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A B S T R A C T

Background & Hypothesis: We sought to assess the reliability of 4 different shoulder arthro-

plasty 3-dimensional preoperative planning programs. Comparison was also made to man-

ual measurements conducted by 2 fellowship-trained musculoskeletal radiologists. We

hypothesized that there would be significant variation in measurements of glenoid anat-

omy affected by glenoid deformity.
Methods: A retrospective review of computed tomography (CT) scans of patients undergoing

shoulder arthroplasty was undertaken. A total of 76 computed tomographies were analyzed

for glenoid version and inclination by 4 templating software systems (VIP, Blueprint, True-

Sight, ExactechGPS). Inter-rater reliability was assessed via intra-class correlation coefficient

(ICC). For those shoulders with glenohumeral arthritis (58/76), ICC was also calculated when

sub-grouping by modifiedWalch classification. Lin’s concordance correlation coefficient was

calculated for each systemwith 2musculoskeletal-trained radiologists’ measurements.
Results: Measurements of glenoid version and inclination differed between at least 2 pro-

grams by 5�-10� in 75% and 92% of glenoids respectively, and by >10� in 18% and 45%

respectively. ICC was excellent for version but only moderate for inclination. ICC was high-

est among Walch A glenoids for both version (near excellent) and inclination (good), and

lowest among Walch D for version (near poor) and Walch B for inclination (moderate).

When measuring version, VIP had the highest concordance with manual measurement;

Blueprint had the lowest. For inclination Blueprint had the highest concordance; Exac-

techGPS had the lowest.
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Discussion & Conclusion: Despite overall high reliability for measures of glenoid version

between 4 frequently utilized shoulder arthroplasty templating softwares, this reliability is

significantly affected by glenoid deformity. The programs were overall less reliable when

measuring inclination, and a similar trend of decreasing reliability with increasing glenoid

deformity emerged that was not statistically significant. Concordance with manual mea-

surement is also variable. Further research is needed to understand how this variability

should be accounted for during shoulder arthroplasty preoperative planning.
Level of Evidence: Level III; Retrospective Comparative Study

� 2021 American Shoulder and Elbow Surgeons. Published by Elsevier Inc. All rights

reserved.

Total shoulder arthroplasty (TSA) and reverse total shoulder

arthroplasty (RTSA) are mainstays of definitive management

of both degenerative and acute shoulder conditions.2 Clinical

outcomes research in recent years has demonstrated the abil-

ity of both of these to produce long-term satisfaction and

improved quality of life in patients electing to undergo these

procedures.32 Despite their overall success, both TSA and

RTSA are subject to relatively high failure rates compared to

other common arthroplasties2,43 highlighting the need for

better approaches to avoid the most common mechanisms of

failure. Among the most common characteristics of failed

shoulder replacements are stiffness, instability, rotator cuff

deficiency, glenoid component loosening and scapular notch-

ing all of which are closely associated with glenoid compo-

nent malposition.11,14,15 Studies of glenoid component

malpositioning in TSA have linked excessive retroversion of

the glenoid component with osteolysis and loosening while

implantation of the glenoid component with a superior tilt

increases risk of secondary rotator cuff dysfunction and

worse clinical outcomes.19,41 Likewise in RTSA component

malpositioning has been demonstrated to adversely affect

both clinical and radiographic outcomes.9

Three-dimensional (3D) imaging has become increasingly

relied upon during preoperative planning in an effort to

improve component positioning in shoulder arthroplasty.5,30

This approach involves using 3D computerized tomography

(CT) reconstruction to develop preoperative plans using any of

the commercially available programs designed for shoulder

arthroplasty planning. Although these technologies are not

universally employed among shoulder arthroplasty surgeons

and currently there are no absolute indications for their use,

the new generation of both surgeons and patients living in a

more technology-laden environment coupled with the histori-

cally higher failure rates of shoulder arthroplasty previously

mentioned have led to high interest in these programs. Prelim-

inary evidence examining their potential benefit in improving

component positioning has been promising, with limited evi-

dence to the contrary.5,16,17,21,24,36,38 Conclusive data is limited

by small sample size and dearth of in vivo, clinical follow-up

data, but as these technologies become more widely available

more surgeons particularly at lower volume centers may be

able to avoid some of the pitfalls associated with component

malpositioning in shoulder arthroplasty.

Manufacturer differences with preoperative planning pro-

grams can complicate orthopedic surgeons’ understanding of

the utility of 3D planning. Recent comparisons have shown

high variability between software measurements of glenoid

version and inclination,8 while other studies have suggested

that manufacturer differences may contribute to different

clinical outcomes24. Previous studies only examined 2 of the

common preoperative planning programs and did not com-

pare the programs to human measurement. It is additionally

unclear how the accuracy of these programs is affected by

preoperative scapular deformity. Unfortunately, there is evi-

dence to suggest that the most deformed shoulders may be

the most difficult for preoperative planning programs to

assess.16,24

The purpose of this study is to assess the interrater reliabil-

ity between different preoperative planning programs and

manual measurement for shoulder arthroplasty with the

hypothesis that there will be a statistically significant degree

of variability between these modes of measurement. Primary

outcome measures include the degree of inter-software vari-

ability in CT-based measurements of glenoid version and

inclination. Secondarily we will examine whether degree of

glenoid deformity is an independent predictor of program

reliability.

Materials andmethods

The method proposed by Walter26 et al was implemented a

priori and determined a minimum sample size of 76 patients

for the 4 preoperative planning programs as “raters.” An esti-

mated underlying Intraclass Correlation Coefficient (ICC) of

at least 0.8 and minimal accepted ICC of 0.7 were used to cal-

culate the minimum sample size to provide 80% power at a =

0.05. This minimum sample size also allowed for a 10% attri-

tion rate for subjects whose imaging would not be readily

available. Shoulder CT scans for 76 consecutive patients

undergoing either TSA or RTSA with 3D preoperative plan-

ning were retrospectively obtained. Digital Imaging and Com-

munications in Medicine (DICOM) files from each scan were

uploaded to 4 different preoperative planning programs (VIP

by Arthrex, Naples, FL, USA; BluePrint by Wright Medical,

Memphis, TN, USA; TrueSight Planner by Stryker/Materialise

NV, Kalamazoo, MI, USA/Leuven, Belgium; ExactechGPS by

Exactech, Gainesville, FL, USA;). None of the CT scans demon-

strated truncation of any portion of the scapula which helped

to eliminate a potential source of differences between those

programs using landmark-based and those using automated

measurements of scapular anatomy.8 Native glenoid version

and inclination of each shoulder was then measured sepa-

rately by each program. A negative value from all modes of
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measurement corresponds to either retroversion or inferior

inclination. Two separate board-certified and fellowship-

trained musculoskeletal radiologists (MSK) blindly assessed

each glenoid for version, inclination, and modified Walch

classification1 (for glenohumeral osteoarthritis only). Radiol-

ogists were blinded from each other, the results of the preop-

erative planning programs, as well as their own results

during second pass measurements taken for intra-rater reli-

ability.

Manual glenoid measurement methodology

All manual measurements and classifications were per-

formed by 2 board-certified and MSK fellowship-trained radi-

ologists. The axial CT images of each glenoid was

reformatted into the scapular anatomic plane as described by

Zale et al42 using clinical 3Dmedical imaging software (Horos;

Nimble Co LLC d/b/a Purview in Annapolis, MD, USA). Glenoid

version was then measured using Friedman’s line as

described by Friedman et al.12,31 Glenoid inclination was mea-

sured in the scapular plane measuring angle b, the angle

between the floor of the supraspinatus and the glenoid fossa

as described by Maurer et al.28 Glenoid version and inclina-

tion were measured on selected axial and coronal slices. Axial

slice selection was determined by selecting a middle glenoid

slice inferior to the coracoid minimizing artifact and distor-

tion as described by van de Bunt et al.4 Each glenoid with

diagnosed glenohumeral osteoarthritis (OA) was then classi-

fied according to the modified Walch classification.1 When

radiologists disagreed on classification, the more reliable

radiologist’s classification was used.

Three-dimensional preoperative planning software glenoid
measurement methodologies

DICOM files for each shoulder CT were also separately

uploaded to the 4 different 3D preoperative planning pro-

grams and analyzed for native glenoid inclination and ver-

sion. Methodologies for glenoid analysis by VIP and Blueprint

have been previously described8 as has the Stryker

platform.25,30 In brief, VIP uses a midglenoid approach to digi-

tally measure glenoid inclination and version based on man-

ual identification of scapular landmarks by a trained

technician. Blueprint is an automated preoperative planning

program that creates a best-fit sphere on the face of the gle-

noid to 3-dimensionally measure version and inclination

without the need for a company technician. TrueSight

employs the definitions of scapular architecture outlined by

Frankle et al10 to measure glenoid anatomy in a landmark-

based approach similar to VIP. Inclination is measured rela-

tive to the scapular neutral inclination axis defined along

Friedman’s axis using a glenoid center calculated from the

smooth surface of the glenoid. This smooth surface is used to

create a glenoid face plane which is also used to measure ver-

sion relative to the scapular plane. ExactechGPS also employs

trained technicians and a landmark-based approach to man-

ually segment all CTs and create a scapular coordinate sys-

tem based on the Friedman axis. The axis is determined

manually via the line connecting the glenoid center and the

trigonum spinae, each of which is identified using an average

of 4 points (anterior, posterior, superior and inferior) for the

glenoid face and 3 points for the trigonum. The scapular

plane is then made by connecting this axis to the inferior

most point on the scapular border. Inclination is measured

within the scapular plane as the angle between the Friedman

axis and a line connecting the superior and inferior most

points on the glenoid. Glenoid version is then calculated as

the angle between the Friedman axis and a line connecting

the anterior and posterior most points of the glenoid face

within a plane orthogonal to the scapular plane.

Statistical analysis

Intra-rater reliability was assessed for version measure-

ments, inclination measurements and modifiedWalch classi-

fications by using a randomized blinded sample of 19 of the

shoulders included in the study. An estimated necessary

sample size for intra-rater reliability was calculated by Wal-

ter’s method39 for a = 0.05 and b = 0.20, using a minimum

acceptable intra-class correlation coefficient (ICC) of 0.7 and

an estimated underlying ICC of 0.9. Each MSK radiologist

reassessed each of these images for version, inclination and

modified Walch classification a minimum of 2 weeks from

the first assessment. Intra-rater reliability for each radiolo-

gist’s reads was calculated using a single rater, absolute

agreement, 2-way mixed effects ICC. Radiologist inter-rater

reliability for both version and inclination were likewise cal-

culated from measurements for the entire study population.

Single rater, consistency, 2-way mixed effects ICC were also

calculated for the version and inclination as measured by the

4 templating softwares to assess inter-rater reliability. ICC

was calculated across the entire dataset and for subgroups of

different Walch classes based on glenoid wear. Overall ICC

was classified by the following criteria: <0.50 indicates poor

reliability, 0.50-0.75 indicates moderate reliability, 0.75-0.90

indicates good reliability and >0.90 indicates excellent reli-

ability.22 One-way Analysis of Variance (ANOVA) was used to

compare ICC among Walch A, B, and D categories as well as

among the further stratified Walch A1, A2, B1, B2, B3, and D

cases. Threshold for statistical significance was set at P < .05.

Themeasurements made by the 2 board-certified MSK radi-

ologists were averaged for version and inclination to obtain a

single value. Lin’s concordance correlation coefficient

(CCC)26,27 using a Fisher Z-transformation was calculated for

each templating software against the MSK reads for both

inclination and version. All confidence intervals indicate 95%

confidence intervals. All statistics were conducted using R

version 3.6.0 (R Foundation for Statistical Computing, Vienna,

Austria) and JMP Pro version 14 (SAS Institutes, Cary, NC). All

figures were created using JMP.

Results

A total of 76 shoulders were included in this study, with 51

undergoing TSA and 25 undergoing RTSA. Fifty-nine of the

shoulders underwent surgery due to glenohumeral OA and

the remaining 17 were due to rotator cuff arthropathy (RCA).

All 17 RCA cases underwent RTSA and an additional 8 gleno-

humeral OA cases were indicated for RTSA instead of TSA for
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reasons including patient preference and severe glenoid

deformity with or without severe posterior subluxation of the

humeral head. The 51 shoulders undergoing TSA were all due

to glenohumeral OA. All 59 shoulders with glenohumeral OA

were classified by each MSK radiologist according to the mod-

ified Walch classification system.1 Intra-rater reliability ICC

of the 2 MSK radiologists for modified Walch classification

were 0.517 (95% CI: 0.081-0.783) and 0.791 (95% CI: 0.541-

0.913), indicating moderate and good reliability respectively.

Inter-rater reliability was measured by Cohen’s Kappa.

Between the 2 observers for Walch classification, k = 0.798

indicating substantial agreement, with observers disagreeing

on 13 out of 76 occasions (82% concordance rate). The more

reliable observer’s classification was used for these 13 cases.

Overall 21 shoulders were classified as Walch A (6 A1, 15 A2),

27 as Walch B (9 B1, 15 B2, 3 B3),1 as Walch C, and 10 as Walch

D. Further analysis by Walch classification excludes the sin-

gle Walch C glenoid.

Intra-rater reliability for the 2 MSK radiologists’ measure-

ments of glenoid version were 0.987 (95% CI: 0.966-0.995) and

0.937 (95% CI: 0.843-0.975) indicating excellent reliability.

Intra-rater reliability for the 2 MSK radiologists’ measure-

ments of glenoid inclination were 0.950 (95% CI: 0.840-0.982)

and 0.966 (95% CI: 0.915-0.987) also indicating excellent reli-

ability. Inter-rater reliability for the 2 MSK radiologists’ meas-

urements of glenoid version and inclination were 0.915 (95%

CI: 0.868-0.945) and 0.902 (95% CI: 0.850-0.937) respectively,

similarly indicating excellent reliability. For comparison to

other modalities, we averaged the measurements by the 2

radiologists for each glenoid’s version and inclination to

obtain a single value.

The average (standard deviation) overall version in degrees

for the cohort as measured by MSK radiology, VIP, Blueprint,

TrueSight and ExactechGPS was -5.3 (7.7), -8.3 (8.1), -10.9 (9.1),

-9.8 (8.0) and -10.1 (8.0), respectively. The average overall

inclination in degrees was 9.0 (6.7), 9.5 (6.0), 9.3 (8.3), 5.9 (6.0)

and 1.1 (5.8), respectively. Average version (Table I) and incli-

nation (Table II) for each modified Walch class37 (as deter-

mined by the more reliable rater) as measured by each mode

of measurement are also given. Measures of glenoid version

differed between at least 2 modes of measurement by a mini-

mum of 1� in 76 (100%) glenoids, 5� in 57 (75%) glenoids, and

10� in 14 (18%) glenoids. Measures of glenoid inclination

differed between at least 2 modes of measurement by a mini-

mum of 1� in 75 (99%) glenoids, 5� in 70 (92%) glenoids, and

10� in 34 (45%) glenoids. The full pairwise comparison of all 5

modes of measurement is also displayed for both version

(Table III) and inclination (Table IV).

The overall ICC of the 4 softwares’ glenoid version meas-

urements was 0.914 (95% CI: 0.876-.944) indicating excellent

inter-rater reliability (Table V). ICC values for comparisons by

Walch class and subclass for glenoid version measurements

across the 4 templating softwares are also presented in

Table V, with P values for all pairwise comparisons by Walch

class and subclass presented in Table VI. Walch A glenoids

(0.885; 95% CI: 0.793-0.946) trended towards greater inter-rater

reliability than Walch B (0.739; 95% CI: 0.594-0.855) (P = .085)

and showed statistically greater reliability than Walch D

(0.561; 95% CI: 0.249-0.84) (P = .002). The 4 softwares likewise

showed statistically greater inter-rater reliability when mea-

suring version of Walch B glenoids than Walch D (P = .034).

Further stratification of glenoid by modified Walch subclass

revealed additional significant differences in the inter-rater

reliability of the softwares’ measures of glenoid version

(Table VI). VIP’s measurements of glenoid version demon-

strated the highest rate of concordance with the averaged

MSK radiologist read as measured by CCC (0.810; 95% CI:

0.712-0.877), while Blueprint’s demonstrated the lowest

(0.702; 95% CI: 0.5875-0.789) (Table VII, Fig. 1).

In measuring inclination, the overall ICC of 0.705 (95% CI:

0.602-0.795) indicates moderate reliability of the 4 templating

softwares (Table V). ICC values for comparisons by Walch

class and subclass for glenoid inclination measurements

across the 4 templating softwares are also presented in

Table V, with P values for all pairwise comparisons by Walch

class and subclass presented in Table VI. Walch A glenoids

(ICC = 0.766; 95% CI: 0.610-0.884) demonstrated a higher ICC

than Walch B (ICC = 0.647; 95% CI: 0.476-0.796) and compara-

ble ICC to Walch D (ICC = 0.765; 95% CI: 0.519-0.925), and no

statistical significance was found between the 3 analyzed

Walch classes (P = .216). Further stratification of glenoids by

modified Walch subclass showed no statistically significant

differences in ICC between themeasured inclination of differ-

ent subclasses. A similar continuous correlation was seen

between the Walch A and B subclasses, however, wherein

Walch A1 glenoids demonstrated the highest ICC and B3, the

Table I – Average version (standard deviation) in degrees for eachmode of measurement by modifiedWalch class.

Walch Class MSK VIP Blueprint TrueSight ExactechGPS

A (n = 21) -2.9 (3.6) -4.3 (6.4) -7 (7.4) -6.7 (7) -6.1 (6.8)

A1 (n = 6) -3.2 (2.6) -5.3 (5.5) -6.2 (7.3) -6.8 (4.3) -10.1 (5.7)

A2 (n = 15) -2.7 (4) -4 (6.9) -7.3 (7.6) -6.6 (8) -4.5 (6.7)

B (n = 27) -9.5 (5.2) -14 (5) -16.9 (5.3) -14.6 (4.6) -15 (4.1)

B1 (n = 9) -7.4 (5.3) -12.8 (5.4) -14.9 (4.9) -13.6 (5.2) -14.1 (4.1)

B2 (n = 15) -10.2 (4.3) -15 (4.2) -18 (5.1) -15.7 (3.9) -15.8 (4)

B3 (n = 3) -12.4 (8.2) -12.2 (7.9) -17.7 (7.4) -12.3 (6.1) -13 (5)

C (n = 1) -33.5 -32.7 -38.0 -33.0 -34.1

D (n = 10) 5.9 (3) 2.1 (3.7) 0.5 (6.5) 0 (5) 0 (4.9)

RCA (n = 17) -7.6 (7.0) -8.4 (5.9) -10.9 (7.0) -10.3 (7.0) -12.1 (6.1)

Overall (n = 76) -5.3 (7.7) -8.3 (8.1) -10.9 (9.1) -9.8 (8) -10.1 (8)

MSK, musculoskeletal radiologist; RCA, Rotator cuff arthropathy.
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lowest (Table V). Of the 4 softwares Blueprint had the highest

concordance to MSK radiology as measured by CCC (0.660;

95% CI: 0.499-0.776) and ExactechGPS had the lowest (0.370;

95% CI: 0.236-0.489) (Table VII) with non-overlapping 95% con-

fidence intervals (Fig. 2).

Discussion

Three-dimensional (3D) preoperative planning may enable bet-

ter shoulder arthroplasty outcomes by facilitating the accurate

placement of the glenoid component. This study helps elucidate

this possibility by determining the interrater reliability (intra-

class correlation coefficient or ICC) among 4 different preopera-

tive planning softwares when measuring glenoid version and

inclination as well as the concordance correlation coefficient

(CCC) between each of the softwares and the averaged meas-

urements of 2 board-certified, fellowship-trained MSK radiolog-

ists. The overall ICC of the programs was determined to be

excellent when measuring version but only moderate when

measuring inclination. As hypothesized, version ICC however

was affected by the Walch class of the studied glenoids, with

the highest inter-rater reliability among Walch A glenoids

(0.885; good, near excellent), intermediate reliability among

Walch B glenoids (0.739; moderate, near good) and lowest

among Walch D (0.561; moderate, near poor). While A vs. D and

B vs. Dwere both statistically significant, the A vs. B comparison

only trended toward statistical significance (good P= 0.085).

Additionally, version ICC for the 4 studied programswas signifi-

cantly higher among certain modified Walch subclasses than

others (Table VI). CCC calculation showed that whenmeasuring

version, VIP had the highest concordance with the MSK radiolo-

gists’ measurements, while Blueprint had the lowest. Regarding

inclination, no significant differences in ICC were noted

between Walch classes or subclasses, which is not surprising

given that the classification primarily accounts for glenoid

deformity in the axial plane. Finally, CCC for inclination showed

Blueprint with the highest concordance to the MSK radiologists’

measurements and ExactechGPSwith the lowest.

Outcomes in both TSA and RTSA are highly dependent on

glenoid component positioning.9,11,15,41 Achieving component

positioning that accounts for patient anatomy and provides

satisfactory clinical outcomes similar to natural shoulder

function is not straightforward, and is limited by both pre-

and intra-operative factors. Preoperative evaluation of scapu-

lar anatomy is critical for surgical planning given the high

variability of both glenoid version and inclination.7 The

importance of appropriate preoperative evaluation is

enhanced in the deformed shoulder as degree of difficulty in

glenoid placement correlates with preoperative degree of

deformity.20 Two- and 3-dimensional CT-based imaging

modalities have proven useful to this end13 with recent evi-

dence showing improved accuracy of 3D reconstructed CTs

relative to 2D.3,18,40 Many surgeons therefore employ 3D pre-

operative planning during shoulder arthroplasty using one of

several commercially available programs. Some evidence in

recent years has shown increased accuracy of component

placement when using these programs,16,17,21,25,35 although

the evidence is not uniformly positive.8,24 Additionally, ques-

tions remain regarding the accuracy of these 3D preoperative

planning software measurements of scapular anatomy given

their different methodologies.

Our results demonstrate that, despite overall high reliability

for measures of glenoid version between the preoperative

planning programs when measuring scapular anatomy, a

more granular analysis reveals that this reliability is signifi-

cantly affected by glenoid deformity. The programs were over-

all less reliable when measuring inclination, and although a

similar trend of decreasing reliability with increasing glenoid

deformity emerged it was not statistically significant in our

sample. These findings support the previous evidence reported

by Denard et al8 which also showed that 2 programs produced

different results when measuring glenoid version and inclina-

tion. Their study reported variation in version and inclination

measures between VIP and Blueprint for a 63-patient cohort.

Results from that study demonstrated a difference in either of

those measurements by more than 10� in almost 25% of cases

and by at least 5� in more than half. Although our study only

showed a measured version or inclination difference of more

than 10� between VIP and Blueprint in just 5% of glenoids, we

similarly observed a difference of at least 5� in one of those

measurements in almost 54% of all glenoids. By comparing

discordance across twice as many preoperative platforms as

Denard et al’s previous work, our current study saw much

higher overall rates of discordance. For example, greater than

93% of all glenoids had a measured difference in inclination

Table II – Average inclination (standard deviation) in degrees for eachmode of measurement by modifiedWalch class.

Walch Class MSK VIP Blueprint TrueSight ExactechGPS

A (n = 21) 8 (7.3) 7.4 (5.3) 6.5 (9.4) 4.7 (6) 1.2 (5.9)

A1 (n = 6) 10.7 (7.1) 10.6 (3.6) 11.2 (5.9) 7.8 (4.2) 4.5 (5)

A2 (n = 15) 6.9 (7.4) 6.1 (5.5) 4.6 (10.1) 3.4 (6.2) -0.2 (5.8)

B (n = 27) 8.2 (5.8) 8.9 (4.5) 9.9 (7.2) 6.6 (5) -0.3 (5.4)

B1 (n = 9) 9.2 (6.9) 11 (4.2) 12.4 (9.2) 8 (4.9) 3.2 (5)

B2 (n = 15) 8.3 (5.1) 7.1 (4.2) 8.8 (6.4) 5.4 (5.2) -2.6 (3.9)

B3 (n = 3) 4.8 (6.1) 11.4 (3.3) 8 (3.6) 8.3 (4) 0.4 (9.1)

C (n = 1) 0.9 11.4 9.0 4.0 -3.2

D (n = 10) 12 (6.7) 12.3 (5.3) 12.8 (6.4) 7 (6.4) 4.3 (4.6)

RCA (n = 17) 10.1 (8.5) 11.3 (8.5) 9.8 (9.0) 6.2 (7.7) 1.8 (6.6)

Overall (n = 76) 9 (6.7) 9.5 (6) 9.3 (8.3) 5.9 (6.1) 1.1 (5.8)

MSK, musculoskeletal radiologist; RCA, Rotator cuff arthropathy.
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Table III – Degree of variance in measured version between all modes of measurement.

VIP vs.

BluePrint

VIP vs.

TrueSight

VIP vs.

ExactechGPS

VIP vs. MSK Blueprint vs.

TrueSight

Blueprint vs.

ExactechGPS

Blueprint vs.

MSK

TrueSight vs.

ExactechGPS

TrueSight vs.

MSK

ExactechGPS

vs. MSK

1-5� 45 (59%) 46 (61%) 53 (70%) 42 (55%) 45 (59%) 46 (61%) 30 (39%) 54 (71%) 37 (49%) 32 (42%)

5�<x<10� 21 (28%) 11 (14%) 11 (14%) 19 (25%) 12 (16%) 15 (20%) 36 (47%) 9 (12%) 29 (38%) 29 (38%)

>10 0 (0%) 1 (1%) 0 (0%) 3 (4%) 0 (0%) 1 (1%) 7 (9%) 1 (1%) 5 (7%) 5 (7%)

MSK, musculoskeletal radiologist.

Table IV – Degree of variance in measured inclination between all modes of measurement.

VIP vs.

BluePrint

VIP vs.

TrueSight

VIP vs.

ExactechGPS

VIP vs. MSK Blueprint vs.

TrueSight

Blueprint vs.

ExactechGPS

Blueprint vs.

MSK

TrueSight vs.

ExactechGPS

TrueSight vs.

MSK

ExactechGPS

vs. MSK

1-5� 46 (61%) 43 (57%) 27 (36%) 34 (45%) 41 (54%) 23 (30%) 38 (50%) 41 (54%) 43 (57%) 23 (30%)

5�<x<10� 16 (21%) 21 (28%) 31 (41%) 30 (39%) 21 (28%) 29 (38%) 29 (38%) 18 (24%) 17 (22%) 33 (43%)

>10 4 (5%) 1 (1%) 13 (17%) 4 (5%) 8 (11%) 17 (22%) 3 (4%) 4 (5%) 7 (9%) 14 (18%)

MSK, musculoskeletal radiologist.
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alone between the 4 platforms of at least 5�. Denard et al did

show higher rates (63.6%) of discordant measurements

between the 2 studied programs among those CTs assessed to

be “unclean” (i.e. with extra bony fragments) by Blueprint

reconstruction. The researchers therefore posited that auto-

mated vs. manual identification of scapular landmarks may be

a primary contributor to cross-platform differences. In the

present study, however, differences between those 2 platforms

may have been mitigated by complete scans in all 76 cases.

None of the studied CTs demonstrated inferior or medial trun-

cation of the scapula which may impact manual and auto-

mated scapular measurements differently. Nonetheless we

still saw inter-rater reliability varying with glenoid morphol-

ogy with better concordance toMSK radiologist measurements

when measuring inclination with an automated system (Blue-

print) vs. better concordance when measuring version with a

landmark-based system (VIP).

Shah et al’s 2019 study34 comparing glenoid measurements

from both an automated and a manual program to precision

measurements on 3D-printed replicas of the scapular CTs

similarly showed high rates of variability between the 2 dif-

ferent methods. Authors of this study suggested 5 primary

contributors to this variability that largely fall into 2 catego-

ries: differences in program technique (e.g. circular inferior

glenoid plane vs. maximum circular plane) and differences in

glenohumeral pathology (e.g. glenoid morphology). There is

well documented significant variability of radiologists’ meas-

urements of glenoid version and inclination.18,23,31,33 Labral

calcifications, small osteophytes on the glenoid rim, and CT

artifacts can alter a radiologists’ choice to draw the line repre-

senting the anterior and posterior corners of the glenoid.4 The

decision to include or not include an osteophyte can signifi-

cantly alter one’s measurement of glenoid version, and there

is limited discussion in previously published methods on

determining if or how much of an osteophyte to include in a

measurement. At our radiologists’ institution, radiologists

attempt to follow a well-defined glenoid cortex to estimate

the glenoid corners in the presence of large or bulky osteo-

phytes to minimize measurement variability due to osteo-

phytes. The ability to exclude osteophytes is an advantage of

measurements using 2D CT rather than measurements using

3D volumetric models, although this advantage is likely offset

due to variability in slice selection on 2D CT. Further study to

quantify this variability is needed. While our findings sub-

stantiate their suggestion that anatomic elements such as

glenoid morphology may contribute to variability between

preoperative planning programs, we similarly offer these

findings not to endorse a particular methodology, but rather

to help inform clinical decision making with an acknowledge-

ment of the benefits these programs provide.29

Additionally, our findings suggest that program reliability

varies with the degree of glenoid deformity with cross-plat-

form reliability decreasing in a near gradient-like fashion

from Walch A to D when measuring version. These findings

are in contrast to Denard et al8 who saw similar rates of 5� or
more variation across Walch classes, although they did not

report 10�+ variation rates for this analysis. Authors of that

study acknowledged however that conclusions regarding this

outcome measure are limited by their relatively small sample

size. Chalmers et al however previously showed that B2

Table V – Intra-class correlation coefficient (ICC) for mea-
surement of glenoid version and inclination among 4
observed PSI preoperative planning softwares.

Intra-Class Correlation Coefficient (ICC)

Version Inclination

Overall (n = 76) 0.914 0.705

Walch Class

Walch A (n = 21) 0.885 0.766

Walch A1 (n = 6) 0.828 0.754

Walch A2 (n = 15) 0.940 0.738

Walch B (n = 27) 0.739 0.647

Walch B1 (n = 9) 0.762 0.682

Walch B2 (n = 15) 0.646 0.585

Walch B3 (n = 3) 0.935 0.579

Walch D (n = 10) 0.561 0.765

<0.5 is considered poor reliability; 0.5<moderate<0.75; 0.75< good

<0.90; 0.90< excellent.

Table VI – Pairwise comparison of version and inclina-
tion inter-rater reliability (ICC) by Walch class and sub-
class among 4 preoperative planning software programs.

Version Inclination

Walch class ICC D P value ICC D P value

A-B 0.146 .0851 0.119 .1147

A-D 0.324 .0006* 0.001 .9998

B-D 0.178 .0345* -0.118 .1182

Walch Sub-Class ICC D P value ICC D P value

A1-A2 0.112 .5686 0.016 1.0000

A1-B1 0.066 .9202 0.072 .9729

A1-B2 0.182 .1122 0.169 .5050

A1-B3 0.107 .6143 0.175 .4677

A1-D 0.267 .0068* -0.011 1.0000

A2-B1 0.178 .1258 0.056 .9911

A2-B2 0.294 .0026* 0.153 .6074

A2-B3 0.005 1.0000 0.159 .5688

A2-D 0.379 .0001* -0.027 .9997

B1-B2 0.116 .5322 0.097 .9089

B1-B3 0.173 .1448 0.103 .8861

B1-D 0.201 .0632 -0.083 .9508

B2-B3 0.289 .0031* 0.006 1.0000

B2-D 0.085 .8026 -0.18 .4373

B3-D 0.374 .0001* -0.186 .4021

ICC, inter-rater reliability.

* Indicates P < 0.05.

Table VII – Concordance correlation coefficient (CCC) for
4 preoperative planning softwares measurements of gle-
noid version and inclination as compared to fellowship-
trainedmusculoskeletal radiologists.

Concordance Correlation Coefficient (CCC)

Program Version Inclination

VIP 0.810 0.476

Blueprint 0.702 0.660

TrueSight 0.749 0.540

ExactechGPS 0.733 0.370
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glenoids require specific consideration during CT measure-

ment especially of version.6 Although our study only showed

a trend toward significance in version ICC between Walch A

and Walch B glenoids at the class level (P = .085), there were

significant differences that became apparent when stratifying

by subclass, particularly among the Walch A2 vs. Walch B2

which were our largest sample size sub-groups. This finding

likely highlights the inherent difficulty in determining which

scapular landmarks remain pertinent for planning compo-

nent positioning in the B2 glenoid. The biconcave deformity

of this subclass presents a unique challenge in deciding

whether to include landmarks from the neoglenoid,

Figure 1 –Concordance correlation coefficients (CCC) with 95% confidence intervals for all 4 programs’ measures of version as

compared to 2 musculoskeletal-trained radiologists. CCC (concordance correlation coefficient).

Figure 2 –Concordance correlation coefficients (CCC) with 95% confidence intervals for all 4 programs’ measures of inclination

as compared to 2 musculoskeletal-trained radiologists. CCC (concordance correlation coefficient).

ARTICLE IN PRESS
8 S E M I N A R S I N A R T H R O P L A S T Y 0 0 ( 2 0 2 1 ) 1 �1 1

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by 
Elsevier on March 02, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.



paleoglenoid, or both when measuring version, and thus may

be variably interpreted by all modes of measurement. This

same logic may explain the consistently and significantly

lower inter-rater reliability when measuring version among

Walch D glenoids whereby anterior subluxation and the

resultant asymmetric wear pattern leading to an anteverted

biconcavity is inconsistently handled by different planning

program methodologies. Bercik et al1 originally considered

differentiating D1 and D2 subtypes based on the presence or

absence of an anteverted biconcavity, and it stands to reason

that the same challenges present in the B2 glenoid may be

present in the D glenoid cohort evaluated in this study. This

may indicate that the programs and technicians need modifi-

cation to specifically account for glenoid anteversion and

anterior humeral head subluxation.

This study is not without limitations. Although this study

was adequately powered to yield several statistically signifi-

cant findings, conclusions for our secondary outcome meas-

ures were limited by subgroup sizes. While our results did

show several significant differences between modified Walch

sub-classes, perhaps larger sample sizes would have revealed

additional meaningful differences between other sub-classes.

Additionally, the datasets were reformatted into the scapular

plane with selected axial and coronal slices for glenoid and

version measurement before being sent to the radiologists for

measurements, matching the institution’s workflow, which

likely contributed to the high inter-rater and intra-rater reli-

ability. If selected slices were not used, radiologists’’ mea-

surement variability would be expected to increase. It is also

worth noting that while we elected to use radiologist mea-

surement of glenoid anatomy as a comparator for the ICC

analysis, this decision was made simply because this is 1 his-

torical standard of measuring glenoid anatomy and not nec-

essarily superior to other methods. Finally, we did not

examine surgical or clinical outcomes for any patients and

additional research is needed to better understand how the

observed program variability affects meaningful outcomes.

Despite these limitations there are many strengths to the cur-

rent study as well. Ours is the largest sample size to date and

is appropriately powered for a reliability study based on a pri-

ori minimum sample size estimation. Additionally, while

most previous quantitative research has examined 1-2 preop-

erative planning programs, this study is the first to evaluate

and directly compare 4 frequently used programs. This is also

the only study to our knowledge to include a manual mea-

surement comparator with inclusion of both inter- and intra-

rater reliability. Finally, the current study significantly

expands upon previous findings for both variability in meas-

urements among programs and increasing variability with

worsening glenoid deformity.

Conclusions

This study revealed significant differences among 4 CT-based

preoperative planning software programs when measuring

glenoid anatomy. Overall, the software inter-rater reliability

as measured by intra-class correlation coefficient (ICC) was

lower when measuring inclination in all shoulders and when

measuring both version and inclination in shoulders with

more glenoid erosion. Rates of concordance between each

program and MSK fellowship-trained radiologists as mea-

sured by Lin’s concordance correlation coefficient (CCC) also

showed variable concordance between programs. Further

research is needed to better understand how this variability

should be accounted for during preoperative planning for

shoulder arthroplasty.
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