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SUMMARY: Glenoid fossa bone loss has been associated with recurrence and failure after glenoid labrum repair for shoulder
instability. Quantification of glenoid fossa bone loss is critical for the successful treatment of glenohumeral instabdity. dtthis
paper was to estimate a linear regression model based on glenoid height in CT scan adjusted for age and sex to catttdataglenoi
width in a healthy Chilean sample. CT scans of 101 shoulders were reviewed. The mean age was 51.96 years (SD 19.1683range, 15-8
years) with 53 females and 48 male patients. Studies with signs of bone loss, instability, fracture, or arthritis were/dte €T
reconstruction, the height and width of each glenoid fossa was measured using the Owens methodology. All landmarks for the 2
measurements were placed on the most lateral surface of the glenoid fossa margin. Measurements for all shoulders wieye3recorded
observers and repeated on a subset (n = 20) of shoulders, under blinded conditions, by the same observer, at least P evietial afte
measurements. Descriptive statistics, intraclass correlation and regression coefficients were calculated with Stata Baré7® goft
value of 0.05 was considered significant. A linear regression model was estimated resulting in the formula “Width = 1*9%ge0.0
+ 0.41 * Height - 1.95 * Sex (1=Female, 0=Male)”. This model presented all coefficients with p <0.05 and an adjusted R2 of 0.73
Furthermore, it fulfilled the assumption of linearity, normal distribution of errors, independence of errors, and homdascedastiding
the intraobserver correlation, ICC was 0.76 for height and 0.91 for width; the interobserver ICC was 0.93 for height@nai@tB6 f
A 3D-CT specific formula was developed to predict glenoid fossa width based on height with sufficient accuracy to bevallnedality
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INTRODUCTION

Glenoid, humeral, or bipolar bone defects are rist al, 2020). However, there are many methods described

factors for recurrence associated with glenohumertQ estimate the size of the glenoid bone defect (Provencher
instability (Parlet al, 2020; Apostolakost al, 2021). Since €t al, 2010). The most commonly used are the surface area
2000, Burkhart & de Beer (2000) have identified “glenoidnethod, the superimposed circle method, the PICO method,
bone deficit” as independent risk factors for glenoid labru@nd the bare area method (Willenebal, 2018).
repair failure describing the “inverted pear-glenoid”.
However, the diagnosis of bone defects was made  Gilesetal (2015) described the use of glenoid height
intraoperatively, and their condition as a “engaging” lesiot® estimate its width and thus evaluate the glenoid bone
was evaluated. In 2002, Burkhattal (2002) described a defect. The bone defect is generally anterior affecting the
method to quantify glenoid bone loss arthroscopically. ~ Width of the glenoid but does not affect its height. The height
of the glenoid and its relationship with the glenoid fossa
Preoperative imaging studies are key for decisiofvidth is relatively constant at the population level. However,
making and planning (De Filippet al, 2020; Stefaniakt the effect of age, sex, and specific population characteristics
al., 2020). There are several modalities, but CT scans &&n affect its reproducibility. The purpose of this study was
the most suitable to evaluate the glenoid bone defect (Zhd@gestimate a linear regression model based on glenoid height
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in CT scan adjusted for age and sex to calculate glenaifl separation for evaluation of the reproducibility of the
fossa width in a healthy Chilean sample. Thus, we reviewateasurements.

101 CT scans from our institutional database to analygg
glenoid anatomy.

MATERIAL AND METHOD

Sample.CT scans of 214 shoulders from our institutiong
database were reviewed to analyze the anatomy of {
glenoid excluding studies with incomplete images, po(
qguality, artifacts, or signs of structural, traumatic, o
degenerative changes (bone loss, instability, fractu
arthritis, or any alteration of the glenoid anatomy); 101 C
scans were finally processed. The mean age was 51.96 y4
(SD 19.16; range, 15-88 years) with 53 females and 48 m
patients.

Fig. 1. Morphometric measurements. Two morphometric
CT data acquisition and processingPatients were scanned measurements were obtained: height and width. Glenoid height
in a Siemens SOMATOM® Volume Zoom (Siemens Medicalvas measured as the maximum length from the upper pole of the
Solutions USA, Malvern, PA). The patients were placed i@lenoid (12 o'clock position) to the lower pole (6 o'clock position)
a supine anatomic position (Gantry tity0and images were _and glenoid fossa v_vidth was measured_ as the maximum d!ameter
obtained in 1-mm increments (Slice collimation 4 ¥ 1 mnw an orthogonal orientation to the previously measured height.
along the axial axis of the human body. The images were
acquired at 140 kVp and 150 mA with a 250-mm field oStatistical analysis.Data are presented as mea8D, and
view (FOV), 512 matrix resolution, and rotation speed dhe coefficient of variation (CV) was calculated. The
0.75 s per revolution. The FOV of each scan included th&lmogorov-Smirnov test and Shapiro-Wilk were used to
entire scapula. Images were processed with RadiAnt DICO&aluate the normal distribution. A linear regression model
Viewer® 2020.1.1. was estimated considering the glenoid fossa width as the

quantitative dependent variable and the glenoid height as
Morphometric measurements. Two morphometric the quantitative independent variable adjusted for age
measurements were obtained for each of the scapulae: he{giiantitative) and sex (qualitative, binary). The adjusted R2
and width. The height and width were measured based and the statistical significance of the regression coefficients
the methodology published by Oweasal (2013); the were calculated with Student’s t-test using Stata BE 17®
glenoid height was measured as the maximum length frasoftware. A p-value of 0.05 was considered significant. In
the upper pole of the glenoid (12 o'clock position) to thaddition, the assumption of normal distribution of errors
lower pole (6 o'clock position), and the glenoid fossa widtfKolmogorov-Smirnov test), independence of errors (Durbin
was measured as the maximum diameter in an orthogohghtson test), and homoscedasticity were evaluated for model
orientation to the previously measured height (Fig. 1). Allalidation. The intraobserver and interobserver correlation
landmarks for both measurements were placed on the magre evaluated with the intraclass correlation coefficient
lateral surface of the glenoid fossa margin. To perform tECC). The study was reviewed and approved by the ethical
measurements, a three-dimensional reconstruction (3D-Cdgmmittee at our institution.
with RadiAnt DICOM Viewer® 2020.1.1 was performed
after subtraction of the humeral head. Reconstruction is
positioned obtaining a true “en face” view when the imageESULTS
displays the glenoid articular surface with its largest surface
extension in the horizontal and vertical planes (Zlediady).

The glenoid fossa width was 25.53.41, and the

Analysis of CT images.All images were measured by aglenoid height was 35.1¥% 3.25 in this sample (Table I).
shoulder and elbow surgeon (5 years of practice and 10 yeArsalysis of the measured height and width values
of experience) and two orthopedics residents. Forty CT scatesmonstrated a strong correlation of 0.8124 for the full
were re-evaluated in a blinded mode with at least two weegshort.
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Table I. Variable values. R2 of 0.73. Furthermore, it fulfilled the assumption of
Varisble Obs. Mean Std.Dev. VC Min Max linearity (Fig. 4), normal distribution of errors [Kolmogorov-
Height 101 35.17129 3.248456 9,24 278 426  Smirnov p > 0.05] (Fig. 5), independence of errors [Durbin-
Width 101 2552772 241239 945 201 32 \Watson d-statistic = 1.84] (Fig. 6), and homoscedasticity
Age 101 519604 1916138 37,75 15 88  (Fjg 7). Regarding the predicted glenoid fossa widths, the
Obs = Observations; Std. Dev. = Standard deviation; VC = Variabilitye g ressjon formula from this CT data set produced a root
Coefficient; Min = Minimum; Max = Maximum.
mean squared error across all shoulders of 1.25 mm. The
absolute error margin was 1.8D.71 mm (range: 0.038 to
3.608 mm) for the final formula.
A linear regression model was estimated (Fig. 2)
resulting in the formula “Width = 10.97+ 0.02* Age + 0.41 Regarding the intraobserver correlation, ICC was 0.76
* Height - 1.95 * Sex (1 = Female, 0 = Male)” (Fig. 3). Thidor height and 0.91 for width; the interobserver ICC was
model presented all coefficients with p <0.05 and an adjustéd®3 for height and 0.86 for width.

Source SS df MS Mumber of obs = 101
E(3,: 97) = 90.95 Fig. 2. Linear regression model. SS
Model 429.337718 3 143.112573 Prob > F = ©.ee00 = Sum of squares; df = Degrees of
Residual 152.624689 97 1.5734504 R-squared = ©.7377 freedom; MS = Mean squared; obs
Adj R-squared =  ©.7296 = observations; F = F statistic; Prob
Total | 581.962407 1ee 5.819624@7 Root MSE =  1.2544 > F = p-value for F statistic; Adj =
Adjusted; MSE = Mean Squared
Error; _cons = Intercept; Coef. =b
Width Coef. Std. Err. i P>|t| [95% Conf. Interval] coefficient; Std. Err. = Standard
Error; t = t-student statistic; P>|t|=
Height .4130915  .@533574 7.74 ©@.00e .3871918 .5189911 p-value for t statistic; Conf. Interval
Age .2201914  .@071426 2.83 @.ee6 .2e60153 .8343675 = Confidence interval; _cons =
Sex -1.946338  .3675477 -5.320 @.eee -2.675819  -1.216857 constant.
_cons 10.97096 1.970683 5.57 ©@.eee 7.859696 14.88222

Glenoid width (mm) = 11 + 0,02 x Age (years) + 0,41 x Glenoid Height
(mm)-1,95x sex (1=Female,0=Male)

Fig. 3. Adjusted formula. Formula to calculate glenoid fossa width in relation to
glenoid height, age, and sex.
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Fig. 4. Linearity assumption. The relationship between glenoigig. 5. Normality of errors assumption. The residuals normally
height and width is linear. distributed in this model. Kolmogorov-Smirnov’s test was p > 0,05.
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Fig. 7. Equal variances assumption (Homoscedasticity). The variance of the residuals is the same for alkvalues of

DISCUSSION

The main finding of our studyas a linear regression The data from our study confirmed the results of Giles
model that allows one to calculate the glenoid fossa widdnd Owens whereby glenoid height and width are strongly
using the glenoid height adjusted for age and sex. The modelrelated. In addition, we adjusted for age and sex to
is statistically significant, and it explains over 73 % of theliminate bias. Glenoid height is simply and reproducibly
correlation with the variables included and is based on repimeasured and is not compromised by glenohumeral instability
ducible and reliable measurements. (bone loss) allowing its use to estimate glenoid fossa width.

In 2015, Gileset al declared that “...an inherent Regarding the study modality, the use of 2D images
problem with the measurement of bone loss is that no tragd the use of 3D reconstructions can affect the anatomical
gold standard exists for comparison, as we are estimating theasurements at the glenoid level. In our anatomical review
dimensions of a structure that is no longer present...”. Evei the glenoid morphology in a CT scan (Contrezasil,
the use of the contralateral morphology does not allow one2620) using 2D images, we found that the glenoid size showed
establish a standard method of measurement. Seveaalaverage width of 262.7 mm, a height of 4083.5 mm,
measurement methods are currently in use but there is ad a vault depth of 26663.7 mm. Regarding the glenoid
agreement on the ideal technique (Sugaya, 2014). fossa width, the 2D measurement £8.7 mm) and the 3D
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measurement (25.582.41) are similar, but the 2D (403 In relation to other methods for estimation of glenoid
3.5 mm) and 3D (35.1% 3.25) glenoid height measurementfossa width, the reliability of the bare spot as a central
are different. This is probably associated with theeference point of the glenoid has been questioned. Saintmard
measurement method because, according to Ostethsthe et al (2009) identified the bare spot in less than 48 % of
glenoid height is the maximum length from the upper pole afases during arthroscopy and in only 26 % with CT
the glenoid (12 o'clock position) to the lower pole (6 o'clockrthrography. Two cadaveric studies assessed bare spot
position). In the 2Dmodality, the measurement is closer taneasurements and showed that this is an unreliable landmark
the superior cortex of the supraglenoid tubercle, and thugntglenoid measurements (Aignetral, 2004; Huysmanet
may be larger. This model must be used in 3D reconstructioals, 2006). Surface measurement of the glenoid is probably
because the use of another modality could lead tbe most popular method in clinical use and planning
overestimations of the glenoid fossa width and therefore é8tefaniaket al). The idea of a best-fit circle was developed
overestimation of the glenoid deficit. This could affect thé&y Sugayaet al. (2005) on 3D-CT. Baudét al. (2005)
surgical decision. Gilest al found similar results for glenoid developed the Pico method, which is based on calculating
height and width on CT (3382.9 mm and 26.2 2.5 mm, the size of the defect in the affected shoulder as a percentage
respectively). Kubickat al (2016) compared 2D and 3D-CT of the best-fit circle area of the contralateral glenoid. However,
in the assessment of glenoid bone loss and showed that 3k problem with all of these measurements is the lack of a
CT reliability was nearly perfect in all measurements even gold standard for comparison.
performed by an inexperienced observer.
Limitations of this study include that our sample had
In relation to the use of 3D reconstructions, it igatients with a wide age range (15 to 88 years) including some
important to consider that the true "en face" view is definetthat are beyond the average age group that presents anterior
when the image displays the glenoid articular surface with ighoulder instability. However, all CT scans were analyzed for
largest surface extension in the horizontal and vertical plangigns of degenerative changes (52.8 % of studies excluded);
(zZhanget al). Nevertheless, this definition is arbitrary andhus, the evaluated glenoid measurements should represent
can lead to variability. Here, each evaluator subtracted thiee normal anatomy. The formula was also adjusted for age.
humeral head and the three-dimensional positioning of the
glenoid in both measurements to obtain excellent intra and CT ensures high resolution and is a gold standard in
interobserver correlation; thus, the effect is probably minimalhe assessment of chronic anterior shoulder instability
Zhanget al performed a quantitative description of a true "eallowing detection and quantification of the lesions
face" view using the best-sphere fit method. However, wgansdowret al, 2019), but one major disadvantage of a CT
believe that this may complicate estimating the glenoid fossaan is the radiation dose. MRI is one solution: It has no
width. Gileset al found that intra-observer reliability wasionizing radiation and is the most useful modality for soft
good to excellent with an ICC of 0.765 for glenoid fossa widttissue evaluation. However, it is much more expensive, less
and 0.992 for height (0.76 for height and 0.91 for width in owavailable, has longer scan times, and depends on technical
sample). Interobserver reliability also showed high levels ofuality.
correlation with an ICC of 0.895 and 0.969 for width and
height, respectively (0.93 for height and 0.86 for width in our The advantages of this study are the inclusion of a
sample). sample with many healthy subjects; the use of the gold stan-
dard imaging approach (3D-CT); measurement by expert and
Gileset al found variations in glenoid size based ortrained professionals; simple and reproducible measurements;
sex. Sex-specific regression analyses established that malearimlist statistical evaluation; and an easy-to-use formula
female formulas differ from the overall formula above buépplicable to clinical practice.
exhibit only an offset relative to each other similar to our
sample with men presenting a 1.95 mm greater offset.
CONCLUSION
In relation to precision, we compared the prediction of
the formula to the true glenoid fossa width values: a root mean
squared error across all shoulders of 1.25 mm was calculated  In conclusion, we found that glenoid height and width
similar to the 1.2 mm obtained by Gilesal The absolute are strongly correlated. A 3D-CT specific formula was
error margin was 1.01. This low level of error indicates thateveloped to predict glenoid fossa width based on height
the formulas used for the glenoid height predicted the glenoidth sufficient accuracy to be clinically valuable. As such,
fossa width exactly. This allows one to make decisions on thige adjusted formula for 3D-CT in a Chilean sample is now
type of treatment with the greatest reproducibility. described to assist surgeons in quantifying glenoid bone loss.

1491



CONTRERAS, J.; OGRODNIK, C. & KHEK, P. Estimating glenoid fossa width for instability-related bone loss with CT scan in a Chilean dampleorphol., 39(5)1487-1492, 2021.

CONTRERAS, J.; OGRODNIK, C. & KHEK, P. Estimacion Burknar S . De Beer, J. P Tehvany, A M. & Parien, & }. Quantiying
del ancho de la fosa glenoidea para la pérdida 6sea relacionada cori&r;(;"‘%?gle ggzgr roscopically in shoulder instabAitthroscopy,
inestabilidad con tomografia computarizada en una muestra chijg; Filippo, M. échirb 'S_. Sarohia. D.- Barile. A Saba. L. Cella. S. &

na.int. J. Morphol., 39(5)1487-1492, 2021. Castagna, A. Imaging of shoulder instabiliSkeletal Radiol.,
49(10)1505-23, 2020.

RESUMEN: La pérdida de hueso de la fosa glenoidea sgiles, J. W.; Owens, B. D. & Athwal, G. S. Estimating glenoid width for
ha asociado con recurrencia y falla después de la reparacion deinstability-related bone loss: A CT evaluation of an MRI formala.
labrum glenoideo por inestabilidad del hombro. La cuantificacion J. Sports Med., 43(7)726-30, 2015.
de la pérdida 6sea glenoidea es fundamental para el tratamiditysmans, P. E.; Haen, P.S.; Kidd, M.; Dhert, W. J. & Willems, J. W. The
exitoso de la inestabilidad glenohumeral. El objetivo de este traba- S"aPe of the inferior part of the glenoid: a cadaveric studhoulder
. : i Elbow Surg., 15(6}59-63, 2006.
jo fue estimar un modelo de regresion lineal basado en la alt

. , . . L%icka, A. M.; Stefaniak, J.; Lubiatowski, P.; D?ugosz, J.; Dzianach, M.;
glenoidea en una tomografia computarizada ajustada por eda YRedman, M.; Piontek, J. & Romanowski, L. Reliability of measurements

sexo para calcular el ancho de la fosa glenoidea en una muestrgyerformed on two dimensional and three dimensional computed

chilena sana. Se revisaron las tomografias computarizadas de 10komography in glenoid assessment for instabilitt. Orthop.,

hombros. La edad media fue de 51,96 afios (DE 19,16; rango, 15-40(12)2581-8, 2016.

88 afios) con 53 mujeres y 48 hombres. Se excluyeron los estudiagsdown, D. A.; Cvetanovich, G. L.; Verma, N. N.; Cole, B. J.; Bach, B.

con signos de pérdida 6sea, inestabilidad, fractura o artritis. Des- R.; Nicholson, G.; Romeo, A.; Dawe, R. & Yanke, A. B. Automated 3-

pués de la reconstruccion 3D-CT, se midi6 la altura y el ancho de dimensional magnetic resonance imag!ng aIIovys for a_ccurate evaluation

cada fosa glenoidea utilizando la metodologia de Owens. Todos los®! 9lénoid bone loss compared with 3-dimensional computed
- L tomographyArthroscopy, 35(3y34-40, 2019.

punFo_s de,referenma para las 2 med_|C|ones se col_o;aron en la &ns, B. D.. Bums, T. C.: Campbell, S. E.: Svoboda, S. J. & Cameron, K.

perficie mas lateral del margen glenoideo. Las mediciones de to 0S| Simple method of glenoid bone loss calculation using ipsilateral

los hombros fueron registradas por 3 observadores y repetidas enmnagnetic resonance imagirym. J. Sports Med., 41(8p2-4, 2013.

un subconjunto (n = 20) de hombros, en condiciones ciegas, popelk, I.; Oh, M. J. & Shin, S. J. Effects of glenoid and humeral bone defects

mismo observador, al menos 2 semanas después de las mediciones recurrent anterior instability of the should@lin. Orthop. Surg.,

iniciales. La estadistica descriptiva, la correlacién intraclase y los 12(2)145-50, 2020.

coeficientes de regresion se calcularon con el software Stata Bfevencher, M. T.; Bhatia, S.; Ghodadra, N. S.; Grumet, R. C.; Bach Jr., B.

17®. Se considerd significativo un valor de p de 0,05. Se estim¢ un R+ Dewing, C. B.; LeClere, L. & Romeo, A. A. Recurrent shoulder

modelo de regresion lineal que resulté en la férmula “Ancho = 10,97 instability: current concepts for evaluation and management of glenoid

_ . _ bone lossJ. Bone Joint Surg. Am., 92 Suppll23-51, 2010.
+0,02 * Edad + 0,41 * Altura - 1,95 * Sexo (1 = Muijer, 0 = Hom'Saintmard, B.; Lecouvet, F.; Rubini, A. & Dubuc, J. E. Is the bare spot a

bre)”. Este modelo presentd todos los coeficientes con p <0.05y Uny5jig jandmark for glenoid evaluation in arthroscopic Bankart surgery?
R2 ajustado de 0.73. Ademas, cumplio con los supuestos de acta Orthop. Belg., 75(6)36-42, 2009.

linealidad, distribucién normal de errores, independencia de eri®tefaniak, J.; Lubiatowski, P.; Kubicka, A. M.; Wawrzyniak, A.; Wa?ecka,
res y homocedasticidad. En cuanto a la correlacion intraobservador,J. & Romanowski, L. Clinical and radiological examination of bony-
el CCl fue de 0,76 para la altura y 0,91 para la anchura; el ICC mediated shoulder instability. EFORT Open Rev., 5(11):815-27, 2020.
interobservador fue de 0,93 para la altura y 0,86 para la anchuraSggaya, H. Techniques to evaluate glenoid bone IGsst. Rev.
desarrollé una formula especifica de 3D-CT para predecir el ancho Musculoskelet. Med., 7(1)5, 2014.

. ! . ‘s ugaya, H.; Moriishi, J.; Kanisawa, |. & Tsuchiya, A. Arthroscopic osseous
glenoideo en funcién de la altura con suficiente precision para $519% ; ; ya, 0scop
Bankart repair for chronic recurrent traumatic anterior glenohumeral

clinicamente valiosa. instability. J. Bone Joint Surg. Am., 87(8J52-60, 2005.
Willemot, L. B.; Elhassan, B. T. & Verborgt, O. Bony reconstruction of the
PALABRAS CLAVE: Articulacion del glenohumeral; anterior glenoid rimJ. Am. Acad. Orthop. Surg., 26(1€307-e218,
Fosa glenoidea; Anatomia; Luxacién de hombro. 2018.

Zhang, H.; Zhu, Y.; Lu, Y.; Li, F. & Jiang, C. Establishment of a true en
face view in the evaluation of glenoid morphology for treatment of

REFERENCES traumatic anterior shoulder instabili&yrthroscopy, 36(3568-79, 2020.

Corresponding author:

Aigner, F.; Longato, S.; Fritsch, H. & Kralinger, F. AnatomicaIDr' Julio Contreras Fernandez
considerations regarding the "bare spot" of the glenoid cavitg. Su Avda. Pocuro #2170
Radiol. Anat., 26(4308-11, 2004. Providencia

Apostolakos, J. M.; Wright-Chisem, J.; Gulotta, L. V.; Taylor, S. A. & DinesSantiago
J. S. Anterior glenohumeral instability: Current review with technicaCHILE
pearls and pitfalls of arthroscopic soft-tissue stabilizativorld J.
Orthop., 12(1)1-13, 2021.

Baudi, P.; Righi, P.; Bolognesi, D.; Rivetta, S.; Rossi Urtoler, E.; Guicciardj dL .
N. & Carrara, M. How to identify and calculate glenoid bone deficit.E_ma”' juliocontrerasmd@gmail.com
Chir. Organi Mov., 90(2)145-52, 2005.

Burkhart, S. S. & De Beer, J. F. Traumatic glenohumeral bone defects and
their relationship to failure of arthroscopic Bankart repairs: significancBecibido : 23-06-2021
of the inverted-pear glenoid and the humeral engaging Hill-Sachs lesighceptado: 24-07-2021.
Arthroscopy, 16(7577-94, 2000.

1492



