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Prevalence and Clinical Impact of Incidental
Findings on Preoperative 3D Planning Computed
Tomography for Total Shoulder Arthroplasty

ABSTRACT

Introduction: 3D planning software for shoulder arthroplasty recently

emerged for aiding in intraoperative determination of native glenoid.

These protocols often require increased scan resolution, however,

raising the question of an increased prevalence and clinical impact of

incidental findings (IFs) from preoperative imaging.

Methods: A retrospective review of preoperative shoulder CT reports

was conducted for 333 consecutive patients planning anatomic or

reverse total shoulder arthroplasties. Patientswith thin-slicedCT scans

(1.25 mm) were compared with those with standard CT scans

(2.5 mm). Poisson regression was performed with baseline

characteristics and potentially pathologic IFs (PPIFs).

Results: IFs were present in 131 of the 333 scans (39.3%), and 38 of

the 333 scans (11.4%) included PPIFs. Only 8 of the 333 scans (2.4%)

required workup, with 2 of the 333 (0.6%) leading to new cancer

diagnoses. Thin-slicedCTscansdetected ahighermeannumber of IFs

(1.12 versus 0.22, P , 0.001) while the mean number of PPIFs

remained similar (0.13 versus 0.10, P = 0.43).

Conclusion: IFs are frequent; however, only 0.6% scans led to new

cancer diagnoses. Comparison of thin-sliced with standard CT scans

revealed a higher frequency of IFs but similar PPIFs, indicating increased

burden of IFs without the benefit of identifying additional malignancies.

As demand rises for shoulder arthroplasties, surgeons should consider

the potential hidden costs of IFs when using 3D planning programs.

CT of the shoulder is important in the preoperative assessment of gle-
noid morphology in anatomic total shoulder arthroplasties (aTSAs)
and reverse shoulder arthroplasties (rTSAs).1,2 The volume of pre-

operative CT scans is likely to rise as demand for aTSAs and rTSAs in-
creases,3-5 especially with the development of 3D planning software, which is
of current industry interest and evaluation.6 3D planning software has
recently emerged, specifically to help with difficulty in intraoperative
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determination of native glenoid positioning secondary to
variability of bony morphology.7 Furthermore, 3D
imaging and templating for shoulder arthroplasty pro-
vides information to the surgeon that allows for more
accuracy and less variable decision making at the time of
surgery.8,9 3D planning software also plays a critical role
in clinical decision making such as implant selection6 and
achieving a desired implant position with10 or without
patient-specific instrumentation.11 A typical CT scan
protocol for 3D planning calls for a thinner slice thickness
of 1.25 mm, which is more refined compared with typical
scans which are 2.5 mm thick.12 The unintended conse-
quence of higher volumes and increased resolution of
imaging associated with all the various 3D planning
software’s protocols is the clinical and financial effect of
their associated incidental findings (IFs).

IFs have grown with increased utilization of high-
resolution imaging over the years, presenting mount-
ing challenges for providers and patients over the
question of management and counseling.13 These im-
plications are broad, ranging from changes in disease
incidence to increased utilization of resources.13,14 A
survey of orthopaedic surgeons found that 96% of
respondents reported practicing defensive medicine.15

Although IFs can lead to diagnosis and treatment for
certain patients, the physical and emotional harms of
the clinical workup cascade that follows must also be
considered.16,17

IFs have already been characterized across various
organ systems and imaging modalities.18-20 Of note, a
recent study found that the highest percentage of IFs were
found on chest CT, which holds relevance for imaging of
the shoulder, and there exists a paucity of studies on IFs
in joint imaging.21 A recent study reported IFs in 45.7%
of preoperative images for total hip and knee arthro-
plasties,22 leaving incidentalomas in preoperative shoul-
der imaging a gap in knowledge to be pursued.

Thepurposeof this studywas to elucidate theprevalence
and clinical impact of IFs noted on preoperative CT imag-
ing used in 3Dplanningusing thinner slices versus standard
CT imaging thickness slices for aTSAs and rTSAs. Specifi-
cally, we sought to identify the most common IFs and
investigate the clinical course associated with each finding
and the need for additional testing or delay in surgery.

Methods
Incidental Finding Categorization
To minimize variation in classification, the definition of
“incidental finding” and various subgroup terminolo-

gies follows previously published literature.23,24 An IF is
defined as any observation in the final clinical imaging
report that does not pertain to the glenohumeral joint or
acromioclavicular joint. Similar to previous studies,
nonpathological anatomic variations, postsurgical
changes, and contralateral shoulder observations on
scout images are excluded.22,23

IFswere further categorized as either asymptomatic or
potentially pathologic. Asymptomatic IFs are defined as
IFswhich are considered benign and donotmention need
for follow-up in the radiology report.25,26 Potentially
pathologic IFs (PPIFs) were defined as any finding that
could represent malignancy or otherwise require addi-
tional clinical workup. All reports in which the radiol-
ogist discusses pathologic consideration and a need for
follow-up were considered PPIFs. The actual clinical
impact of all PPIFs was assessed by a review of medical
records for clinical workup prompted by PPIFs,
including imaging studies, consultations, laboratory
testing, biopsies, surgical procedures, or other diag-
nostic procedures.

Data Source #1: Institutional Data
IRB approval was granted by New England Baptist
Hospital before the beginning of this study. This retro-
spective chart review study comprised 333 consecutive
patients identified from a single surgeon’s radiology
database (G.R.). Patients undergoing a preoperative
shoulder CT scan between January 2013 and December
2019 were included, regardless of whether they ulti-
mately received aTSA or rTSA. Revision procedures
were excluded to avoid duplication of data. Preopera-
tive shoulder CT reports were reviewed for IFs and
classified according to the abovementioned definitions.
Both institutional records and external primary care
physician records were obtained for follow-up analysis
on PPIFs, dating from the time of preoperative imaging
through June 2020 to ensure at least six months of
follow-up time. These records comprised office visits,
surgical notes, laboratory reports, and imaging reports.
Records were deemed inaccessible if at least four at-
tempts were made to contact multiple primary care
physician offices, third party record departments, and
the patient for their records, until all points of contact
were exhausted.

Statistical Methods
Demographic variables at baseline including patient age;
sex; type of planned shoulder arthroplasty; smoking
status; BMI more than 30; and medical history including
diabetes mellitus, hypertension, cardiovascular disease,
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cancer, renal disease, COPD, and liver disease are sum-
marized in Table 1. Patients were further divided into
two groups according to CT slice thickness: standard
(2.5 mm) or thin (1.25 mm). Descriptive statistics for
these groups are presented in Table 2. The presence and
total number of IFs and PPIFs were tabulated and cat-
egorized in Table 3.

Regression analysis was conducted using a Poisson
model, initially including all demographic variables as
predictor variables and PPIF count as the outcome vari-
able. In subsequent models, nonstatistically significant
predictor variables were removed in order of the highest
P-value until only significant variables were left in the
final model. Age and sex variables were included for the
purpose of interest and comparison. All analyses were
conducted in SPSS V26.0, and statistical significance
was set at 0.05.

Results
Baseline Characteristics
A total of 333 preoperative shoulder CT scans were
included in this study. Most of the CT scans were ob-
tained in preparation for aTSA in 292 of the 333 cases
(87.7%), with the remaining 41 of the 333 cases (12.3%)
for rTSA.Most patientsweremale at 191of the 333 cases
(57.4%), and 142 of the 333 cases (42.6%) were female.
Themean age of patientswas 66.2 years (range 42 to 88).
There were 143 CT scans of 2.5 mm thickness and 190
scans of 1.25 mm thickness. Baseline characteristics
comparison is summarized in Table 2.

Frequency of Incidental Findings
Of the 333 shoulder CT scans, 131 (39.3%) reported at
least one IF. Of those, 38 reports contained PPIFs,

Table 1. Baseline Demographics Overall

Demographic Variable N (%)

Patients 333

Operation (aTSA/rTSA) 292/41

Age (y), mean 6 SD 66.2 6 8.9

Male sex 191 (57)

BMI . 30 116 (35)

Current smoker 15 (5)

Diabetes mellitus 41 (12)

Hypertension 125 (38)

History of cardiovascular disease 64 (19)

History of cancer 64 (19)

aTSA = anatomic total shoulder arthroplasty; rSTA = reverse shoulder arthroplasty

Table 2. Baseline Demographics in Thin and Standard CT scans

Parameter N

CT slice thickness

PStandard (2.5 mm) Thin (1.25 mm)

Sex

Male 191 58.0% 56.8% 0.827

Female 142 42.0% 43.2%

Diabetes 41 11.9% 12.6% 0.838

Hypertension 124 38.5% 36.3% 0.688

Current smoker 15 1.4% 6.8% 0.018

BMI .30 116 32.2% 36.8% 0.376

History of cancer 64 24.5% 15.3% 0.035

History of cardiovascular disease 68 14.0% 25.3% 0.012

Age (mean, 95% CI) 64.7 (63.3-66.2) 67.2 (66.0-68.5) 0.011
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comprising 38 of all the 333 shoulder CT scans (11.4%) .
Toaccount for reports with multiple IFs, the frequency of
IFs was totaled at 243, with 206 of the 243 (84.8%)
classified as asymptomatic IFs and 38 of the 243 (15.6%)
classified as PPIFs. The mean number of IFs in thin-sliced
CT scans was significantly higher than that in thick-sliced
CT scans, at 1.12 versus 0.22, P , 0.001. The mean
number of PPIFs, however, was not significantly different
between the two groups (0.13 versus 0.10, P = 0.434,
Table 4) for thin and thick-sliced CT scans, respectively.

Most IFs were pulmonary findings in 131 of the 243
cases (53.9%) and degenerative skeletal changes findings
that did not pertain to the glenohumeral joint or acro-
mioclavicular joint in 53 of the 243 IFs (20.0%). The re-
maining findings were cardiovascular in 40 of the 243
cases (16.5%), thyroid in 10 of the 243 cases (4.1%),
lymph in 8 of the 243 cases (3.3%), and breast in 1 of the
243 cases (0.4%). The most common types of PPIFs were
pulmonary nodules, which accounted for 20 of the 38
PPIFs (52.6%). Other pulmonary pathologies included ill-
definedopacities of concern for infectious or inflammatory
pathologies contributing to 11 of the 38 PPIFs (28.9%).

The remaining PPIFs comprised three enlarged lymph no-
des (7.9%), two thyroid nodules (5.2%), one breast tissue
density (2.6%), and one intramedullary density (2.6%).

Actual Clinical Impact
Of the 38 PPIF cases, four were excluded secondary to
inaccessible primary care physician records. Of the 34
PPIFs with accessible primary care records, only eight
PPIFs (8/34, 23.5%) documented follow-up prompted
exclusively by the preoperative shoulder CT.Of the eight
PPIFs, four were found in the thin CT group and four in
the thick CT group. The remaining PPIFs were already
under observation, under routine lung cancer screening,
or otherwise not noted to have any effect on the clinical
course. The clinically impactful PPIFs included four
pulmonary nodules, two lung consolidations, one
enlarged lymph node, and one humeral intramedullary
lesion. All eight cases required additional imaging,
including a total of two chest radiographs, eight chest CT
scans, one neck CT scan, and one shoulder MRI scan.
Because of follow-up, two cases led to new cancer diag-
noses; one case was investigated for possible chronic

Table 4. Number of Incidental Findings on Thin Versus Standard Thickness CT scans

Mean number of IFs

N Mean

95% Confidence Interval for Mean

PLower Bound Upper Bound

Standard (2.5 mm) 143 0.22 0.13 0.30 ,0.001

Thin (1.25 mm) 190 1.12 0.93 1.30

Mean number of PPIFs

N Mean

95% Confidence Interval for Mean

P-valueLower Bound Upper Bound

Standard (2.5 mm) 143 0.10 0.05 0.15 0.434

Thin (1.25 mm) 190 0.13 0.08 0.18

PPIF = potentially pathologic IF

Table 3. IFs and PPIFs by Category

IF Category Number of IFs (%) Number of PPIFs (%)

Pulmonary 131 (53.9%) 31 (81.6%)

Skeletal 53 (20.0%) 1 (0.4%)

Cardiovascular 40 (16.5%) 0 (0%)

Thyroid 10 (4.1%) 2 (5.3%)

Lymph 8 (3.3%) 3 (7.9%)

Breast 1 (0.4%) 1 (0.4%)

Total 243 (100%) 38 (100%)

IF = incidental finding; PPIF = potentially pathologic IF
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infectious bronchiolitis; and the remainder of the PPIFs
were ruled benign with no additional workup. The two
cases of cancer both received additional imaging, con-
sultations, biopsy, and surgery, leading to diagnosis of
lung adenocarcinoma and additional treatment. One of
these cases experienced a delay in shoulder arthroplasty,
but after receiving clearance from the pulmonologist, the
patient successfully completed their TSA.Nodeathswere
recorded over the course of follow-up in this study.

Regression Analysis
In the analysis of PPIFs, current smoking status (IRR =
3.95, P = 0.005) was significantly associated with higher
risk for increasing PPIFs. This corresponds with the fact
that 31 of the 38 PPIFs (81.6%) were pulmonary, and
smoking has long been an established risk factor for
pulmonary conditions such as lung cancer.25 The
association of smoking with higher likelihood of PPIFs
has also been identified in a study by Orme et al.24

Discussion
Our results indicate that IFs are frequent, with 39.3% of
the shoulder CT scans (131/333) reporting IFs; however,
potentially pathologic findings were only found in 11.4%
of the reports (38/333), and 0.6% (2/333) led to a new
cancer diagnosis. The typical CT scan protocol for 3D
planning calls for thinner slice thickness (1.25mm),which
is more refined compared with typical scans which are
2.5 mm thick.12 Thin-sliced CT scans detected higher
frequencies of IFs than standard CT scans, but the fre-
quency of PPIFs did not differ between the groups.
Furthermore, there is an indirect clinical impact on the
patient. The daunting responsibilities of a clinical workup
that follow indeterminate findings can take a physical
and emotional drain on the patient. Overall, our results
demonstrate the clinical burden of IF management seen
with the increased resolution imaging associated with all
3D planning software’s protocols without an added
benefit of detecting additional malignancy.

The results of our study combined with the growing
trajectory of shoulder arthroplasty volumes and
increased use of 3D planning software suggest that IFs,
and thus associated clinical burden, are likely to increase.
Olaiya et al27 noted that there is a lack of studies on
clinical parameters of 3D planning, such as time or cost,
and another study demonstrated wide variability in total
shoulder arthroplasty planning software measurements
compared with a control CT-derived 3D-printed scap-
ula.28 Although there is currently not enough evidence

to support the use of 3D planning software over 2D CT
planning, there is potential in its utility for complex
cases and revisions, as well as for surgeons in training or
with limited experience.6,27 Our study sheds light on the
potential hidden costs and clinical impact of IFs, espe-
cially using 3D planning CT protocols.

It is important to consider that the management of IFs
encompasses a wide variety of factors and is not limited
to purely procedural workup costs. Radiology report
recommendations phrased as“correlate clinically” or “if
patient is high risk, follow up,”29 require additional
investigation and time to reach a decision based on
patient history and the provider’s and patient’s unique
tolerance of risk. Even when a report does not yield
substantial findings, repeat imaging may be recom-
mended to assess for stability, subjecting the patient to
additional uncertainty and turmoil. Hence, emotional
burden must also be considered. From the patient’s
perspective, the responsibilities of a clinical workup that
follow indeterminate findings can take a physical and
emotional drain because diagnostic procedures can
comprise radiation, invasive procedures, or other
harmful exposures that may offset the benefit.16,17

Preoperative imaging can provide valuable information
to the surgeon for planning arthroplasty, and it is under-
standably frustrating for patients and providers tomanage
unexpected, usually benign IFs. Although identification of
malignancieswas infrequent in this study, it is important to
avoid hindsight bias and acknowledge the reality of
uncertainty under most circumstances. In considering the
results of this study, surgeons may find it useful to pay
particular attention to patients with pulmonary findings
because these were the most common types of IFs and the
most concerning for potential malignancy and warrant
additional follow-up. Surgeons should also be aware that
increased scan resolution in 3D planning can hold unin-
tended consequences in detecting additional IFs because
resolution is especially substantial for small-volume struc-
tures such as lung nodules.31 At the same time, a notable
limitation of our study was that there were baseline
characteristics differences between the two groups of
comparison, which may be a confounding variable. There
was no difference in PPIFs between the groups, however,
thus mitigating concern for confounding.

There were other limitations to this study. First, the
exclusion of unattainable primary care physician records
decreased the sample size for PPIF and clinical impact
investigation. However, only four PPIFs (4/38, 10.5%)
were excluded after at least four attempts at attaining
information and through all possible avenues of com-
munication before ceasing. Another limitation is that our
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study did not analyze CT scans thinner than 1.25 mm,
whereas the thinnest slices in 3D planning protocols are
around 0.625 mm.12 Finally, we did not quantify the
emotional or psychological burden of IFs, which may
add to the social burden and could be an area of future
research.

Conclusion
This study investigates the prevalence, clinical impact, and
cost of IFs on preoperative shoulder CT. Although IFs
were frequent in the evaluation of preoperative shoulder
CT scans, only 0.6% (2/333 scans) led to a new cancer
diagnosis. Comparison of thin-sliced CT scans associated
with 3D planning software with standard CT scans
revealed a higher frequency of IFs but similar frequency of
PPIFs, indicating that there is increased burden of IFs
without the benefit of identifying additionalmalignancies.
In the context of rising demand for shoulder arthroplasties
and 3D planning programs, surgeons should be aware of
the potential hidden costs and clinical impact of IFs.
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