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Patient-specific planning in

shoulder arthroplasty

INFLUENCING THE LEARNING CURVE FOR ASSESSMENT OF THE
GLENOID AND SURGICAL PLANNING

Aims

Patient-specific instrumentation has been shown to increase a surgeon’s precision and
accuracy in placing the glenoid component in shoulder arthroplasty. There is, however,
little available information about the use of patient-specific planning (PSP) tools for this
operation. It is not known how these tools alter the decision-making patterns of shoulder
surgeons. The aim of this study was to investigate whether PSP, when compared with the
use of plain radiographs or select static CT images, influences the understanding of glenoid

pathology and surgical planning.

Methods

A case-based survey presented surgeons with a patient’s history, physical examination,
and, sequentially, radiographs, select static CT images, and PSP with a 3D imaging pro-
gram. For each imaging modality, the surgeons were asked to identify the Walch classifica-
tion of the glenoid and to propose the surgical treatment. The participating surgeons were
grouped according to the annual volume of shoulder arthroplasties that they undertook,
and responses were compared with the recommendations of two experts.

Results

A total of 59 surgeons completed the survey. For all surgeons, the use of the PSP signifi-
cantly increased agreement with the experts in glenoid classification (x> = 8.54; p = 0.014)
and surgical planning (x? = 37.91; p < 0.001). The additional information provided by the
PSP also showed a significantly higher impact on surgical decision-making for surgeons
who undertake fewer than ten shoulder arthroplasties annually (p = 0.017).

Conclusions

The information provided by PSP has the greatest impact on the surgical decision-making
of low volume surgeons (those who perform fewer than ten shoulder arthroplasties an-
nually), and PSP brings all surgeons in to closer agreement with the recommendations of
experts for glenoid classification and surgical planning.

Cite this article: Bone Joint J 2020;102-B(3):365-370.

Introduction

According to the Agency of Healthcare Research
and Quality, 53,000 shoulder arthroplasties
were performed in the USA in 2011." By 2020,
this figure is projected to rise above 160,000.
Currently, the annual rate of growth for total
shoulder arthroplasty (TSA) is 13%.>* Compar-
atively, these rates for total hip (THA) and knee
arthroplasty (TKA) have been 4.5% and 7%,
respectively.* Cram et al* showed that the rate of
THA and TKA is reaching a plateau; however,
the rate of shoulder arthroplasty is expected to
continue to increase.’

It has been shown that achieving reliable
outcomes in shoulder arthroplasty involves a
steep learning curve.>® Riedel et al® found that
the learning curve for the technical aspects of
reverse shoulder arthroplasty (RSA) was 18
cases. Kempton et al,> however, performed a
complication-based study for RSA and found the
learning curve to be 40 cases. The local complica-
tion rate was higher for the first 40 cases (23.1%)
compared with that of the following 160 cases
(6.5%). As expected, there is a direct correla-
tion between surgical volume and outcomes,
with higher-volume surgeons having lower
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Fig. 1

The patient is an 83-year-old, right hand dominant, female,who has chronic right shoulder pain. Shecan actively forward elevate 90°, externally
rotate to neutral and internally rotate to her buttock. She has good rotator cuff strength. a) select static CT images and 3D reconstruction, and b) 3D
rendering of the glenoid anatomy showing humeral head subluxation. Retroversion: 33°; Superior inclination: 15°; Posterior subluxation: 89%.

complication rates.”® Weinheimer et al’ undertook a systematic
review of shoulder surgery and defined low-volume shoulder
arthroplasty surgeons as those performing fewer than five
arthroplasties per year. These surgeons had increased complica-
tions, length of stay, operating time, and cost.

In the USA, 78% of surgeons who undertake shoulder
arthroplasty perform only one or two arthroplasties annu-
ally, and only 3% of these surgeons perform more than
ten arthroplasties annually.'® As the popularity of TSA and
RSA continues to increase, more low-volume surgeons are
expected to be performing these procedures.

Matsen et al'' reported that failures of the glenoid component
are often due to failures in seating or fixing it, and the manage-
ment of eccentric loading. Understanding the anatomy of the
glenoid and these modes of failure can minimize complications
after shoulder arthroplasty. A set of tools which help to improve
a surgeon’s understanding of shoulder pathology might affect
the learning curve, help to avoid surgical errors, and improve
outcomes after shoulder arthroplasty.

The aim of this study was to assess the influence of patient-
specific planning (PSP) on glenoid classification and surgical
planning for shoulder arthroplasty. We hypothesized that PSP
would significantly improve a surgeon’s understanding of the
glenoid morphology and surgical plan.

Methods

A case-based survey was created to assess surgical planning for
shoulder arthroplasty. For each case, a brief history, physical
examination, and one of three imaging methods were provided
in sequence. The imaging methods were plain radiographs with
the standard anteroposterior and axillary views, select static CT
images, and PSP with a 3D imaging program (Figure 1). On the
CT scans, retroversion of the glenoid was presented using the
Friedman Method (Figure 2).'? Specific preselected CT cuts and
corresponding measurements were provided for consistency.
PSP was performed using an imaging program which provides a
3D reconstruction of the glenoid and corrected axial 2D images
that are in the plane of the scapula. These images allow for more
accurate assessment of glenoid version and humeral sublux-
ation."” The software provided the exact version of the glenoid
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Fig. 2

Axial CT with Friedman Method'? of a 75-year-old, right-hand dominant
female with chronic right shoulder pain. She could actively forward
elevate to 80°, externally rotate to neutral, and internally rotate to

her buttock. The Friedman method was used to calculate glenoid
retroversion. Using a 2D CT, the transverse axis of the scapula is
determined by a line drawn from the mid-point of the glenoid fossa
to the medial edge of the scapula. The line drawn perpendicular to
the transverse axis is defined as the line of neutral version. In order
to calculate glenoid version, a line is drawn between its anterior and
posterior margins. The angle between the line of neutral version and
the line connecting the anterior and posterior margins determines the
version, showing retroversion of 9.8°.

and the percentage subluxation of the humeral head relative to
the centre of the glenoid and the axis of the body of the scapula.

For every case, the three imaging methods were presented in
the same sequence, first the radiographs, then the CT, and finally
the PSP. With the presentation of each modality, the following
questions were asked: “What is the Walch classification for this
glenoid?”'*1¢ (Table I) and “What type of arthroplasty would
you perform?” (Table II). The survey was created so that the
respondent would not be able to modify their previous answers.

An online questionnaire service was made available to
shoulder surgeons of varying levels of experience. The
following demographic information was asked of them: age,
sex, years of practice since completion of residency, number of
shoulder arthroplasties performed annually, and fellowship(s)
completed. The surgeons were grouped according to their
surgical volume. Group 1 performed more than 40 arthroplasties
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Table I. Survey options for identification of the Walch glenoid
classification.

“What is the Walch classification for this glenoid?”
A1

A2

B1

B2

B3

C

D

: Unable to Classify

:N/A

© oo Noa RN

Table Il. Survey options for identification of the optimal surgical
treatment.

“What type of arthroplasty would you perform?”

1: Total shoulder, maintain current glenoid version

2: Total shoulder, asymmetric reaming to re-establish native glenoid
version

3: Total shoulder, reconstruct glenoid with bone graft
4: Total shoulder, augmented glenoid
5: Reverse shoulder, maintain current glenoid version

6: Reverse shoulder, asymmetric reaming to establish neutral glenoid
version

7: Reverse shoulder, reconstruct glenoid with bone graft
8: Reverse shoulder, augmented base plate
9: Hemiarthroplasty

annually,’ group 2 performed between 11 and 40 arthroplasties,
and the low-volume group 3 surgeons performed fewer than
ten arthroplasties annually. The expert recommendations were
established with the consensus of two shoulder surgeons (JPW,
GW) who are directors of a shoulder and elbow fellowship,
have more than 30 years of experience with shoulder arthro-
plasty, and perform more than 100 arthroplasties annually.
These senior surgeons are from different institutions and have
differing training backgrounds. No external funding or support
of any kind was used for this study.

Statistical analysis. An a priori sample size calculation was
performed to determine the number of respondents required to
achieve 80% power. Based on an expected correlation coeffi-
cient of > 0.50 (HO = 0.40), data from 42 respondents would
need to be collected. Statistical analyses were performed in
SPSS (V22, IBM, Armonk, New York, USA). Significance for
all tests was set at p < 0.05. Standard descriptive statistics were
used to describe aggregate data. Two-tailed Z-tests were used to
compare proportions of agreement. chi-squared tests were used
to assess the association between the type of imaging sequence
and the proportion of agreement. Binomial logistic regression
models were built to assess the association of group of surgeon
experience with the degree of agreement with the ‘expert rec-
ommendation’ for glenoid classification or surgical plan.

Results

A total of 59 surgeons completed the survey. Their mean age
was 40.6 years (31 to 64); there were 54 men and five women.
The mean duration of clinical practice was 8.7 years (standard
deviation (SD) 8.5; 1 to 39). A total of 27 were in group 1, 17
were in group 2, and 15 were in group 3 (Table III). The two

VOL. 102-B, No. 3, MARCH 2020

Table lll. Demographic details of the participants.

Characteristic n
Respondents 59
Sex, male:female 55:4
Mean time in practice, yrs 8.7 (1 to 39)
Group 1 (> 40) 27
Group 2 (11 to 40) 17
Group 3 (1 to 10) 15
Fellowship

Shoulder and elbow 36
Sports 8
None

In training 14

senior surgeons showed 91.7% agreement in establishing the
recommendation, only differing in one glenoid classification
(B2 versus B3) which was settled by discussion; all the surgical
plans were agreed.

Agreement: glenoid classification. The group 1 surgeons had
the highest rate of agreement with the experts for glenoid classi-
fication. Group 3 surgeons had the lowest agreement. A total of
22 surgeons (37%) agreed with the experts in the classification
of the glenoid based on radiographs alone, 22 (37%) when giv-
en the CT, and 27 (46%) when given the PSP. For all surgeons,
PSP significantly increased agreement in glenoid classification
(x%: 8.54, p = 0.014, chi-squared test) (Table IV). When assess-
ing the impact of the imaging modality and surgical volume
on glenoid classification, there was no statistically significant
relationship.

Agreement: surgical plan. The group 1 surgeons had the high-
est rate of agreement with the experts for the surgical plan,
while the group 3 surgeons had the lowest rate (Table IV).
When given the radiographs alone, 20 surgeons (34%) agreed
with the experts, 18 (30%) using the CT, and 30 (51%) when
using the PSP. For all surgeons, PSP significantly increased
agreement with the experts’ recommended surgical plan (x> =
37.91; p <0.001, chi-squared test). A subanalysis did not show
any statistically significant trends in surgical planning within
the groups (Table V).

When assessing the change in surgical plan after being
provided with various imaging methods, the plan following the
radiographs versus the plan following the addition of the CT,
there was no significant change in the decision for all levels of
experience (Table V). When comparing the surgical plan made
with the information provided by the radiographs versus the
decision when using the PSP, there was a significant change in
the plan for group 3 (p = 0.017, logistic regression analysis),
and a trend towards significance for group 1 (p = 0.050, logistic
regression analysis) (Table VI).

Discussion

Gonzalez et al'” found that most failures in shoulder arthroplasty
are avoidable, being usually due to a diagnostic error, technical
error, or a combination of both. We found that the information
provided by the PSP brought all surgeons into closer agree-
ment with the experts for both glenoid classification and the
surgical plan, but that the PSP had the greatest benefit for low-
volume surgeons. By having the information from all methods,
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Table IV. The rates of agreement with the experts for both glenoid classification and surgical plan, across the three imaging methods.

Question Group Radiograph, % CT, % PSP, % x? p-value*
Glenoid 1 36.4 35.2 48.8 N/A N/A
Glenoid 2 35.3 441 471 N/A N/A
Glenoid 3 40.0 32.2 411 N/A N/A
Glenoid 1,2,3 37.0 37.0 46.3 8.537 0.014
Surgical plan 1 40.7 33.3 56.8 N/A N/A
Surgical plan 2 35.3 28.4 52.0 N/A N/A
Surgical plan 3 211 26.7 411 N/A N/A
Surgical plan 1,2,3 34.2 30.2 51.4 37.91 <0.001

Chi-squared test.
N/A, not applicable; PSP, patient-specific planning.

Table V. Regression model to assess the association of covariates such as imaging methods, years in practice, and surgical volume (groups) with
the degree of agreement with the experts’ recommendation in determining the surgical plan.

Group Radiograph vs CT* CT vs PSPt Radiograph vs PSPt
B Exp (B) Lower Upper p-value B Exp (B) Lower Upper p-value B Exp (B) Lower Upper p-value
95% Cl  95% ClI 95% Cl  95% CI 95% Cl  95% CI
Experience 0.005 1.005 0.975 1.036 0.739 0.013 0.987 0.957 1.018 0.394 0.017 1.018 0.987 1.049 0.264
Group 1 N/A N/A N/A N/A 0.801 N/A N/A N/A N/A 0.531 N/A N/A N/A N/A 0.050
Group 2 0.124 1.132 0.675 1.899 0.639 0.029 0.971 0.579 1.629 0.912 0.169 1.184 0.705 1.989 0.523
Group 3 0.208 1.231 0.648 2.339 0.525 0.313 1.368 0.716 2.613 0.343 0.795 2.213 1.155 4.242 0.017

*Plain radiographs versus CT, reflecting the change in decision/answer when presented with only the plain radiographs versus when provided with

the additional information of the CT.

TCT versus patient-specific planning, reflecting the change in decision/answer when presented with the plain radiographs and CT versus when also

using patient-specific planning.

$Plain radiographs versus patient-specific planning, reflecting the change in decision/answer when presented with just the plain radiographs
versus when also provided with the CT and patient-specific planning. B, beta; Cl, confidence interval; N/A, not applicable; PSP, patient-specific

planning.

Table VI. Regression model to assess the association of covariates such as imaging methods, years in practice, and surgical volume (groups) with
the degree of agreement with the experts’ recommendation in the determination of glenoid classification.

Group Radiograph vs CT* CT vs PSPt Radiograph vs PSP%
B Exp (B) Lower Upper p-value B Exp (B) Lower Upper p-value B Exp (B) Lower Upper p-value
95% Cl  95% Cl 95% Cl  95% ClI 95% Cl  95% ClI
Experience 0.002 0.998 0.968 1.029  0.913 0.002 0.998 0.968 1.029 0.913 0.021 1.021 0.988 1.055 0.208
Group 1 N/A N/A N/A N/A 0.521 N/A N/A N/A N/A 0.521 N/A N/A N/A N/A 0.371
Group 2 0.299 1.349 0.800 2.272  0.261 0.299 1.349 0.800 2.272 0.261 -0.250 0.778 0.460 1.319 0.352
Group 3 0.107 1.113 0.586 2.117  0.743 0.107 1.113 0.586 2117 0.743 0.173 1.189 0.613 2.307 0.609

*Radiograph versus CT, reflecting the change in decision/answer when presented with just the radiographs versus when provided with the

additional information of the CT.

TCT versus patient-specific planning, reflecting the change in decision/answer when presented with the radiographs and CT versus when also

provided with the patient-specific planning.

fRadiographs versus patient-specific planning, reflecting the change in decision/answer when presented with just the radiographs versus when

also provided with the CT and patient-specific planning.

B, beta; CI, confidence interval; N/A, not applicable; PSP, patient-specific planning

radiographs, CT, and PSP, the low-volume surgeons had a
better understanding of the shoulder. As most surgeons who
perform shoulder arthroplasty are considered low-volume, as
they undertake fewer than ten arthroplasties annually, the added
information provided by PSP may improve understanding of
the shoulder and affect the learning curve for the less experi-
enced surgeons, to bring them into closer agreement with more
experienced surgeons.

There have been conflicting reports of the efficacy of PSP
and instrumentation in THA and TKA.'®" Short- to mid-
term follow-up studies have shown that robotic-assisted THA
and TKA decreases variability with trends toward decreased
revision rates. Further studies are required to provide the
cost-effectiveness of these tools.? Consistent, long-term
improvements in patient-reported outcomes have not been
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reported using patient-specific surgical instruments, compared
with outcomes when using traditional instruments, and these
technologies have not been widely adopted.

PSP may be beneficial in shoulder arthroplasty because
many of the anatomical landmarks and reference points
used to guide the implantation of the glenoid component are
obscured by soft tissues or are not within the surgical field.
Moreover, the scapula moves on the chest wall, making it
difficult to place the component in the optimal position. Since
the glenohumeral joint is a ‘ball-on-a-socket’ rather than a
‘ball-in-a-socket’, the orientation of the glenoid and position
of the humeral head may substantially influence durability
due to non-concentric loading.!"*! The introduction of a stable
glenoid component in patients with glenoid deformity may be
difficult.

THE BONE & JOINT JOURNAL
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Malpositioning of the glenoid component is the most
common cause of failure after shoulder arthroplasty,
accounting for 24% of all complications.!"!” This malposi-
tioning generates abnormal forces across the glenoid, known
as the ‘rocking horse phenomenon’.?>? Placing the glenoid
in 15° of retroversion increases micromotion at the bone-
cement interface,’"?? and placing it in > 15° of retroversion
will lead to eccentric loading, increased wear, loosening, and
osteolysis.?'?%?7 Walch et al,?® in a series of 92 TSAs, showed
that B2 and C glenoids placed in retroversion can do well
for a short time. However, at a mean follow-up of 6.4 years,
there was a revision rate of 16.3% due to glenoid loosening.
Malpositioning is usually related to a failure to recognize
the severity of glenoid deformity. The Friedman method is
the most common and reproducible method of measuring
glenoid retroversion on 2D CT.'>? It has excellent interob-
server and intraobserver reliability.'>**3! However, Budge et
al’? showed that axial 2D CT measurements of retroversion
can be up to 15° different than those of 3D measurements.
Much of this is due to the fact that glenoid retroversion on
2D CT depends on the position of the scapula when the CT is
acquired.’! Using 3D CT, Paul et al** found that 1.8% of 1437
patients who presented to their tertiary centre with shoulder
pathology had a Walch C glenoid with a mean retroversion of
38°. The position of the scapula cannot be controlled when
taking a CT. Therefore, there is no consistent reference for
the measurement of retroversion. When retroversion is under-
estimated, the operation may be destined to fail. Thus, a crit-
ical step in the operation is the placement of the guide wire
for reaming the glenoid. Many arthroplasty systems use a
guidewire as a reference for glenoid version. However, there
are no reliable anatomical landmarks to inform the surgeon
about glenoid version during surgery. Thus the placement of
the glenoid component is highly variable. It has been shown
that its position may deviate by between 8° and 10° from the
intended position.***> Difficult exposure and lack of land-
marks commonly lead to glenoid malpositioning.'"!”

PSP can help to reduce the variations in guidewire place-
ment. In a study using cadavers, Walch et al** showed excellent
correlation between the position of the guidewire on preopera-
tive planning and the position at the time of implantation, using
patient-specific instrumentation. Hendel et al** performed a
randomized control trial using standard techniques for the place-
ment of wires compared with placement using patient-specific
instrumentation. They found that the use of patient-specific
instrumentation significantly reduced the mean deviation of the
guidewire from its intended position and ultimately the posi-
tion of the glenoid component. The largest benefit was seen in
patients with preoperative retroversion > 16°.

Appropriate placement of the guidewire is also pivotal in
RSA, which may be used to treat rotator cuff-deficient shoulders.
However, it is also used for patients with severe glenoid defor-
mity, fractures, and as a revision procedure. In these complex
scenarios, surgical exposure can be extremely difficult and the
glenoid vault can be compromised. Heylen et al*” showed that
with extreme deformity, although deviation from the intended
surgical plan is common, the use of patient-specific instrumen-
tation convincingly reduced the variability of the placement
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of the baseplate. The use of patient-specific instrumentation
allows the accurate reproduction of a 3D preoperative plan.*®

This study has limitations. It was a survey-based study with
inherent limitations. We surveyed surgeons with an interest in
shoulder surgery who are likely to have an enhanced under-
standing of the anatomy and pathology of the shoulder. The
‘expert’ recommendation involved the opinion of two expe-
rienced surgeons. Although they demonstrated a high rate
of agreement, the ‘expert’ nature of their recommendations
could be questioned. This is reflected in our findings; even
with the PSP only 27 surgeons (46%) agreed with the glenoid
classification. This may reflect some misunderstanding of
Walch'’s classification of glenoid anatomy. Furthermore, even
with PSP, only 30 surgeons (51%) agreed with the surgical
plan. In most orthopaedic procedures, there is debate about
the ‘best’ treatment. The ‘best’ form of THA remains contro-
versial. In anterior cruciate ligament reconstruction, the ‘best’
choice of graft remains controversial. Similarly, in shoulder
arthroplasty, there is debate about the management of severe
glenoid dysplasia. Although we used the recommendations
of two senior shoulder ‘experts’, we acknowledge that there
may be several effective surgical solutions for each patient.

We found that information provided by PSP had the greatest
impact on the surgical plan for surgeons who perform fewer than
ten shoulder arthroplasties annually, and that its use brought all
surgeons in to closer agreement with the ‘experts’ for glenoid
classification and surgical planning.

A
P

Take Home Message

- Patient-specific planning potentially improves decision-
making of less experienced surgeons, bringing them to the
level of more experienced surgeons.

- This may reduce errors in planning and increase successful outcomes
in shoulder arthroplasty.

References
1. HCUP Databases. Overview of the National (Nationwide) Inpatient Sample (NIS).
Healthcare Cost and Utilization Project. https://www.hcup-us.ahrg.gov/nisoverview.
jsp. Published December 17 2019 (date last accessed January 22 2020).
Day JS, Lau E, Ong KL, et al. Prevalence and projections of total shoulder
and elbow arthroplasty in the United States to 2015. J Shoulder Elbow Surg.
2010;19(8):1115-1120.
. Kim SH, Wise BL, Zhang Y, Szabo RM. Increasing incidence of shoulder
arthroplasty in the United States. J Bone Joint Surg Am. 2011,93-A(24):2249-2254.
CramP, LuX, Kates SL, etal. Total knee arthroplasty volume, utilization, and outcomes
among Medicare beneficiaries, 1991-2010. JAMA. 2012;308(12):1227-1236.
Kempton LB, Ankerson E, Wiater JM. A complication-based learning curve from
200 reverse shoulder arthroplasties. Clin Orthop Relat Res. 2011;469(9):2496—-2504.
Riedel BB, Mildren ME, Jobe CM, Wongworawat MD, Phipatanakul WP.
Evaluation of the leaming curve for reverse shoulder arthroplasty. Orthopedics.
2010;33(4):33.
. Jain N, Pietrobon R, Hocker S, et al. The relationship between surgeon and
hospital volume and outcomes for shoulder arthroplasty. J Bone Joint Surg Am.
2004;86-A(3):496-505.
Singh A, Yian EH, Dillon MT, et al. The effect of surgeon and hospital volume
on shoulder arthroplasty perioperative quality metrics. J Shoulder Elbow Surg.
2014;23(8):1187-1194.
Weinheimer KT, Smuin DM, Dhawan A. Patient outcomes as a function of
shoulder surgeon volume: a systematic review. Arthroscopy. 2017;33(7):1273-1281.
10. Hasan SS, Leith JM, Smith KL, Matsen FA. The distribution of shoulder
replacement among surgeons and hospitals is significantly different than that of hip
or knee replacement. Journal of Shoulder and Elbow Surgery. 2003;12(2):164—169.
11. Matsen FA, Clinton J, Lynch J, Bertelsen A, Richardson ML. Glenoid
component failure in total shoulder arthroplasty. J Bone Joint Surg Am. 2008;90-
A(4):885-896.

[ad

w

bl

“o

o

~

©



370

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

21.

28.

29.

30.

31

32,

33.

34.

K. S. MIN, H. M. FOX, A. BEDI, G. WALCH, ]. J. . WARNER

Friedman RJ, Hawthorne KB, Genez BM. The use of computerized tomography in
the measurement of glenoid version. The Journal of Bone & Joint Surgery. 1992;74-
A(7):1032-1037.

Moineau G, Levigne C, Boileau P, et al. Three-dimensional measurement
method of arthritic glenoid cavity morphology: feasibility and reproducibility. Orthop
Traumatol Surg Res. 2012;98(6 Suppl):S139-S145.

Bercik MJ, Kruse K, Yalizis M, et al. A modification to the Walch classification of
the glenoid in primary glenohumeral osteoarthritis using three-dimensional imaging.
J Shoulder Elbow Surg. 2016;25(10):1601-1606.

Walch G, Badet R, Boulahia A, Khoury A. Morphologic study of the glenoid in
primary glenohumeral osteoarthritis. J Arthroplasty. 1999;14(6):756—760.

Walch G, Boulahia A, Boileau P, Kempf JF. The Aequalis group. primary
glenohumeral osteoarthritis: clinical and radiographic classification. Acta Orthop
Belg. 1998;64(Suppl 2):46-52.

Gonzalez J-F, Alami GB, Baque F, Walch G, Boileau P. Complications of
unconstrained shoulder prostheses. J Shoulder Elbow Surg. 2011;20(4):666—682.
Sassoon A, Nam D, Nunley R, Barrack R. Systematic review of patient-specific
instrumentation in total knee arthroplasty: new but not improved. Clin Orthop Relat
Res. 2015;473(1):151-158.

Venkatesan M, Mahadevan D, Ashford RU. Computer-Assisted navigation in
knee arthroplasty: a critical appraisal. J Knee Surg. 2013;26(5):357-362.

Jacofsky DJ, Allen M. Robotics in arthroplasty: a comprehensive
review. J Arthroplasty. 2016;31(10):2353-2363.

Shapiro TA, McGarry MH, Gupta R, Lee YS, Lee TQ. Biomechanical effects of
glenoid retroversion in total shoulder arthroplasty. J Shoulder Elbow Surg. 2007;16(3
Suppl):S90-S95.

Farron A, Terrier A, Biichler P. Risks of loosening of a prosthetic glenoid implanted
in retroversion. J Shoulder Elbow Surg. 2006;15(4):521-526.

Karelse A, Van Tongel A, Verstraeten T, Poncet D, De Wilde LF. Rocking-horse
phenomenon of the glenoid component: the importance of inclination. J Shoulder
Elbow Surg. 2015;24(7):1142—1148.

Nyffeler RW, Sheikh R, Atkinson TS, et al. Effects of glenoid component
version on humeral head displacement and joint reaction forces: an experimental
study. J Shoulder Elbow Surg. 2006;15(5):625-629.

Young AA, Walch G, Pape G, Gohlke F, Favard L. Secondary rotator cuff
dysfunction following total shoulder arthroplasty for primary glenohumeral
osteoarthritis: results of a multicenter study with more than five years of follow-
up. J Bone Joint Surg Am. 2012;94-A(8):685-693.

Denard PJ, Walch G. Current concepts in the surgical management of primary
glenohumeral arthritis with a biconcave glenoid. J Shoulder Elbow Surg.
2013;22(11):1589-1598.

JC H, Sabesan VJ, lannotti JP. Glenoid component retroversion is associated with
osteolysis. J Bone Joint Surg Am. 2013;95-A(12):e82.

Walch G, Moraga C, Young A, Castellanos-Rosas J. Results of
anatomic nonconstrained prosthesis in primary osteoarthritis with biconcave
glenoid. J Shoulder Elbow Surg. 2012;21(11):1526-1533.

Rouleau DM, Kidder JF, Pons-Villanueva J, et al. Glenoid version: how to
measure it? validity of different methods in two-dimensional computed tomography
scans. J Shoulder Elbow Surg. 2010;19(8):1230-1237.

lannotti J, Baker J, Rodriguez E, et al. Three-Dimensional preoperative planning
software and a novel information transfer technology improve glenoid component
positioning. J Bone Joint Surg Am. 2014;96-A(9):e71.

Randelli M, Gambrioli PL. Glenohumeral osteometry by computed tomography in
normal and unstable shoulders. Clin Orthop Relat Res. 1986;208:151—156.

Budge MD, Lewis GS, Schaefer E, et al. Comparison of standard two-dimensional
and three-dimensional corrected glenoid version measurements. Journal of Shoulder
and Elbow Surgery. 2011;20(4):577-583.

Paul R, Knowles N, Chaoui J, et al. Characterization of the dysplastic Walch type
C glenoid. Bone Joint J. 2018;100-B(8):1074-1079.

Hendel MD, Bryan JA, Barsoum WK, et al. Comparison of patient-specific
instruments with standard surgical instruments in determining glenoid component

Follow us @BoneJoint]

35.

36.

37.

38.

position: a randomized prospective clinical trial. J Bone Joint Surg Am. 2012,94-
A(23):2167-2175.

Throckmorton TW, Gulotta LV, Bonnarens FO, et al. Patient-Specific targeting
guides compared with traditional instrumentation for glenoid component
placement in shoulder arthroplasty: a multi-surgeon study in 70 arthritic cadaver
specimens. J Shoulder Elbow Surg. 2015;24(6):965-971.

Walch G, Vezeridis PS, Boileau P, Deransart P, Chaoui J. Three-Dimensional
planning and use of patient-specific guides improve glenoid component position: an
in vitro study. J Shoulder Elbow Surg. 2015;24(2):302-309.

Heylen S, Van Haver A, Vuylsteke K, Declercq G, Verborgt 0. Patient-Specific
instrument guidance of glenoid component implantation reduces inclination
variability in total and reverse shoulder arthroplasty. J Shoulder Elbow Surg.
2016;25(2):186-192.

Levy JC, Everding NG, Frankle MA, Keppler LJ. Accuracy of patient-specific
guided glenoid baseplate positioning for reverse shoulder arthroplasty. J Shoulder
Elbow Surg. 2014;23(10):1563-1567.

Author information:

K. S. Min, MD, Orthopaedic Surgeon

H. M. Fox, MA, Research Assistant

J. J. P. Warner, MD, Orthopaedic Surgeon

Department of Orthopaedic Surgery, Massachusetts General Hospital,
Boston, Massachusetts, USA.

A. Bedi, MD, Orthopaedic Surgeon, Department of Orthopaedic Surgery,
University of Michigan, Ann Arbor, Michigan, USA.

G. Walch, MD, Orthopaedic Surgeon, Centre Orthopédique Santy, Lyon,
France.

Author contributions:

K. S. Min: Wrote the paper, Designed the survey, Collected and analyzed
the data, Designed the study.

H. M. Fox: Created the survey, Collected the data.

A. Bedi: Wrote to the IRB, Analyzed the data.

G. Walch: Designed the survey, Designed the study, Provided expert
consultation.

J. J. P. Warner: Wrote the paper, Designed the study, Provided expert
consultation.

Funding statement:

No outside funding, grants, or other assistance aided in the execution of
this study.

The author or one or more of the authors have received or will receive
benefits for personal or professional use from a commercial party related
directly or indirectly to the subject of this article.

ICMJE COI statement

A. Bedi declares payments for consultancy work from Arthrex and royalties
from SLACK Inc. and Springer, unrelated to this study. G Walch and J. J.

P. Warner declare royalties from Wright Medical Technology and stock
holdings in Imascap, unrelated to this study. J. J. P. Warner declares
payments for consultancy work from Arthrex, Breg, DJ Orthopaedics and
Smith & Nephew, unrelated to this study.

Acknowledgements:

This study was conducted through the collaborative efforts of the Codman
Shoulder Society (www.codmansociety.org). The Codman Shoulder Socie-
ty is committed to advancing shoulder care through valued based care, and
embodies Emory Codman's principle of “The End Result,” which values
the patient's outcome as the most important measure of care.

Ethical review statement:
This project was approved by the University of Michigan Institutional
Review Board (IRB: IRB00000246).

This article was primary edited by J. Scott.

THE BONE & JOINT JOURNAL



