder in whom the
test result is positive.

➤ Specificity is the property of the test that describes the proportion of individuals without the disorder in whom
the test result is negative.

Clinical Scenario
You are an orthopaedic surgeon who is asked to evaluate a
sixty-five-year-old woman in the emergency department be-
cause of new-onset right hip pain that started one week ago.
Seven months previously, the patient had had a right total hip
arthroplasty for the treatment of osteoarthritis. The pain radi-
ates to the thigh and buttocks. The patient reports that she
slipped on a kitchen floor a few days ago but did not think that
she had sustained a serious injury. In addition, she has been
recovering from a sinus infection (a viral illness) for the past
ten days. She is otherwise healthy except that she takes oral
bisphosphonates for the treatment of osteoporosis.

On examination, she has a temperature of 39°C. She
walks most comfortably with a flexed posture. The range of
motion of the right hip is normal. There is no erythema or
draining sinus over the right hip and thigh. Anteroposterior
radiographs of the pelvis and the right hip reveal a press-fit
acetabular component and a cemented femoral stem with no

evidence of loosening. Laboratory evaluations show a white
blood-cell count of 12.1 cells/µL, of which 85% are neutro-
phils. Blood cultures are negative.

You wonder whether the new onset of hip pain is the re-
sult of a soft-tissue injury, back pain radiating to the hip, pros-
thetic loosening that is not apparent on radiographs, or an
infection of the hip joint. If the hip is truly infected, the pa-
tient will require an operative procedure for débridement of
the wound and removal of the implants. While some of your
colleagues would take all such patients to the operating room
for exploration of the hip, you have been impressed by the
number of cases in which you have found no infection. Be-
cause of such concerns, your practice is to routinely aspirate
the hip in patients in whom an infection is suspected.

Just as you are thinking about placing your patient’s
name on the next day’s procedures list for an aspiration, the
result of the C-reactive protein test comes back as 8 mg/dL
(normal, ≤10 mg/dL). This finding raises some question as to

This article is the fourth in a series designed to help the orthopaedic surgeon use the published literature in practice. In the first
article in the series, we presented guidelines for making a decision about therapy and focused on randomized controlled trials.
In the second article, we focused on evaluating nonrandomized studies that present information about a patient’s prognosis. In
the third article, we focused on systematic literature reviews. In this article, we address the use of articles about diagnostic
tests in the care of surgical patients.





 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 85-A ·  NU M B E R 6 ·  JU N E 2003
USER’S  GUIDE TO T HE SU R G IC A L LITER A TURE:  HOW 
TO US E A N AR T I CL E AB OU T A DI A G NO S T I C TEST

whether your patient actually has an infection. Unsure about
the true utility of a C-reactive protein test in patients with a
suspected infection, you decide to find a suitable article to
clarify your concerns.

That evening, you conduct an Internet search to identify
relevant articles to answer your question.

The Search
In preparation for your search, you formulate your question as
follows: In patients with a previous total hip arthroplasty who
are suspected of having an acute infection, what is the utility
of a C-reactive protein test in diagnosing infection?

You have recently learned about the Clinical Queries
function in PubMed, a quick way to narrow your search to
identify articles that focus on diagnosis. Therefore, using the
Clinical Queries search option in PubMed (http://www.ncbi.
nlm.nih.gov/entrez/query/static/clinical.html), you choose a
narrow scope search (specificity option) for articles on Diag-
nosis using the expression “C-reactive protein AND total joint
arthroplasty.” This search yields a single article entitled, “Pro-
spective Analysis of Preoperative and Intraoperative Investi-
gations for the Diagnosis of Infection at the Sites of Two
Hundred and Two Revision Total Hip Arthroplasties,” by Span-
gehl et al.1. A quick review of the abstract indicates that it will
likely provide the information that you need. You obtain the ar-
ticle from your local hospital library.

Having decided on a relevant article, as is the case with
other types of articles (therapy, prognosis, or harm), you
should ask yourself three questions: (1) Are the results of the
study valid? (2) What are the results? and (3) Will the results
help me in caring for my patients? (Table I)2.

Are the Results of the Study Valid?
Investigators studying a diagnostic test hope to establish the
power of that test to differentiate between patients who have
the target condition (i.e., the disease or health state—in this
case, infection about a hip prosthesis) and those who are free
of the target condition. Patients who are free of the target con-
dition may be healthy or may have one of the competing diag-
noses (in this case, hip trauma or pain radiating from the
back). The credibility, believability, or validity of a study is
only as good as the methods used in its conduct. The primary
issues to consider in determining the validity of a diagnostic
test study are how the authors assembled the patients and
whether they used an appropriate reference standard for all
patients to determine whether the patients did or did not have
the target condition.

Was There Diagnostic Uncertainty?
How do you know whether the investigators chose a suitable
population or whether their choice threatens the study’s valid-
ity? The specific question to ask yourself is whether the sur-
geons who cared for the patients faced genuine diagnostic
uncertainty. Tests are able to easily distinguish between se-
verely affected and healthy patients (otherwise, they can easily
be discarded from use). The reason for this excellent diagnos-

tic performance relates to the minimal overlap between the
test results for severely ill patients and the test results for
healthy volunteers. However, clinicians are interested in using
tests when there is diagnostic uncertainty, that is, when the
test results for patients with the target condition are similar to
the test results for patients without the target condition. In the
latter group, diagnoses other than the target condition are re-
sponsible for the similarity of the test results between groups.
Lijmer et al., in a report on bias in studies of diagnostic tests,
demonstrated that studies involving patients with severe dis-
ease and healthy volunteers overestimated test performance
threefold (relative diagnostic odds ratio = 3.0; 95% confidence
interval, 2.0-4.5)3.

For instance, the white blood-cell count will almost al-
ways be elevated in patients who present with an obvious hip
infection that is associated with a draining sinus and pus in
the joint. On the other hand, the white blood-cell count will
almost never be elevated in healthy controls. However, its di-
agnostic utility is very poor in patients, like the one in the sce-
nario described above, who may have early septic arthritis but
who also may have another condition that elevates the white
blood-cell count, such as viral pharyngitis, a urinary tract in-
fection, or recent trauma.

The use of carcinoembryonic antigen for the detection of
colorectal cancer provides a striking example of the variable
utility of a diagnostic test in populations with different disease
severity. Fletcher reported that carcinoembryonic antigen levels
were elevated in thirty-five of thirty-six patients with estab-
lished cancer and were much lower in patients without cancer4.
However, in an another study in which carcinoembryonic anti-
gen testing was applied to patients with less-advanced stages of

TABLE I Guidelines for Evaluating Studies About a 
Diagnostic Test

Are the results of the study valid?

Primary guides

Did clinicians face diagnostic uncertainty?

Was there an independent, blind comparison 
with a reference standard?

Secondary guides

Did the results of the test being evaluated influence 
the decision to perform the reference standard?

Were the methods for performing the test described 
in sufficient detail to permit replication?

What are the results?

Are likelihood ratios of the test being evaluated or 
data necessary for their calculation provided?

Will the results help me in caring for my patients?

Will the reproducibility of the test result and its 
interpretation be satisfactory in my setting?

Are the results applicable to my patient?

Will the results change my management of the patient?

Will patients be better off as a result of the test?
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colorectal cancer, the test results were similar enough to those in
patients without cancer that the ability of the test to distinguish
the two groups declined5. Accordingly, the use of carcinoembry-
onic antigen in the diagnosis of cancer was abandoned.

Spangehl et al. included a wide spectrum of patients
with low, moderate, and high levels of clinical suspicion of
infection1. We can therefore conclude that the authors assem-
bled an appropriate spectrum of patients.

It is important to recognize that the predictive value of a
test will change with changes in the prevalence of the disease
spectrum already discussed. Consider the following situation.
When a test to diagnose influenza infection (the common flu
virus) is used during an influenza season, positive test results
are more likely to truly indicate cases of influenza than they
are when the same test is used in the same community during
the off-season. This difference occurs because there are more
cases (i.e., a higher prevalence) of influenza during the influ-
enza season and not because the diagnostic properties of the
test have changed.

Was There an Independent Comparison 
with a Reference Standard?
The accuracy of a diagnostic test is best determined by compar-
ing it with the truth. Truth about whether the disease is present
is usually defined by the presence or absence of a pathological
finding that represents the condition (i.e., an essential lesion). A
reference standard that uses that pathological finding is most
desirable. Conversely, a reference standard that does not use an
essential lesion is at risk of miscategorizing patients. Therefore,
judgment should be used to decide whether the chosen refer-
ence is appropriate.

Accordingly, readers must make sure that the investiga-
tors have applied independently both the test under investiga-
tion and an appropriate reference standard (such as biopsy,
surgery, autopsy, or long-term follow-up) to every patient. By
independent, we mean that the individual interpreting the ref-
erence standard should be unaware of (or blind to) the results
of the test and that the individual interpreting the test should
be unaware of the results of the reference standard. To the ex-
tent that this blinding is not achieved, the investigation is
likely to overestimate the diagnostic power of the test. In the
study by Lijmer et al.3, lack of blinding resulted in a significant
overestimation of the test performance (relative diagnostic
odds ratio = 1.3; 95% confidence interval, 1.0-1.9) (p < 0.05).

For example, surgeons who detect a hip fracture with use
of nuclear bone-scanning or magnetic resonance imaging are
more likely to identify a previously undetected fracture line on
plain radiographs. In one study evaluating the use of plain radi-
ography and magnetic resonance imaging for the detection of
osteonecrosis following a hip fracture, the investigators did not
report independent assessments of plain radiographs and mag-
netic resonance images6. Thus, the investigators who identified
changes on magnetic resonance images at two months may have
been more suspicious of the findings on the plain radiographs,
which initially appeared normal but ultimately were classified as
abnormal.

Another way in which a lack of independence can be
misleading is if the test under evaluation is a component of
the reference standard. For example, in one study investigating
the utility of the serum and urinary amylase test in the diag-
nosis of pancreatitis, the investigators constructed a reference
standard that consisted of a series of tests, including the serum
and urinary amylase test7. This incorporation of the test under
evaluation into the reference standard is likely to overestimate
the utility of the test. Thus, clinicians should make sure that
the test under evaluation and the reference standard are inde-
pendent of each other.

In the study by Spangehl et al., all patients underwent
measurement of the C-reactive protein level and testing to de-
termine the presence or absence of infection. The authors did
not describe clearly whether the assessments were performed
in an independent and blinded fashion1. The investigators de-
fined infection as the presence of an open or draining sinus
communicating with the hip joint, the detection of purulent
fluid within the joint during surgical exploration, or a positive
result on at least three other investigations (intraoperative cul-
ture, preoperative aspiration, frozen-section analysis, determi-
nation of the C-reactive protein level, and determination of
the erythrocyte sedimentation rate). The inclusion of the di-
agnostic test in question (the C-reactive protein test) as a
component of this reference standard raises a serious con-
cern. This incorporation bias may spuriously increase the ap-
parent utility of the test.

Having asked the most critical questions that assist in
the determination of study validity, you can further reduce
your chances of being misled by asking an additional question.

Did the Results of the Test Being Evaluated Influence 
the Decision to Perform the Reference Standard?
The properties of a diagnostic test will be distorted if the re-
sults of the test influence the decision to carry out the refer-
ence standard. This situation, called verification bias8,9 or workup
bias10,11, applies when, for example, investigators only conduct
further evaluation with the reference standard for patients
who have a positive test result and assume that those who have
a negative test result do not have the target condition. In prac-
tice, this leads to an overly sanguine estimation of the ability
of the test being evaluated to differentiate between patients
who have the target condition and those who do not. In the
study by Lijmer et al., the test performance was overestimated
twofold in studies in which different reference standards were
used for patients who had the target condition and those who
did not (relative diagnostic odds ratio = 2.2; 95% confidence
interval, 1.5-3.3)3.

Generally, if a test is invasive, surgeons will be less likely
to apply the reference standard (i.e., surgical biopsy) when the
probability of disease is low. Verification bias occurred in a
study of the diagnostic utility of fine-needle aspiration biopsy
in the determination of malignancy in patients with nodular
thyroid disease12. Patients who had benign lesions on fine-needle
aspiration biopsy did not have surgical resection of the thyroid
nodule for definitive pathological diagnosis, whereas those
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who had malignant or uncertain lesions on fine-needle aspira-
tion biopsy underwent a further reference standard examina-
tion with surgical resection and pathological analysis. That
study is likely to have overestimated the power of the test in
excluding malignancy.

Verification bias was also a potential problem in the
landmark study of the value of the ventilation-perfusion lung
scan in the diagnosis of pulmonary embolism (the PIOPED
study)13. Patients whose ventilation-perfusion scans were in-
terpreted as “normal/near normal” and “low probability”
were less likely to undergo pulmonary angiography than those
with more positive ventilation-perfusion scans; specifically,
69% of the patients in the former group and 92% of those in
the latter group underwent angiography13. This finding is not
surprising as clinicians might be reluctant to subject patients
who have a low probability of pulmonary embolism to the
risks of angiography. In this case, however, the investigators
dealt successfully with the bias by constructing an alternative
reference standard for patients who did not undergo angiog-
raphy. They followed these untreated patients for one year to
ensure that they remained free of evidence of pulmonary em-
bolism during this period of time.

The methods section of the article by Spangehl et al.1 in-
dicates that all patients underwent frozen-section analysis as
well as intraoperative gram-staining and culture of specimens
from the surgical site. Thus, the results of the C-reactive pro-
tein test did not influence the decision to conduct reference
standard investigations in these patients. What is less clear is
whether the investigators interpreting the reference standard
had access to the results of the C-reactive protein test.

What Are the Results?
The starting point for any diagnostic process is to determine
the probability that the target disease is present in a given pa-
tient group before the next diagnostic test is performed. Let us
consider two patients: (1) a sixty-five-year-old woman with
diabetes who presents six months after total hip arthroplasty

with a fever, an elevated white blood-cell count, and a painful
hip with an erythematous wound, and (2) a sixty-year-old
otherwise healthy woman who presents one year after arthro-
plasty with intermittent hip pain, normal findings on physical
examination, and an elevated white blood-cell count. Most
surgeons would consider the probability of an infection about
the prosthesis to be different for these two patients. The prob-
ability, referred to as the pretest probability, of periprosthetic
infection in the sixty-five-year-old patient with hip pain and
fever is much higher than the probability of infection in the
sixty-year-old patient even before additional diagnostic tests
are conducted.

How can surgeons estimate pretest probability? Litera-
ture on the probability of disease given a certain presentation
(for example, reports discussing the probability of infection in
patients presenting with pain and fever after arthroplasty),
similar data derived from the hospital’s registry, and a sur-
geon’s clinical experience and intuition can help that surgeon
to estimate pretest probability. Other information that can be
used to estimate pretest probability can be found in studies
evaluating the utility of a diagnostic test. For instance, in the
study by Spangehl et al.1, 17% (thirty-five) of the 202 hips
were found to be infected.

Returning to your patient, you can use the history and
clinical examination to arrive at a pretest probability (that is,
the probability of infection before the result of the C-reactive
protein test was obtained). Your patient’s elevated white
blood-cell count and fever are consistent with her recent viral
infection. However, the new-onset hip pain raises concern that
she may have a periprosthetic infection. The wound is neither
erythematous nor warm to the touch. Indeed, this patient is
similar to an average patient in the study by Spangehl et al.1.
On the basis of this information, you estimate that your pa-
tient has a 20% probability of a periprosthetic infection.

The next step is to decide how the results of the C-reactive
protein test change your estimate of the probability of infec-
tion. In other words, surgeons should be interested in the char-

TABLE II Likelihood Ratios for a Positive and Negative C-Reactive Protein Test*

C-Reactive 
Protein Test

Periprosthetic Infection

TotalYes No

Positive (>10 mg/L) 25 True Positive (a) 9 False Positive (b) 34

Negative (≤10 mg/L) 1 False Negative (c) 107 True Negative (d) 108

Total 26 116

Likelihood ratio (for positive test): (a/[a + c])/(b/[b + d]) = sensitivity/(1 – specificity) = (25/26)/(9/116) = 0.96/0.077 = 12.5.
Likelihood ratio (for negative test): (c/[a + c])/(d/[b + d]) = (1 – sensitivity/specificity) = (1/26)/(107/116) = 0.038/0.92 = 0.041.
Sensitivity: a/(a + c) = 25/26 = 96%.
Specificity: d/(b + d) = 107/116 = 92%.
Positive predictive value: a/(a + b) = 25/34 = 74%.
Negative predictive value: d/(c + d) = 107/108 = 99%.
Accuracy: (a + d)/(a + b + c + d) = 132/142 = 93%.
Prevalence: (a + c)/(a + b + c + d) = 26/142 = 18%.

*The data are from the study by Spangehl et al.1.
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acteristic of the test that indicates the direction and magnitude
of this change. This characteristic of the test is termed the like-
lihood ratio2. The likelihood ratio (LR) is the characteristic of
the test that links the pretest probability to the posttest proba-
bility (that is, the probability of the target condition after the
test results are obtained).

What Are the Likelihood Ratios 
Associated with the Test Results?
Table II presents results from the study by Spangehl et al.1 (al-
though not in the way that the authors presented them). There
were twenty-five patients who had a proven infection and 107
patients in whom infection was ruled out. For all patients, the
C-reactive protein level was classified as positive (>10 mg/L)
or negative (≤10 mg/L). How likely is a negative C-reactive
protein test among patients who have a periprosthetic infec-
tion? Table II reveals that the C-reactive protein level was nor-
mal in one (4%) of twenty-six patients with an infection and
in 107 (92%) of 116 patients without an infection. The ratio of
these two proportions (0.04/0.92) is the likelihood ratio for a
negative C-reactive protein test and is equal to 0.043. Thus, a
negative C-reactive protein test is twenty-three times (that is,
1/0.043 times) less likely to occur in patients with a peripros-
thetic infection than in those without an infection. Alterna-
tively, a positive C-reactive protein test is 12.5 times more
likely to occur in patients with a periprosthetic infection than
in those without an infection (Table II).

How can we use the likelihood ratio? The likelihood ratio
tells us how much the pretest probability increases or decreases.
For instance, a likelihood ratio of 1.0 will not change the pretest
probability, whereas a likelihood ratio of >1 will increase it. A
rough guide to the interpretation of likelihood ratios is as fol-
lows: likelihood ratios of >10 or <0.1 generate large and often
conclusive changes in the posttest probability, likelihood ratios
from >5 to 10 or from 0.1 to 0.2 generate moderate shifts in
posttest probability, likelihood ratios from >2 to 5 or from >0.2
to 0.5 generate small (but sometimes important) changes in
probability, and likelihood ratios from >1 to 2 or from >0.5 to 1
alter posttest probability to a small degree2.

Having determined the likelihood ratios, how do we use
them to link the pretest probability to the posttest probability?
A simple but tedious calculation converts the pretest probabil-
ity to pretest odds (odds = probability/[1 − probability]). The
clinician can then multiply the pretest odds by the likelihood
ratio to obtain the posttest odds. With use of another calcula-
tion, the posttest odds can be converted back to posttest prob-
ability (probability = odds/[1 + odds]).

To save time and avoid computations, Fagan proposed a
nomogram for converting pretest probability to posttest prob-
ability with use of likelihood ratios14. The clinician obtains the
posttest probability by placing a straight edge that aligns the
pretest probability to the likelihood ratio for the diagnostic
test. For your patient who has a pretest probability of 20% on
the basis of history and clinical examination and a negative C-
reactive protein test (LR = 0.04), the posttest probability is
1%. If the C-reactive protein test had been positive (LR =

12.5), then the posttest probability of an periprosthetic infec-
tion would have increased to 76%.

Table III illustrates how this approach would be applied
to the two patients presented earlier: the sixty-five-year-old
woman with hip pain and overt signs of infection (pretest prob-
ability = 80%) and the sixty-year-old woman with hip pain but
no fever (pretest probability = 10%). Formally, new knowledge
(posttest probability) that is derived from the revision of previ-
ous knowledge (pretest probability) on the basis of new infor-
mation (likelihood ratio) is an application of Bayes theorem to
diagnosis.

As is evident from the above examples, the use of like-
lihood ratios is key to the interpretation of diagnostic tests.
However, many studies present the properties of diagnostic
tests in less clinically useful terms: sensitivity and specificity.

Sensitivity, Specificity, and 
Predictive Value (see Table II)
Sensitivity is the property of the test that describes the propor-
tion of patients with the disorder in whom the test result is posi-
tive. Specificity is the property of the test that describes the
proportion of patients without the disorder in whom the test
result is negative. Using the rules provided in Table II, we can
calculate the sensitivity and specificity of the C-reactive protein
test in detecting infection. To calculate sensitivity, we divide the
total number of patients who had a proven infection and a posi-
tive test (true positives; n = 25) by the total number of patients
who had a proven infection (true positives + false negatives; n =
26). Thus, the sensitivity is 96%. To calculate specificity, we di-
vide the total number of patients who had a negative C-reactive
protein test (true negatives; n = 107) by the total number of pa-
tients who had no infection (true negatives + false positives; n =
116). Therefore, the specificity is 92%.

Tests with high sensitivity are useful for ruling out dis-
ease, and tests with high specificity are useful for ruling in dis-
ease. For example, since almost all patients with a scaphoid

TABLE III Pretest Probabilities, Likelihood Ratios, and 
Posttest Probabilities

Pretest 
Probability (%)

Likelihood 
Ratio*

Posttest 
Probability (%)

Negative test

80 (high probability) 0.04 14

50 0.04 3.8

30 0.04 1.8

10 (low probability) 0.04 0.4

Positive test

80 (high probability) 12.5 98

50 12.5 93

30 12.5 84

10 (intermediate probability) 12.5 60

*As determined on the basis of the result of the C-reactive pro-
tein test.
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fracture suffer from anatomical snuffbox tenderness (a highly
sensitive test), the absence of such tenderness virtually rules
out a scaphoid fracture15. In patients with a neck injury, the
absence of five clinical features (midline cervical tenderness,
focal neurological deficit, impaired alertness, intoxication,
and history of a distraction injury) reduces the probability of
an important cervical spine injury to <1%16. In patients sus-
pected of having a full-thickness rotator cuff tear, a normal
ultrasound rules out a full-thickness tear because ultrasonog-
raphy has a sensitivity of 100%17.

The three examples cited above are all situations in
which a high-sensitivity test, if negative, can rule out a target
condition. The posterior drawer test for the diagnosis of pos-
terior cruciate ligament injury is highly specific. Rubinstein
et al. conducted a study to determine the diagnostic utility
of the posterior drawer test among a varied population of
patients, including those with normal knees, those with
anterior-cruciate-deficient knees, and those with posterior-
cruciate-deficient knees18. Among blinded assessors, a specific-
ity of 99% was reported. Thus, a positive result on the posterior
drawer test makes the diagnosis of posterior cruciate ligament
injury virtually certain.

Sensitivity and specificity have drawbacks. In calculat-
ing sensitivity and specificity, important information is often
discarded to collapse the data to fit the 2 × 2 table format.
Moreover, multiple recalculations of sensitivity and specific-
ity are often necessary at each potential cut point (or division)
when one is considering a continuous variable (for example,
blood pressure) or a test result that is reported as one of a
number of categories (such as a high, intermediate, or low-
probability ventilation-perfusion scan). Finally, there is no
convenient nomogram that allows us, with knowledge of sen-
sitivity, specificity, and a particular test result, to convert pre-
test probability to posttest probability. However, one can
translate these measures into likelihood ratios. Similar draw-
backs affect the calculation of predictive values (Table II).

Will the Results Help Me 
in Caring for My Patients?
Having assessed the validity of the article and performed the
necessary simple calculations to understand its results, you
can ask yourself whether these results will help you in caring
for your patient.

The value of a diagnostic test often depends on its re-
producibility when applied to patients. If a test requires much
interpretation (e.g., electrocardiograms or pathological speci-
mens) or involves the use of laboratory assays (e.g., stains or
biochemical assays), variation in test results can occur. If a
study indicates that a test is highly reproducible, two possibili-
ties are likely: either the test is quite simple and easy to apply
to patients or the investigators involved in the study were
highly skilled in applying the diagnostic test to the study pa-
tients. If the latter is true, the diagnostic test may not be useful
in a setting in which nonskilled interpretation of the test is
likely to occur.

Another important issue to consider is the similarity of

your patient to those in the study. The properties of a diagnos-
tic test can change with different disease severities (see the dis-
cussion on the use of an appropriate spectrum, above). For
instance, the test may not perform as well in a community
practice, where less complicated cases will have to be distin-
guished from multiple competing diagnoses. On the other
hand, in the study by Spangehl et al.1, the patients were as-
sessed in a referral practice setting (a university hospital). In
that setting, surgeons were more likely to encounter patients
with more severe or complicated disease in whom the diag-
nostic test (the C-reactive protein level) was likely to perform
better (likelihood ratio >>1). In that setting, alternative diag-
noses may have already been explored and ruled out. Likeli-
hood ratios tend to move away from the value of 1 when all
patients who have the target disorder have severe disease, and
they tend to move toward the value of 1 when all patients who
have the target disorder have mild disease2. In general, how-
ever, if you practice in a similar setting to that presented in the
study and your patient meets the study eligibility criteria, you
can be confident in applying the results of the study to your
patient.

Once you have decided that the results are, in fact, ap-
plicable to your patient, you must decide whether they will
change your management of the patient. Before making any
decisions, you must have a sense of what probabilities would
confirm or refute the target diagnosis. For example, suppose
you are willing to proceed with débridement and implant re-
moval without further testing in patients who have a ≥85%
probability of infection (realizing that you will be operating
on 15% of patients unnecessarily). Moreover, suppose you are
willing to reject the diagnosis of infection if the test probabil-
ity is ≤10%. In the sixty-five-year-old woman with hip pain
and overt signs of infection (pretest probability, 80%) and a
negative C-reactive protein test, the posttest probability of
periprosthetic infection would be 14% and you would pro-
ceed with further testing (e.g., hip aspiration) before aban-
doning infection as a diagnosis. However, in the sixty-year-old
afebrile woman with hip pain (pretest probability, 10%) and a
negative C-reactive protein test, the posttest probability of in-
fection would be nearly 0% and you would not conduct fur-
ther testing for periprosthetic infection. You may wish to
apply different numbers here; the treatment and test thresh-
olds are a matter of values (ideally, the patient’s values) and
they differ among conditions depending on the risks of ther-
apy (i.e., if the therapy is associated with severe side effects,
you may want to be more certain of your diagnosis before rec-
ommending it) and the danger of the disease if left untreated
(i.e., if the danger of missing the disease is high—as it is in the
case of pulmonary embolism—you may want your posttest
probability to be very low before abandoning diagnostic test-
ing) (Fig. 1).

Finally, you can ask yourself if your patient will be better
off having had the test. A test becomes more valuable when it
has acceptable risks, the target disorder has major conse-
quences if left untreated, and the target disorder can be readily
treated if diagnosed. C-reactive protein testing poses minimal
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risk to the patient and may be extremely valuable for ruling in
or ruling out infection—a complication of total hip arthro-
plasty that is devastating if left untreated.

Resolution of the Scenario
The patient in the scenario at the beginning of this report
had a pretest probability of infection of 20%. Her negative C-
reactive protein test (likelihood ratio, 0.04) decreased her
probability of infection to 1%. The patient did not undergo a
surgical procedure but required close follow-up. At the two-
week follow-up appointment, the white blood-cell count was
normal and the patient was afebrile. Further examination of
radiographs and computed tomographic scans of the lumbar
spine revealed right lateral recess stenosis.

Conclusion
Application of the guides presented in this article can allow
surgeons to critically assess studies about a diagnostic test.
Surgeons are continuously exposed to a variety of new and in-
novative diagnostic tests and to the studies describing their di-
agnostic properties. Determining the validity of these studies,

the study results, and the applicability of these results to your
patients are three fundamental steps toward choosing and in-
terpreting diagnostic tests. 
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