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Abstract
Purpose of Review To discuss the automated risk calculators that have been developed and evaluated in orthopedic surgery.
Recent Findings Identifying predictors of adverse outcomes following orthopedic surgery is vital in the decision-making process
for surgeons and patients. Recently, automated risk calculators have been developed to quantify patient-specific preoperative risk
associated with certain orthopedic procedures. Automated risk calculators may provide the orthopedic surgeon with a valuable
tool for clinical decision-making, informed consent, and the shared decision-making process with the patient. Understanding how
an automated risk calculator was developed is arguably as important as the performance of the calculator. Additionally, convey-
ing and interpreting the results of these risk calculators with the patient and its influence on surgical decision-making are
paramount.
Summary The most abundant research on automated risk calculators has been conducted in the spine, total hip and knee
arthroplasty, and trauma literature. Currently, many risk calculators show promise, but much research is still needed to improve
them. We recommend they be used only as adjuncts to clinical decision-making. Understanding how a calculator was developed,
and accurate communication of results to the patient, is paramount.

Keywords Automated risk calculator . Orthopedic surgery . Postoperative complications . Predictive modeling

Introduction

An integral part of the informed consent and shared decision-
making process includes ensuring that the patient has a full
understanding of the potential risks, benefits, and alternatives
to treatment [1, 2]. Additionally, an adequate understanding of
risk helps surgeons to choose the most appropriate treatment
for his or her patient. Several risk factors have been identified
for specific orthopedic procedures, which further helps sur-
geons risk stratify patients on an individual basis. Identifying
modifiable risk factors, such as uncontrolled diabetes or
smoking, can allow the patient and surgeon to make

preoperative interventions to reduce the risk of postoperative
complications [3]. A thorough understanding of risk by both
the surgeon and patient facilitates the shared decision-making
process and optimizes the treatment plan.

From a quality improvement perspective, risk estima-
tion may help reduce adverse events and The Centers for
Medicare and Medicaid Services (CMS) may soon incen-
tivize surgeons to incorporate risk assessment tools into the
informed consent process for elective surgery [4]. Growing
interest and emphasis on the importance of risk prediction
in the orthopedic community have led to the development
of several automated risk calculators [5–17]. Automated
risk calculators allow the user to input specific patient
characteristics into a calculator for a specific procedure to
produce an automated risk prediction of adverse outcomes.
While not a surgical risk calculator, the fracture risk assess-
ment tool (FRAX) is an example of an automated risk
calculator to predict the 10-year probability of hip and
major osteoporotic fractures, and aids in the decision-
making process to begin pharmacologic treatment for os-
teoporosis [18]. For surgery, accurate risk calculation is an
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invaluable tool for the orthopedic surgeon during the peri-
operative decision-making process.

The largest body of research for automated risk calculators
in orthopedics revolves around the fields of spine, total joint
arthroplasty, and trauma. The objective of this review is to
provide a summary of the most extensively evaluated auto-
mated risk calculators used to predict postoperative complica-
tions after orthopedic surgery.

Risk Calculator Evaluation

Prior to presenting the literature on automated risk calcu-
lators, we will briefly discuss the metrics used to evaluate
the performance of automated risk calculators to familiar-
ize the reader with the commonly used terms and tests
presented in the literature. A review by Mansmann et al.
provides an excellent summary on the methods behind de-
velopment and interpretation of automated risk calculators
[19•]. This comprehensive explanation is beyond the scope
of this review, but is a good reference to review a back-
ground on risk calculators.

Discrimination is the ability of a predictive model to sepa-
rate patients who experienced the outcome from those who
did not. Discrimination is measured by the area under the
receiver operating characteristic curve (AUC), and is synony-
mous with the concordance statistic (c-statistic). The value of
the AUC orC-statistic ranges from 0 to 1 and is the probability
that a randomly selected individual in which the predicted
outcome occurred had a higher predicted probability than a
randomly selected individual who did not experience the out-
come. Therefore, a model with an AUC of 0.5 is no better than
random chance [20]. In addition, values of 0.6–0.7 indicate
poor prediction, 0.7–0.8 indicate fair prediction, 0.8–0.9 indi-
cate good prediction, and 0.9–1 indicate excellent prediction.
Of note, terms like “fair” and “good” are not necessarily stan-
dardized in the orthopedic literature, and the performance of
clinical prediction models is often assessed by the authors
evaluating them.

Calibration is the second major metric used to evaluate
predictivemodels, and indicates how similar the predicted risk
is to the true, observed risk. An accurate model is well cali-
brated and the predicted risk percentages will be close to the
observed risk percentages [20]. The Hosmer-Lemeshow sta-
tistical test assesses calibration and indicates good calibration
if the p value is > 0.05. The Brier score is another measure of
calibration with a perfect calibration having a Brier score of 0
[21].

To summarize, an automated risk calculator with a high
AUC, high Hosmer and Lemeshow p value, and low Brier’s
score suggests a model with good discrimination and
calibration.

Spine

The field of spine surgery has a variety of automated risk
calculators that have been developed and validated for com-
plications after various types of procedures and diagnoses
(Table 1).

Risk Assessment Tool

Ratliff et al. used data from the MarketScan database on
279,145 patients to develop a spine surgery risk assessment
tool (RAT), available publicly on iOS devices [17].
Development of the RAT involved any patient undergoing
spine surgery. The RAT uses surgical factors and patient char-
acteristics to predict 30-day postoperative complications. A
benefit of the RAT is that it was developed from spine surgery
patients, making it more relevant to the field of spine surgery.
The RAT had an AUC score of 0.70 for predicting complica-
tions after all procedures, and AUC scores ranging from 0.66
to 0.73, depending on the approach and region of the spine,
suggesting relatively good clinical prediction. The authors
note that the MarketScan database contains almost no patients
of Medicare-age, which is one of the most rapidly growing
age groups in spine surgery [17]. Veeravagu et al. expanded
on the previous study by Ratliff and prospectively compared
the predictive ability of the RAT and the National Surgical
Quality Improvement Program Surgical Risk Calculator
(NSQIP-SRC) for determining complications in patients un-
dergoing spine surgery. The authors found the RAT and
NSQIP-SRC to have respective AUC values of 0.67 and
0.70, with no statistically significant difference between the
two. The authors also found, however, that the RAT had sig-
nificantly lower prediction error compared with the NSQIP-
SRC, and that the NSQIP-SRC significantly underestimated
the risk of developing complications [24]. Therefore, the RAT
and NSQIP-SRC had similar discrimination, but the RAT had
better calibration.

NSQIP-SRC

The NSQIP-SRC has been evaluated by a number of indepen-
dent studies for spine surgery. A major drawback of the
NSQIP-SRC is that it was developed using a heterogenous
patient population. In an attempt to evaluate the NSQIP-
SRC on a more homogenized group, Sebastian et al. used
single-level lumbar spine fusion cases from the 2015 NSQIP
database, and compared the development of actual complica-
tions with complications predicted by the NSQIP-SRC [22].
The authors found that in general for 30-day complication
risk, the NSQIP-SRC was suboptimal with a c-statistic of
0.61 for any complication. The NSQIP-SRC performed best
for VTE, although it was still limited (c-statistic 0.66). The
authors suggest the NSQIP-SRC may be limited because it
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was developed with a wide variety of patients and that the
development of risk calculators may require specialized pop-
ulations. Another reason the authors suggest the calculator
may have performed poorly is because it only accepts 1 CPT
code which may underestimate the complexity of spine sur-
gery patients [22]. For elderly (> 60 years) patients undergo-
ing laminectomy without fusion at an institution in China,
Wang et al. evaluated the NSQIP-SRC and concluded that it
was not an accurate predictor of complications following sur-
gery based on AUC scores and Brier scores (0.68 and 0.32,
respectively) [23].

SpineSage

Another publicly available online automated risk calculator is
SpineSage™, developed by Lee et al. using 1476 patients
from the Spine End Result Registry (SERR) [15]. On internal
validation, the model was found to be accurate with AUC
values for 30-day medical and major medical complications
of 0.76 and 0.81, respectively. This calculator was further
assessed by Kasparek et al. on 273 patients and found similar
AUC values of 0.85 for medical complications and 0.71 for
major medical complications. The authors concluded that the
calculator was accurate at determining complications follow-
ing various spine procedures [14, 15]. The benefits of this
calculator are that it includes several surgery-specific variables
and patient comorbidities. The drawback is that it was devel-
oped using only 1476 patients which may not be a large
enough cohort for the development of a predictive model.

Global Spine Tumour Study Group Risk Calculator

Choi et al. developed an automated, publicly available online
risk calculator to predict mortality of patients with spinal me-
tastases at various time points based on specific patient and
tumor characteristics at the time of treatment [16]. The model
was developed based on 1264 patients from the Global Spine
Tumour Study Group (GSTSG). The calculator performed
better than commonly used prognostic scoring systems de-
scribed by Tomita et al. and Tokuhashi et al. for predicting
death at 2 years after surgery [25, 26]. The authors highlight
important methodologic considerations for the development
of the calculator, and suggest it may be a valuable adjunct to
clinician decision-making when discussing surgical options
for patients with spinal metastases [16].

While several automated risk calculators have been devel-
oped to predict complications after spine surgery, further stud-
ies are required to confirm their accuracy and benefit. The
consensus seems that the ACS-NSQIP-SRC underestimates
the risk of postoperative complications and may be subopti-
mal. The RAT, SpineSage™, and GSTSG are more optimal
tools to guide spine surgeons in understanding risk of postop-
erative complications after surgery.Ta
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Total Joints

The total joints literature has an abundance of risk calculators
that have been internally and externally validated (Table 2).
Some of these calculators use heterogenous populations like
the NSQIP-SRC, and others use total joint arthroplasty–
specific patients and complications.

NSQIP-SRC

A number of studies have assessed the accuracy of the
NSQIP-SRC to predict 30-day complications after THA and
TKA. Edelstein et al. assessed the predictive ability of the risk
calculator for 1764 Medicare patients at their institution who
underwent primary unilateral THA or TKA [28]. The total
complication rate in their cohort was 11.54%, 90.2% of which
were considered serious complications. For the entire cohort,
any complication, cardiac complication, pneumonia, and dis-
charge to a rehab or nursing facility had risk estimates that
were associated with an observed event occurrence, though
the authors indicated that none of these outcomes had a strong
c-statistic (> 0.8). When stratified for THA patients, the au-
thors found that cardiac complications, pneumonia, and dis-
charge to rehab facility risk estimates were associated with an
actual event occurrence. In TKA patients, risk estimates for
any complication, cardiac complication, pneumonia, and dis-
charge to rehab were associated with actual event occurrence.
None of the c-statistics for either the THA or TKA groups was
considered strong (> 0.8). While the authors conclude that the
NSQIP-SRC cannot accurately predict 30-day complications
after TKA or THA, they did set a high standard for c-statistic
values > 0.8. Some of the outcomes predicted, such as dis-
charge to a rehab facility in THA patients, had relatively
strong c-statistics (0.74) compared with other risk calculators
that have been studied highlighting the need for individualized
assessments.

Wingert et al. assessed the accuracy of the NSQIP-SRC
specifically for predicting PJI after THA or TKA [29]. The
authors analyzed 1620 total joint replacements and found that
the NSQIP-SRC had an AUC of 0.74 for predicting PJI within
30 days, and an AUC of 0.71 for predicting PJI within 90 days
and therefore conclude that the calculator is only a fair predic-
tor of detecting acute postoperative PJI. Aspects of the study
that may have led to suboptimal results include combining
THA and TKA patients into a single cohort. Additionally,
the NSQIP-SRC was not specifically designed to detect SSI,
not PJI, and it is possible the authors had patients with a
simple SSI rather than PJI, which could explain some of the
discrepancy between the predicted and actual risk observed.

Goltz et al. analyzed 496 TKAs and 413 THAs using the
NSQIP-SRC to predict discharge to SNF/rehab, DVT, 90-day
readmission, PJI, and return to OR [30]. The authors included
the above complications if they occurred within 90 days of

surgery. The authors found the calculator to be most suitable
to predict discharge to SNF/rehab with an AUC of 0.72 (TKA
0.75, THA 0.68). The remainder of the tested outcomes had
either low discrimination (AUC < 0.7) or were not statistically
significant, leading the authors to conclude that the risk cal-
culator was only suitable for predicting discharge to SNF/re-
hab. The authors also noted that the calculator had very similar
predicted length of stay to actual length of stay, only
overestimating the actual length of stay by 0.2 days, despite
this difference being statistically significant.

American Total Joint Replacement Registry Risk Calculator

The American Total Joint Replacement Registry Risk
Calculator (AJRR) was developed using a sample of 65,499
Medicare patients who underwent THA, and 137,546
Medicare patients who underwent TKA. It inputs 30 patient
variables to return a prediction of 90-day mortality and pros-
thetic joint infection within 2 years. Harris et al. performed an
external validation of the AJRR using Medicare eligible pa-
tient from the Veterans Affairs Surgical Quality Improvement
Program (VASQIP) to predict 90-day mortality after either
TKA or THA [10]. The authors observed poor discrimination
and calibration of the risk calculator, with a c-statistic of 0.62.
They concluded the calculator was not accurate at predicting
90-day mortality in Medicare eligible VA patients, but ac-
knowledged that the calculator’s performance in other popu-
lations remains unknown. The authors suggest the poor per-
formance of the calculator may be due to the relatively low
mortality rate that occurs after THA and TKA, making it dif-
ficult to develop and accurate model around this outcome.
Also, the differences in the sample used to create the calcula-
tor and used to test the calculator cannot be overlooked when
performing external validation [10].

Total Knee Replacement Surgery – Risk IQ Tool

HealthGrades Inc. (Denver, CO) has a publicly available risk
calculator for complications after TKA. The calculator differs
somewhat from other calculators, in that it is intended for
patient use and variables are input by the patients themselves.
It also does not provide any risk percentage, but rather pro-
vides a qualitative assessment of risk. Romine et al. retrospec-
tively reviewed 2284 primary TKAs performed at their insti-
tution and assessed the accuracy of the HealthGrades calcula-
tor to predict postoperative complications during the first
14 days postoperatively [27]. They included common postop-
erative complications such as PE, sepsis, wound complica-
tions, and many others. The authors observed a 3.6% compli-
cation rate in their patient cohort, which was significantly
lower than that predicted by the calculator (12.4%), with an
AUC value of 0.61. The authors highlight several reasons for
this overestimation of risk, namely that the calculator was
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developed using Medicare data, while the patients at their
institution comprise a more diverse mix of patients.
Medicare patients may have more inherent risk in developing
a complication, leading to overestimation. Other reasons for
overestimation by the calculator included possibly missing
complications due to coding inaccuracy, and not capturing
complications for patients who were readmitted to an outside
institution which would have artificially lowered the observed
complication rate in the author’s cohort [27]. It is also impor-
tant to note that the 14-day postoperative window would only
capture the most acute complications following a TKA.

PJI Risk Calculator

Tan et al. examined 27,717 patients who underwent either
THA or TKA and developed an automated calculator to pre-
dict periprosthetic joint infection [31]. Forty-two risk factors
were initially analyzed, and 25 of them were found not to be
significant. The remaining 17 factors were incorporated into
the calculator, with the most significant being previous open
surgical procedure, drug abuse, revision procedure, and HIV/
AIDs. The authors reported good AUC values on external
validation of the calculator, with AUC values for any PJI,
antibiotic-resistant PJI, and S. aureus PJI of 0.84, 0.83, and
0.73, respectively. One of the major benefits of this calculator
is that it contains detailed surgical variables such as primary
vs. revision procedure and number of prior surgeries, and
weighs some of the strongest risk factors, such as drug abuse.
While it requires further external validation, it has potential to
be a valuable tool to stratify high-risk patients for developing
PJI after total joint arthroplasty.

Kheir et al. developed an automated risk calculator to pre-
dict failure of surgical treatment of prosthetic joint infection
after total knee or hip arthroplasty [11]. A total of 1438 pa-
tients with PJI were used to develop the calculator, incorpo-
rating 63 risk factors related to patient characteristics, micro-
biology data, and surgical variables. The final analysis yielded
10 significant risk factors that were used in the final calculator.
The AUC for the calculator was 0.69. Several of the risk
factors included in the calculator are modifiable, suggesting
that patients may be optimized prior to surgical treatment of
PJI, and the calculator may be a beneficial tool to communi-
cate risk of failure to patients, though it has relatively poor
discrimination.

Total-Knee Arthroplasty Revision Probability Calculator

In 2018, Starr et al. developed a risk calculator to predict risk
of revision TKA [13]. The risk calculator was developed using
32,297 patients from the Veterans Affairs (VA) informatics
and computing infrastructure who underwent a TKA and sub-
sequent revision TKA. The variables included in the model
were age, gender, BMI, DM, CKD, and chronic opioid use.

The authors included chronic opioid use within the calculator
because it has been recently associated with early revision
TKA [32, 33]. The mean absolute error of the calculator at
1 year was 0.1%, and 3.6% at 5 years. The calculator may not
be generalizable because of its development from a VA data-
base. Additionally, there are no other studies that have evalu-
ated this risk calculator. Therefore, it should be used cautious-
ly until further literature can support its accuracy.

Many of the authors that evaluated the NSQIP-SRC con-
cluded that it is a poor predictor of postoperative complica-
tions after TKA or THA. Additionally, AAJR also was found
to be inaccurate for predicting postoperative complications.
Some of the calculators used to predict revision or success
of PJI treatment performed the best, which may be because
of the total joint specific populations and variables used to
develop them.

Trauma and Fractures

Risk calculators for postoperative outcomes after fracture sur-
gery have been less extensively studied. Hip fractures are of
particular interest due to the increasing incidence in the elderly
population and the clinical challenge they pose due to high
morbidity related to a number of elderly comorbid conditions.
Additionally, hip fractures pose a high economic burden, and
the ability to predict and stratify high-risk patients may im-
prove outcomes and reduce costs. The only other injury with
an available automated risk calculator is distal radius
fracture (Table 3).

NSQIP-SRC

Wang et al. used the NSQIP-SRC to analyze 410 elderly (age
≥ 60) patients with a femoral neck fracture who underwent
hemiarthroplasty [34]. The authors set a cutoff of c-statistic
> 0.83 to indicate the calculator being a good predictive tool.
Only the c-statistic for mortality was above this cutoff (0.93),
with the remainder of complications having a c-statistic below
that cutoff value of 0.83. Incidence of reoperation had the
lowest Brier’s score, which was the only complication below
the threshold the authors set of <0 .01. In conclusion, the
authors suggest that the NSQIP-SRC is valuable for predicting
mortality and reoperation after hip fracture surgery in elderly
patients, but lacks the accuracy needed to predict some of the
more common complications that occur. Lack of accuracy
may be attributed to several elderly related comorbid condi-
tions that are not included within the risk calculator. Further
refinement of the calculator is needed, specifically with re-
spect to surgical patients, before it becomes a commonly used
tool for hip fracture patients [34].

Pugely et al. provide links to automated risk calculators for
predicting 30-day mortality, any complication, major compli-
cation, and minor complication in patients undergoing surgery
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for hip fractures [8]. Patient data from the NSQIP database
were used to evaluate the risk calculators. Various patient de-
mographics and comorbid conditions are included as risk fac-
tors in the calculator. Predicting risk of mortality had the
highest accuracy with a c-statistic of 0.7. All remaining out-
comes had c-statistics less than 0.7, leading the authors to
suggest that the strongest risk calculator was for predicting
mortality. For mortality, the greatest risk factors included age
> 80, male gender, decreased functional status, ASA class 3 or
4, and a history of cancer. The authors highlight that delay in
time to surgery was not an independent risk factor for in-
creased mortality, suggesting that the sickest patients are often
those delayed, and it is their morbidity rather than delay that
contributes to increased mortality rates [8].

Surgical Outcome Risk Tool, Nottingham Hip Fracture Score

Another automated risk calculator to predict 30 day postoper-
ative mortality after non-cardiac surgery is the Surgical
Outcome Risk Tool (SORT; sortsurgery.com), developed by
Protopapa et al. using the National Confidential Enquiry into
Perioperative Death (NCEPOD) data from 16,788 patents [7].
The SORT uses 6 variables: ASA-PS, urgency of surgery,
high-risk specialty, surgical severity, cancer, and age ≥
65 years. Marufu et al. used patients from the Anesthesia
Sprint Audit of Practice to validate SORT for predicting 30-
day mortality after hip fracture surgery and compared it with
the Nottingham Hip Fracture Score (NHFS) [35]. Both the
NHFS and SORT had good discrimination with c-statistics
of 0.71 and 0.70, respectively, but the SORT showed poor
calibration. Part of the weakness of the SORT is that many
of the variables remain somewhat subjective, such as surgical
severity and urgency. Nonetheless, it is an efficient tool to
predict mortality, though it requires more validation for use
with orthopedic procedures.

Edinburgh Wrist Calculator

Distal radius fractures are another injury that has gained the
attention of an automated risk calculator. Certain distal radius
fracture patterns may predispose to loss of alignment and
malunion. Predicting loss of reduction may help patients and
clinicians decide between operative and nonoperative man-
agement. The Edinburgh wrist calculator (EWC) was derived
based on the evaluation and outcomes of 4000 distal radius
fractures [36]. Luokkala et al. evaluated the EWC against
expert opinion and majority rule for 71 distal radius fractures
initially treated with closed reduction and casting [6]. The
authors evaluated patients at 6 weeks post reduction to deter-
mine if reduction was maintained or lost. They found that the
EWC had the highest accuracy (0.77%), highest sensitivity
(0.95%), and negative predictive value (0.97%). Walenkamp
et al. also evaluated the EWC for loss of distal radius fracture

alignment [37]. In contrast to the previous study that evaluated
fractures at 6 weeks, Walenkamp et al. evaluated loss of re-
duction within 2 weeks after casting. The authors determined
the sensitivity, specificity, and AUC of the EWC for
predicting loss of reduction compared with established predic-
tion criteria [36]. Out of 515 patients, the EWC had a poor
AUC (0.47), low sensitivity (1.6%), high specificity (95%),
low PPV (33%), and low NPV (38%). These results conflict
with those of the prior study, suggesting the need for further
validation of the EWC before its routine use in clinical prac-
tice. It may prove to be an easy, valuable tool for upper ex-
tremity and trauma surgeons treating distal radius fractures,
but requires additional experimentation.

Tumor

The only study available in the literature on tumor reconstruc-
tion is a study published by Slump et al. that evaluates the
NSQIP-SRC for flap reconstruction after soft tissue sarcoma
resection [38]. The authors evaluated 265 patients who
underwent either pedicle or free flap reconstruction after soft
tissue sarcoma resection on the trunk or extremities. The au-
thors found that the NSQIP-SRC underestimated the risk of
any serious complication, with statistically significant differ-
ences between predicted and observed. The AUC value for
any complication was 0.62, and the Brier’s score was 0.24,
suggesting the model is not a good predictor of complications
after flap reconstruction for soft tissue sarcoma resection. The
authors highlight that there are several factors relevant to sar-
coma resection such as site and size of tumor, adjuvant thera-
pies, and multiple procedures that are not accounted for in the
NSQIP-SRC which may lead to poor discrimination. The au-
thors suggest the NSQIP-SRC should not be used for this type
of procedure and a more disease specific calculator may pro-
vide better results [38].

Discussion

Several automated risk calculators have been developed in the
field of orthopedics. The most abundant research has been
conducted in the total joint arthroplasty and spine literature.
With the development of automated risk calculators, it is im-
portant for surgeons to understand how and when to employ
them.

Despite advances in developing and evaluating automated
risk calculators, they must be used judiciously. Risk calcula-
tors should serve as a tool to help clinical decision-making,
promote individualized medicine, and aid in the shared
decision-making process [19•]. Many of the cited studies in
this review have highlighted the shortcomings of automated
risk calculators, namely that the populations used to develop
the risk calculators may be vastly different from the
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population on which they are used [5]. When using risk cal-
culators, it is important for the physician to understand how
the calculator was developed, and discrepancies between the
population of the physician’s practice and that used to develop
the risk calculator. Literature suggests that in general, a phy-
sician’s understanding of statistical models is lacking [39, 40].
Wegworth et al. conducted a randomized study of primary
care physicians to assess their understanding of cancer screen-
ing statistics by randomizing primary care physicians into two
groups presented with different scenarios. One group was pre-
sented with a hypothetical screening test that increased early
detection and improved 5-year survival rates in cancer pa-
tients, and the other group was presented with a hypothetical
screening test that reduced mortality and increased incidence.
The latter scenario, termed relevant evidence, clearly shows a
benefit to cancer patients by reduced mortality, whereas the
former, termed irrelevant evidence, simply shows that im-
proved 5 year survival may be a function of earlier detection.
When asked if the physicians would recommend the test, 69%
presented with irrelevant evidence stated their recommenda-
tion, but only 23% presented with relevant evidence recom-
mended the screening test [40•]. Additionally, physicians were
not able to distinguish between which scenario was relevant
versus irrelevant. While cancer screening tests differ from au-
tomated risk calculators, this highlights physicians’ lack of
understanding of basic statistical modeling. Physicians should
understand the tools they are using in order to affect the most
benefit and avoid giving incorrect treatment recommenda-
tions. Similar studies should be performed regarding physi-
cians use and understanding of automated risk calculators.
Many of the studies we have cited report poor discrimination
and calibration of the investigated risk calculators. It is almost
universal that a downside of the studied risk calculator is that it
was developed with a patient population different from the
population on which it was evaluated.

Another important aspect of risk calculator use is accurate
communication of information. If used as a tool for decision-
making and informed consent, it is important that the patient
be aware of the risk calculator, the results of the calculator, and
if it has affected any decision-making to undergo a surgical
procedure. Even more important is how risk information is
communicated to the patient in order to ensure their under-
standing. Brian Zikmund-Fisher published an article on the
taxonomy of risk communication [39•]. Zikmund-Fisher em-
phasizes that risk communication methods should vary based
on why a patient desires risk information. For example, pa-
tients who only seek to know if they are “high” or “low” risk
for a procedure may not benefit from specific risk numbers or
percentages, and providing that type of information may in
fact be counterproductive. Contrarily, a patient who seeks to
reduce risk by a specific margin may benefit from a more
complex, quantitative presentation of risk. Physicians also of-
ten assume that providing detailed percentages of risk means

they are fully informing their patients, when in fact they may
not be meeting the needs of the patient by communicating the
risk in a way that most benefits the patient [41]. Different
formats for presenting risk effects each patient differently.
This concept of risk format was assessed in a prospective
study by Bodemer et al. on 1234 patients presented with hy-
pothetical scenarios about a treatment that either increased or
decreased baseline risk [42•]. One scenario presented baseline
risk in frequency format, and the other presented it in percent-
age format. The results demonstrated that patients had a much
better understanding of relative risk reduction or increase
when baseline risk was presented in frequency format.
Therefore, the dialogue between clinician and patient about
the patient’s goals regarding risk information and accurately
communicating that information may be as important as the
actual information generated by the risk calculator. If an or-
thopedic surgeon uses an automated risk calculator, he or she
should strongly consider divulging the results to the patient
and also be prepared to accurately communicate that
information.

An understanding of risk calculator development and com-
munication of risk is important, but the actual accuracy of the
risk calculator must be sound. As the literature discussed in
this review demonstrates, many of the risk calculators used in
orthopedic surgery provide only mediocre results (Tables 1, 2,
and 3). Several shortcomings still exist with most risk calcu-
lators currently used. Despite this, a number of the risk calcu-
lators discussed show promise as adjuncts to the informed
consent and decision-making process. Many of the calculators
with better discrimination and calibration were developed for
specific procedures or outcomes, further emphasizing the im-
portance of the patient population used to develop a risk cal-
culator. Broader databases with more generalized patient pop-
ulations, like the NSQP-SRC, seldom show promising results
for more specific procedures. Choosing to use a risk calculator
for clinical decision-making mandates a calculator with good
discrimination and calibration. Aside from the aforementioned
notion of communication, the calculator must be sound. At
this time, none of the calculators demonstrate outstanding re-
sults, but several are promising and could serve as valuable
tools for patient evaluation and surgical decision-making.

Conclusions

Several publicly available automated risk calculators exist in
the field of orthopedics, with the greatest number present in
spine and total joints. These calculators provide a useful tool
to guide surgeons and patients during the informed consent
and shared decision-making process. While a number of risk
calculators show promise regarding discrimination and cali-
bration, none perform well enough to be recommended as a
must-use tool for surgical decision-making. At this time, we
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recommend these calculators be used as adjuncts to surgeon
and patient judgement. An important aspect of their use re-
sides in a thorough understanding by the surgeon of how they
were developed, and tactful communication of the results to
the patient.
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