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Abstract 
Purpose: Conventionally, the central structure of the baseplate is 

inserted through the point where the vertical and horizontal axes of 

the glenoid intersect (conventional insertion site, CIS). However, 

there is scanty theoretical evidence that CIS has the optimal bone 

stock. We evaluated the optimal insertion site for the glenoid 

baseplate through the three-dimensional volumetric measurement 

of the glenoid bone stock. 

Methods: Preoperative computed tomography (CT) images of 30 

consecutive reverse total shoulder arthroplasty procedures were 

analyzed. Three-dimensional image processing software was used 

to reconstruct CT and volumetrically measure the glenoid bone 

stock according to the simulated central peg. A simulated central 

peg was inserted to the medial pole of the scapula from 49 points 

determined along with the intersect point of the vertical and 

horizontal axes of the glenoid CIS at 2-mm intervals. The 

overlapped volume between the simulated central peg and glenoid 

vault, representing the amount of glenoid bone stock along the 

passage of the central peg, was then automatically calculated.  

Results: The depth of the glenoid vault was 25.5 ± 3.0 mm (range, 

19.3–31.5), and the mean overlapped volume between the simulated 

central peg and the glenoid vault was 623.0 ± 185.8 ml. The 

optimal insertion site for the bony purchase of the central peg was 

2 mm inferior and posterior from the CIS (765.3 ± 157.5). 

Conclusion: The optimal insertion site of the baseplate is located 2 

mm inferiorly and posteriorly to the CIS. This anatomical 

information may be used as a reference to determine the optimal 

insertion site of the baseplate according to an implant of a 

surgeon’s choice. 



 

 ii 

 

Keyword: glenoid baseplate, optimal insertion site for glenoid 

baseplate, reverse total shoulder arthroplasty, three-dimensional 

volumetric measurement.  

Student Number : 2018-35046 

 



 

 iii 

Table of Contents 
 
Chapter 1. Introduction ........................................................... 1 
1.1. Study Background ............................................................ 1 
1.2. Purpose of research ......................................................... 5 
 

Chapter 2. Body ...................................................................... 8 
2.1. Materials and methods ..................................................... 8 
2.1.1. Sample size calculation ................................................. 8 
2.1.2. Materials ....................................................................... 9 
2.1.3. Imaging protocol and 3D reconstruction process ........ 9 
2.1.4. Statistical analysis ...................................................... 25 
2.2. Results ............................................................................ 26 
2.2.1. Demographics.............................................................. 26 
2.2.2. Reliability .................................................................... 26 
2.2.3. Anatomic measurements ............................................ 28 
2.2.4. Optimal insertion site according to the STM of the 
baseplate and volumetric measurement ............................... 28 
2.2.5. The length of peripheral screws ................................ 32 
2.3. Discussion ...................................................................... 34 
 
Chapter 3. Conclusion ........................................................... 43 

 
Bibliography .......................................................................... 44 

 
Abstract in Korean ................................................................ 52 

 

Tables and figures ....................................................................  
Table 1. Interclass and intraclass correlations of each 
assessor ................................................................................ 27 
Table 2. Overlapped volume between the simulated central 
peg and glenoid vault according to the insertion sites ......... 30 
Table 3. The length of the peripheral screws according to 
insertion site ......................................................................... 32 
Figure 1. Depth of the glenoid vault ..................................... 11 
Figure 2. Smoothing operation of reconstructed scapula. ... 13 
Figure 3. Three-dimensional (3D)-reconstructed anatomical 
structures and simulated central peg ................................... 15 



 

 iv 

Figure 4. Measurement process ........................................... 17 
Figure 5. A conceptual diagram of a virtual circle with the 
diameter of the outermost part of the screw hole for the 
peripheral screw and the safe transference margin (STM) 19  
Figure 6. Insertion sites of simulated central peg ............... 21  
Figure 7. Combined image of the overlapped volume between 
the glenoid vault and the simulated central peg at every 
insertion site. ........................................................................ 22 
Figure 8. Simulation of the peripheral screw. ...................... 24 
Figure 9. Insertion sites were grouped according to the 
overlapped volume. ............................................................... 31



 

 １ 

Chapter 1. Introduction 

 

1.1. Study Background 

 

Reverse total shoulder arthroplasty (RTSA) has been first 

introduced to treat the irreparable rotator cuff tear and/or cuff tear 

arthropathy, and its indication has expanded to various diseases of 

the shoulder. It has characteristics that distinguish it from other 

arthroplasty. While most arthroplasty focus on mimicking and 

reconstructing normal anatomy and biomechanics of the joint 

structure, RTSA is aimed at functional reconstruction and uses a 

completely different morphologic shape of an artificial joint implant 

from normal anatomy. 

The bony structure of the glenohumeral joint consists of ball 

shape humeral head and shallow, concave glenoid fossa. This 

anatomical structure allows a wider range of motion than any other 

joint, but on the contrary, it has the disadvantage of the inherent 

instability of the joint structure itself (1). Therefore, the stability of 

the glenohumeral joint depends on the synergy of various static and 

dynamic stabilizers. 

The primary static stabilizers consist of the congruency of the 

humeral head and glenoid fossa, glenoid labrum, glenohumeral 

ligaments, joint capsule, and negative intra-articular pressure. 

However, the static stabilizers are not sufficient to obtain stability 

of the glenohumeral joint, and the action of dynamic stabilizers is 

essential. The dynamic stabilizer is the co-ordinance of various 

muscles including the rotator cuff, deltoid, pectoralis major, 
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latissimus dorsi, and periscapular muscles (1). The rotator cuff 

muscles have primary importance as a contraction of the rotator 

cuff compresses the humeral head into the glenoid and it allows to 

maintain the center of rotation (COR) of the glenohumeral joint and 

increase the force necessary to rotate the humeral head during the 

shoulder motion, and the dynamic stability of rotator cuffs consists 

of horizontal and vertical muscle balance called ‘force coupling’ (2). 

The horizontal force couple is formed by the subscapularis and 

infraspinatus-teres minor complex and the vertical force couple is 

formed by the deltoid and lower rotator cuff complex (3). If the 

force coupling is disrupted by the extended rotator cuff tear, the 

vector of the joint reaction force migrated to the outside of the 

glenoid rim, and the imbalance of this force coupling provokes the 

anterosuperior migration of the humeral head under increased 

traction force exerted by the deltoid which acts as an elevator of 

the humeral head, leading to pseudoparalysis (4-6). 

Although the majority of rotator cuff tears can be treated by 

rotator cuff repair, several rotator cuff tears cannot be reattached 

to the footprint during attempted repair (7), and retear rate has 

been reported up to 20-94% (8-10). Furthermore, not all 

pseudoparalysis can be restored by rotator cuff repair (11, 12). 

Therefore, the need for a method to solve these problems has 

emerged, and RTSA was proposed as the solution to the problem 

that originated from rotator cuff insufficiency. 

Grammont et al. introduced the concept of the reversed ball-

and-socket joint with four key principles: (1) medialization of the 

COR, (2) re-tensioning of the deltoid by distalization of humerus, 

(3) a constant, fixed COR leading to an inherently stable implant, 

and (4) semi-constrained implant feature with a larger arc of 
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motion (13, 14). 

RTSA modifies the COR of the glenohumeral joint from the center 

of the humeral head to the center of the glenosphere-baseplate-

glenoid interface; the baseplate is inserted into the glenoid vault, 

and the glenosphere is assembled on the baseplate. Movements 

around the fixed COR of the RTSA convert the compressive and 

shear forces into a large compressive vector, and the peak 

compressive and shear force generated during shoulder motion is 

reduced in RTSA (15). Therefore, the glenohumeral joint force in 

abduction decreased, and the pseudoparalysis can be restored (16). 

Furthermore, in the case of rotator cuff insufficiency the 

compressive force of the rotator cuff is diminished, and 

minimization of the ratio of shear to compressive force at the joint 

increase the stability of the prosthesis (14). 

Distalization of the humerus provoke the lengthening of the 

deltoid and enhance the deltoid efficiency. Medialized COR and 

distalization of humerus modify the orientation of the deltoid muscle 

fiber more vertical direction, and the deltoid moment arm is 

increased compared with native shoulders (15-17). These 

anatomical and biomechanical changes increase deltoid recruitment 

that making the deltoid serves as the primary abductor of the 

shoulder joint (18).  

Also, the design characteristics of the RTSA, which consist of a 

fixed, relatively larger glenosphere, smaller humeral cup, and the 

congruency of the radius of curvature between the glenosphere and 

humeral cup, improved the stability of the prosthesis and enlarged 

the impingement-free range of motion (ROM) (19-21). Therefore, 

considering the anatomical and biomechanical changes that occur in 

RTSA, it can be estimated that maintaining a fixed COR, the stability 
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of the glenosphere-baseplate-bone interface, is the most important 

factor to maintain the stability of the implant. 
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1.2. Purpose of Research 

 

The original indication of RTSA was irreparable rotator cuff tear 

and/or rotator cuff arthropathy in older patients (22), however, as 

prosthesis, surgeons’ experience and related surgical skills have 

improved, the indication of RTSA is expanded to the various 

disease of glenohumeral joint; complicated proximal humeral 

fracture, revision shoulder surgery, severe glenoid bone loss 

including rheumatoid arthritis or osteoarthritis, and tumor (23). 

Therefore, the operation rate of RTSA is also rapidly increased 

(24). 

Fortunately, the longevity of the RTSA was favorable. The 

lifespan of an implant at a 10-year follow-up is reportedly up to 

90% (25). However, glenoid implants are most commonly 

associated with complications (26), and these are most likely 

related to a technical errors (27, 28). Therefore, considering the 

design characteristics of RTSA, stable initial fixation of the glenoid 

baseplate is required to achieve favorable functional outcomes and 

longevity (28).  

The glenoid baseplate is fixed to the glenoid vault, which is 

defined as a conical endosteal structure within a boundary starting 

from the articular surface of the glenohumeral joint, extending 

medially to the scapular spine (29). Conventionally, the central 

fixator of the baseplate is frequently inserted through the point 

where the vertical and horizontal axes of the glenoid intersect 

(conventional insertion site, CIS). However, evidence suggesting 

that CIS is the point of the glenoid vault with the optimal bone stock 

is scanty. Furthermore, previous studies have reported conflicting 

results for the insertion point of the baseplate where the depth of 
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the glenoid vault is the longest (30, 31). Rispoli et al. have argued 

that the center point of the glenoid vault is slightly anterior and 

inferior to the center point projected from the surface of glenoid 

(31), while Matsuki et al. have reported that the depth of the 

glenoid vault is longer in the posterior portion of the glenoid than 

the anterior glenoid (30). 

Moreover, these previous studies (30, 31) did not consider the 

fixation force provided by peripheral screws. Although central 

fixation is considered the most important element in baseplate 

stability, the number and/or length of the peripheral screw can 

affect the fixation force of the baseplate (32, 33). Roche et al. have 

presented that baseplate with 4 or more peripheral screws have 

been fixed more stable than baseplate fixed with 2 peripheral 

screws, and longer peripheral screws could provide a greater 

fixation force (33). Therefore, considering clinical use, we assumed 

that finding an insertion site where the baseplate can obtain the 

strongest fixation force within the range where the four peripheral 

screws can be completely fixed was important. 

Moreover, several previous studies have reported the necessity 

of a smaller size baseplate in the East Asian population (34-36). 

Our previous studies have presented that the size of the glenoid 

was significantly smaller in the East Asian population than in the 

North American cohort (all p < 0.05) (37), and have reported that 

the inappropriate insertion of the central fixator of the glenoid 

baseplate frequently occurred in the patient with a small glenoid 

(34). Therefore, we considered that the anatomic information 

regarding the optimal insertion site of the glenoid baseplate is 

necessary to achieve the firm initial fixation and the durable 

longevity of the RTSA, especially in the patient with small glenoid. 
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We hypothesized that the overlapped volume between the glenoid 

vault and the central fixator of the glenoid baseplate is different 

according to the insertion site of the baseplate. To evaluate the 

optimal insertion site, we measured the volume of overlapped bone 

stock of the glenoid vault and the central fixator of the baseplate 

using three-dimensional volumetric measurement. 
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Chapter 2. Body 

 

2.1. Materials and methods 

 

2.1.1. Sample size calculation 

To the best of the authors’ knowledge, there were no previous 

studies that evaluated the optimal insertion site of the glenoid 

baseplate using three-dimensional volumetric measurements for 

overlapped volume between the glenoid vault and the central fixator 

of the baseplate. Therefore, we calculate the minimal sample size 

using Matsuki et al.’s previous literature which evaluates the depth 

of the glenoid vault according to the insertion sites of the baseplate 

(30).  

In their study, the depth of the glenoid vault was measured at 77 

points, within the range of 6 mm anterior, 6 mm posterior, 10 mm 

superior, and 10 mm inferior from the CIS by 2 mm interval (30). 

However, we considered that a 10 mm deviation from the CIS is too 

large for clinical application, therefore, we elected the 49 insertion 

points within the range of 6 mm anterior, posterior, superior, and 

inferior from the CIS by a 2 mm interval.  

The pooled mean and standard deviation of the glenoid depth 

within the range of 6 mm from CIS in all directions was 16.7 ± 7.9 

mm (30). The depth of the glenoid vault at CIS was 20.9 ± 5.2 mm. 

The longest depth of the glenoid vault (24.6 ± 6.4 mm) was 

measured at the inferior 6 mm and posterior 2 mm, and the shortest 

depth (7.4 ± 6.7 mm) was measured at the superior 6 mm and 

anterior 6 mm located from the CIS. We have calculated that the 
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sample size which can distinguish the longest depth of the glenoid 

vault from the mean depth of the glenoid vault was 15. However, 

evaluation of the optimal insertion site using a three-dimensional 

volumetric measure has not been conducted before, therefore, we 

have determined the sample size as 30 that can fit a normal 

distribution according to the central limit theorem to obtain 

sufficient statistical power. 

 

2.1.2. Materials 

We retrospectively reviewed 44 consecutive RTSA procedures 

performed by the senior author (J.H.O.) of the current study 

between September 2016 and April 2017 under the approval of the 

institutional review board of the senior author’s affiliation (B-

2005/611-109). To reduce heterogeneity and measurement errors 

according to glenoid deformity, including severe glenoid erosion in 

osteoarthritis, fracture, and/or congenital dysplasia, we excluded 

cases of revision RTSA (3 cases), severe proximal humeral 

fracture (1), with a history of previous surgery and/or fracture on 

the ipsilateral shoulder (8), or of severe glenoid wear that needed 

bone graft (2). Therefore, a total of 30 RTSA cases were finally 

included in this study. 

 

2.1.3. Imaging protocol and 3D reconstruction process 

Preoperative computed tomography (CT) images were captured 

using a 64-channel multidetector CT (Brilliance 64; Philips, Best, 

Netherlands) without contrast (detector collimation 0.612–0.625 

mm; table speed 53–313 mm/s; slice thickness 0.67 mm; 

reconstruction interval 0.34 mm; effective tube current-time 

product 156–338 mAs; tube voltage 120–140 kVp; and matrix size 
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512 × 512). Images covered the entire scapula.  

Image evaluation and three-dimensional (3D) reconstruction of 

CT were independently performed and repeated by two shoulder 

fellowship-trained orthopedic surgeons (H.J.J. and M.G.J.) with at 

least a 3-week interval between analyses. 

The depth of the glenoid vault was measured at the level of the 

CIS in axial view using the ‘3D cursor function’ of the G3 Picture 

Archiving and Communication System (G3 PACS; Infinitt, Seoul, 

Republic of Korea) to determine the length of the virtual central peg 

(34). When marking the specific point at the sagittal view with the 

‘3D cursor function’, this point is also automatically marked in axial 

and coronal views (Figure 1).
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Figure 1. Depth of the glenoid vault. (A) The best-fit circle (yellow, 

dashed circle) which includes the anterior and posterior end of the glenoid 

was marked at the sagittal view. The center of the best-fit circle, where 

the line connecting the anterior and posterior end of the glenoid (white, 

solid line) was evenly divided, was marked as the conventional insertion 

site (CIS, red point). (B) Draw the line connecting the anterior and 

posterior end of the glenoid (white, solid line), and mark the bisecting line 

(white, dotted line) starting from the medial pole of the scapular spine. 

Measure the depth of the glenoid vault (yellow, double arrow line) parallel 

to the bisecting line (white, dotted line). 
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The entire scapula was three-dimensionally reconstructed using 

a commercially available program (38-40) (Mimics version 20.0, 

Materialise, NV, Belgium). Segmentation of the scapula was semi-

automatically performed using a ‘new mask function’ with a preset 

Hounsfield unit (HU), which included cancellous and cortical bones 

(range 148–3071). By adjusting the window, the region of interest 

(ROI) could be set to include the entire scapula, and unnecessarily 

included humerus and clavicle were removed using the ‘split mask 

function’. Large osteophyte was excluded using the ‘edit mask 

function’ manually. Sequentially, the ‘smooth mask function’ was 

conducted to clean the extraneous voxel without losing anatomy (41, 

42). Three-dimensionally reconstruction was performed using the 

‘calculate part function’, and we smoothed the reconstructed 

scapula (Figure 2) using the ‘smooth object function (smooth factor 

0.4, iteration 4)’ and ‘wrap function (smallest detail 0.2 mm, gap 

closing distance 1 mm) to avoid measurement error caused by small 

osteophyte (41, 42).
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Figure 2. Smoothing operation of the reconstructed scapula. (A) Before 

smoothing the operation of the scapula, the surface of the scapula looks 

coarse and unrefined. (B) After smoothing operation using ‘smooth object 

function’ and ‘wrap function’, the glenoid surface looks refined and small 

osteophytes are automatically removed. 
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However, the 3D-reconstructed scapula created using this 

method is problematic in that when the central peg is inserted in the 

posterior portion of the glenoid, it penetrates both the glenoid vault 

and the scapular spine. Therefore, to eliminate the error of the 

central peg being overlapped with the scapular spine, the 3D 

reconstruction of the glenoid vault, excluding the scapular spine, 

was performed semi-automatically using the same function and HU 

(Figure 3). 
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Figure 3. Three-dimensional (3D)-reconstructed anatomical structures 

and simulated central peg. (A) 3D reconstruction of the entire scapula 

(violet) and glenoid vault (red). If the scapular spine is not subtracted 

during the calculation of overlapped volume between the simulated central 

peg (grey) and glenoid vault, the simulated central peg penetrates both the 

glenoid vault (black arrow) and scapular spine (white arrow), and 

overlapped volume is overestimated due to the overlapped area between 

the central peg and scapular spine (white arrow). (B) Therefore, the 

authors calculated the overlapped volume using the simulated central peg 

and 3D-reconstructed glenoid vault. The final version of the overlapped 

area between the central peg and glenoid vault is presented (black arrow). 
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Materialise 3-matic Medical (version 12.0, Materialise, NV, 

Belgium) was used to evaluate the anatomical characteristics. 

Superior, inferior, anterior, and posterior ends of the glenoid rim 

where the maximal length of the vertical axis (VA) and horizontal 

axis (HA) were identified on the en-face view of the 3D-

reconstructed glenoid. Subsequently, CIS was marked at the 

intersection point of the vertical and horizontal axes of the glenoid 

(31). The medial pole (MP) was also noted on the 3D-

reconstructed scapula. Central peg inclination was defined as the 

angle between the VA and the central axis (CA) connecting MP and 

CIS, and the glenoid version was defined as the angle between HA 

and CA (Figure 3). The axis of the scapular spine (SA) was defined 

as a line connecting MP and the distal 1/3 point of the scapular 

spine where the scapular spine was equally bisected vertically. To 

decrease measurement error, SA was drawn at the point where the 

anterior and posterior ends of the glenoid overlapped entirely 

(Figure 4).
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Figure 4. Measurement process. (A) Superior, inferior, anterior, and 

posterior ends of the glenoid rim where the maximal length of the 

horizontal axis (HA, straight line) and vertical axis (VA, dashed line) are 

noted in the en-face view of the 3D-reconstructed glenoid. Subsequently, 

the conventional insertion site (CIS, black dot) is marked where the 

vertical and horizontal axes of the glenoid intersect. (B) The medial pole 

(MP, white dot) is marked on the 3D-reconstructed scapula image. 

Central peg inclination was defined as the angle between the VA (dashed 

line) and central axis (CA, dotted line) connecting MP and CIS (black dot), 

and inclination is measured at the point that optimally overlapped the 

anterior and posterior ends of the glenoid rim. (C) The glenoid version is 

defined as the angle between HA (straight line) and CA (dotted line), and 

the version is measured from the point of view that optimally overlapped 

the superior and inferior ends of the glenoid rim. (D) The scapular spine 

bisecting point (BP, red dot) at distal 1/3 of the scapular spine, which 

equally bisects the scapular spine vertically, is marked on the 3D-

reconstructed scapula image. The axis of the scapular spine (SA, straight 

line) is defined as the line connecting the MP and BP. 
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To achieve firm fixation of the glenoid baseplate, peripheral 

screws also played an important role, and, to evaluate the optimal 

insertion site, we considered that baseplate should be inserted 

where all peripheral screws could be fully engaged in the glenoid 

vault. Therefore, we defined the safe transference margin (STM) of 

the baseplate as the distance at which the outermost part of the 

peripheral screw hole does not exceed the end of the glenoid rim in 

four directions from the CIS: superior, inferior, anterior, and 

posterior. To evaluate the STM, we measured the diameter of a 

virtual circle based on that of the outermost part of the peripheral 

screw hole (Figure 5) of several baseplates (Comprehensive®, 

Zimmer-Biomet, Warsaw, IN, USA; CoralisTM, Corentec, Seoul, 

Republic of Korea; DELTA XTENDTM, DePuy-Synthes, Warsaw, IN, 

USA; Trabecular MetalTM reverse shoulder system, Zimmer-

Biomet, Warsaw, IN, USA). Among the four prostheses, the 

Comprehensive® had the largest diameter (23 mm), followed by 

CoralisTM 21.9 mm, DELTA XTENDTM 21.2 mm, and Trabecular 

MetalTM 20 mm. Therefore, we used data from the Comprehensive® 

to determine the STM. Distances from the CIS to the four points at 

the superior, inferior, anterior, and posterior ends of the glenoid rim 

were measured; the radius of the virtual circle of the outermost part 

of the peripheral screw hole was then subtracted from each 

measurement to calculate the STM (Figure 5). 
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Figure 5. A conceptual diagram of a virtual circle with the diameter of the 

outermost part of the screw hole for the peripheral screw and the safe 

transference margin (STM). (A) The single greater central circle 

represents the central peg and/or screw, and 4 smaller circles represent 

peripheral screw holes. The radius of the virtual circle with the diameter 

of the outermost part of the peripheral screw holes (dashed line) is 

measured to evaluate the STM of the glenoid baseplate. (B) STM is 

defined as the distance between a virtual circle (dashed line) and the 

margin of the glenoid rim at the superior, inferior, anterior and posterior 

direction (red, double arrow line).  
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The central peg was simulated with the shape of the cylinder with 

a diameter of 6.5 mm and a length of 35 mm. It was created using 

the ‘create cylinder’ function. At first, the direction of the central 

peg was determined using the ‘2 points’ method connecting CIS and 

MP, and then the length of the central peg was limited to 35 mm in 

the ‘axis’ method without changing the direction of the central peg. 

Finally, a simulated central peg was inserted into CIS along the CA 

(Figure 6B), and the simulated central peg and 3D reconstructed 

glenoid vault were duplicated 49 times. 

To determine the optimal insertion site for the baseplate, 

simulated central pegs were inserted along the CA from 49 points 

up to a distance of 6 mm at 2-mm intervals anteriorly, posteriorly, 

superiorly, and inferiorly from the CIS (Figure 6A). We move the 

duplicated central peg at a determined distance using the 

‘interactive translate’ function. ‘Screen coordinate system’ and 

‘translate step’ functions in ‘interactive translate’ made moving the 

central peg 2 mm interval without changing direction possible. As 

we considered that the central peg could not be fixed outside the 

surface of the glenoid, it was located parallel only along the level of 

the glenoid surface at the CIS, and we assumed that this parallel 

arrangement of central pegs represents the reaming of the glenoid 

surface during the preparation of glenoid (Figure 7). 
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Figure 6. (A) Insertion sites. A simulated central peg is inserted along 49 

points up to a distance of 6 mm at 2-mm intervals from the conventional 

insertion site (CIS, black dot) anteriorly, posteriorly, superiorly, and 

inferiorly. While the insertion site located 2 mm inferior and 2 mm 

posterior from the CIS (I2P2, red dot) had the highest overlapped volume, 

the insertion site located 6 mm inferior and 6 mm posterior from the CIS 

(I6P6, yellow dot) had the least overlapped volume. (B) A simulated 

central peg (blue) is inserted in the CIS. A simulated central peg is 

inserted along the central axis (CA, dotted line), connecting the CIS to the 

medial pole (white dot). (C) After conducting the boolean intersection 

function, only the overlapped area (blue) between the simulated central 

peg and the glenoid vault remains. This represents the amount of glenoid 

bone stock along the passage of the central peg.
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Figure 7. Combined image of the overlapped volume between the glenoid 

vault and the simulated central peg at every insertion site. (A) The 

simulated baseplate (transparent green cylinder) and the overlapped area 

between the glenoid vault and the simulated central peg are presented in 

the image. (B) In the coronal view, simulated central pegs are inserted 

parallel to the simulated baseplate. The parallel arrangement of the central 

pegs represents the reaming of the glenoid surface during the preparation 

of the glenoid. 
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Subsequently, the volume of the overlapped area between each 

simulated central peg and the glenoid vault, which represents the 

amount of glenoid bone stock along the passage of the central peg, 

was automatically calculated using the ‘boolean intersection’ 

function, which subtracted the non-overlapped area between the 

central peg and glenoid vault (Figure 6). The overlapped volume 

was then compared according to each insertion site to elucidate the 

optimal insertion site. Sequentially, to evaluate the volumetric 

difference according to the insertion site, we grouped the insertion 

sites according to the mean overlapped volume by 100 ml: group 1 

(>750 ml), group 2 (>700 ml), group 3 (>600 ml), group 4 (>500 

ml), and group 5 (≤500 ml). 

We also measured the length of the peripheral screws. The 

peripheral screw was simulated as the cylinder with a diameter of 

4.75 mm and a length of 35 mm. It was inserted 9.125 mm away 

from the CIS and optimal insertion site where the overlapped 

volume between the glenoid vault and central peg was the largest. 

To minimize the measurement error, it was inserted parallel to the 

central peg. The overlapped portion between the glenoid vault and 

the peripheral screw was automatically simulated using the ‘boolean 

intersection’ function in the same manner as the central peg. 

However, to increase the clinical relevance, we measure the length 

of the overlapped portion, not the volume (Figure 8). The length of 

the peripheral screw was measured along the long axis passing 

through the center of the cylinder.
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Figure 8. Simulation of the peripheral screw. (A) The boundary of the 

virtual circle (transparent green cylinder) represents the diameter of the 

outermost part of the screw hole for the peripheral screw in the baseplate, 

and its diameter is 23 mm. The diameter of the peripheral screws is 4.75 

mm. To coincide the boundaries of the virtual circle and the peripheral 

screws, peripheral screws were inserted 9.125 mm superiorly, inferiorly, 

anteriorly, and posteriorly away from the conventional insertion site, 

respectively. (B) To minimize the measurement error, peripheral screws 

are inserted parallel to the central peg. After applying the boolean 

intersection function, the length of the overlapping portion between the 

glenoid vault and each peripheral screw is measured. 
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2.1.4. Statistical analysis 

All statistical analyses except sample size calculation were 

conducted using IBM SPSS Statistics, version 22.0 (IBM Corp., 

Armonk, NY, USA), and the sample size was calculated with the 

G*Power version 3.1.9.7 (Universität Kiel, Germany). The 

distribution of data composition was evaluated using the 

Kolmogorov-Smirnov normality test. Where appropriate, Pearson's 

or Spearman’s correlation test was performed to evaluate the 

correlation between patients’ demographics and anatomical 

measurements. The one-way analysis of variance (ANOVA) or 

Kruskal-Wallis test was conducted to discriminate the overlap 

volume difference between the simulated central peg and glenoid 

vault based on the optimal insertion site. Paired T-test or Mann-

Whitney U test was applied to compare the length of each 

peripheral screw between CIS and the optimal insertion site. 

Cronbach’s alpha test was performed to evaluate the inter-class 

and intra-class correlations. All statistical analyses were 

performed on both sides, and the significance level was set at a p-

value of 0.05.  
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2.2. Results 

 

2.2.1. Demographics 

Two men and 28 women, with a mean age of 73.3 ± 5.5 years, 

were included in this study. The mean height and weight were 

higher in men (height 170.8 ± 4.0 vs. 149.1 ± 4.6 cm, p = 0.005; 

weight 72.6 ± 12.1 vs. 58.3 ± 6.7 kg, p = 0.041). However, body 

mass index (BMI, 26.1 ± 2.9 kg/m2) was not significantly different 

between sexes (24.8 ± 3.0 vs. 26.2 ± 3.0 kg/m2, p = 0.451). The 

mean T-score of bone mineral density was −2.3 ± 0.9 and was not 

also significantly different between the sexes (−1.9 ± 0.7 vs. −2.3 ± 

1.0, p = 0.547). Of the 30 included RTSA patients, 2 had received 

treatment for cuff tear arthropathy, 10 for irreparable rotator cuff 

tear with osteoarthritis, and 18 for irreparable rotator cuff tear 

without osteoarthritis; all of them were classified as Walch type A1 

[10]. 

 

2.2.2. Reliability 

The inter- and intra-class correlations of each assessor were 

evaluated using the depth of the glenoid vault, height and width of 

the glenoid in the en-face view, inclination of the central peg, and 

version of glenoid in the 3D-reconstructed scapula, as well as the 

volume of the overlapped area between the simulated central peg 

and glenoid vault. The inter- and intra-class correlation of each 

assessor were higher than 0.9 for all measured variables (all p < 

0.001, Table I). Therefore, the average value of each measurement 

was used in further analyses. 
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Table I. Interclass and intraclass correlations of each assessor 

Anatomic marker Interclass correlation Significance 

Vault depth 0.966 (0.900-0.989) < 0.001* 

 Assessor A 0.977 (0.952-0.989) < 0.001* 

 Assessor B 0.963 (0.894-0.987) < 0.001* 

Glenoid height 0.957 (0.877-0.985) < 0.001* 

 Assessor A 0.982 (0.962-0.991) < 0.001* 

 Assessor B 0.969 (0.912-0.990) < 0.001* 

Glenoid width 0.936 (0.822-0.978) < 0.001* 

 Assessor A 0.972 (0.942-0.987) < 0.001* 

 Assessor B 0.967 (0.902-0.989) < 0.001* 

Central peg inclination 0.931 (0.808-0.976) < 0.001* 

 Assessor A 0.985 (0.968-0.993) < 0.001* 

 Assessor B 0.973 (0.921-0.991) < 0.001* 

Glenoid version 0.964 (0.894-0.988) < 0.001* 

 Assessor A 0.971 (0.939-0.986) < 0.001* 

 Assessor B 0.979 (0.937-0.993) < 0.001* 

Volume† 0.903 (0.888-0.916) < 0.001* 

 Assessor A 0.974 (0.948-0.987) < 0.001* 

 Assessor B 0.941 (0.935-0.947) < 0.001* 

Data are presented as mean (95% confidence interval). 

† Volume means the 3-dimensionally reconstructed volume of the 

intersectional area between the simulated central peg and glenoid vault.  

*Statistically significant. 
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2.2.3. Anatomic measurements 

The mean depth of the glenoid vault was 25.5 ± 3.0 mm (range 

19.3–31.5), and a sex-specific difference was not observed (26.9 

± 1.8 for men vs. 25.4 ± 3.1 for women, p = 0.607). The length 

of the simulated central peg was determined to be 35 mm, due to 

the maximum value of depth of the glenoid vault being 31.5 mm. 

The mean glenoid height was 33.5 ± 1.9 mm, and it was not 

statistically different according to sex (35.9 ± 1.1 for men vs. 33.4 

± 1.9 for women, p = 0.092). The mean glenoid width was 26.7 ± 

1.9 mm and was significantly larger in men (30.8 ± 1.9 for men vs. 

26.4 ± 1.6 for women, p = 0.005). Central peg inclination was 

9.8° ± 4.4° (7.3° ± 3.1° for men vs. 10.0° ± 4.5° for 

women, p = 0.414), and the glenoid version was retroverted at 

1.6° ± 4.7° (retroversion 2.7° ± 2.3° for men vs. 

retroversion 1.6° ± 4.9° for women, p = 0.662). The mean 

difference between CA and SA was 12.7° ± 2.2° (11.0° ± 

0.2° for men vs. 12.9° ± 2.2° for women, p = 0.331).  

Patient height correlated with the height (r = 0.627, p < 0.001) 

and width (r = 0.505, p = 0.004) of the glenoid. However, the 

depth of the glenoid vault (r = 0.119, p = 0.532), central peg 

inclination (r = −0.251, p = 0.181), glenoid version (r = −0.010, p 

= 0.960), and difference between CA and SA (r = 0.036, p = 

0.849) did not show a significant correlation. 

 

2.2.4. Optimal insertion site according to the STM of the baseplate 

and volumetric measurement 

The STM of the superior direction was 9.7 ± 1.9 mm, the 

inferior direction was 1.8 ± 1.6 mm, the anterior direction was 2.2 

± 0.9 mm, and the posterior direction was 1.6 ± 1.3 mm. The 
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mean overlapped volume between the simulated central peg and the 

glenoid vault was 623.0 ± 185.8 ml. Overlapped volume at the CIS 

was 715.7 ± 162.6 ml (Table 2). The optimal insertion site with 

the highest overlapped volume was 2 mm inferior and 2 mm 

posterior from the CIS (I2P2, 765.3 ± 157.5 ml). The least 

favorable insertion site was 6 mm inferior and 6 mm posterior to 

CIS (I6P6, 470.6 ± 192.4, Figure 6). The distribution of insertion 

sites grouped according to the mean overlapped volume by 100 ml 

suggested that slightly inferiorly and posteriorly located insertion 

sites had higher overlapped volumes (Figure 9).
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Table 2. The overlapped volume between the simulated central peg and glenoid vault according to the insertion sites 

 A6 A4 A2 0 P2 P4 P6 

S6 482.3 ± 142.5 572.8 ± 139.8 626.6 ± 139.9 680.4 ± 148.3 712.6 ± 166.1 642.5 ± 183.4 493.4 ± 169.2 

S4 475.6 ± 130.2 564.9 ± 134.1 627.9 ± 144.8 695.4 ± 156.3 740.4 ± 165.1 685.1 ± 195.2 537.0 ± 192.5 

S2 477.5 ± 121.3 565.7 ± 132.8 633.1 ± 151.4 709.5 ± 161.9 757.8 ± 162.6 712.4 ± 198.2 566.1 ± 211.9 

0 479.9 ± 116.2 567.7 ± 132.5 637.7 ± 154.4 715.7 ± 162.6 765.1 ± 156.8 726.3 ± 197.2 577.4 ± 224.2 

I2 483.4 ± 117.7 571.0 ± 135.3 638.4 ± 159.8 715.3 ± 164.4 765.3 ± 157.5 720.4 ± 193.7 565.8 ± 223.8 

I4 487.7 ± 124.0 573.7 ± 139.0 634.0 ± 162.0 707.4 ± 166.3 753.8 ± 158.8 695.2 ± 190.9 529.7 ± 209.7 

I6 494.7 ± 130.4 582.3 ± 144.6 639.2 ± 159.5 699.4 ± 158.5 726.2 ± 157.2 647.5 ± 191.2 470.6 ± 192.4 

Data are presented as mean ± standard deviation (ml). 

S superiorly located from conventional insertion site (CIS), I inferiorly located from CIS, A anteriorly located from CIS, P 

posteriorly located from CIS, 0 0 mm located from CIS, 2 2 mm located from CIS, 4 4 mm located from CIS, 6 6 mm located from 

CIS
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Figure 9. Insertion sites were grouped according to the overlapped volume 

between the simulated central peg and glenoid vault as below: group 1 

(>750 ml, brown), group 2 (>700 ml, red), group 3 (>600 ml, orange), 

group 4 (>500 ml, yellow), and group 5 (≤500 ml, white). 
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2.2.5. The length of peripheral screws 

The lengths of peripheral screws at CIS were 25.6 ± 4.7 mm 

(superior), 28.2 ± 4.1 mm (inferior), 14.6 ± 3.2 mm (anterior), and 

11.1 ± 3.5 mm (posterior), and the lengths of peripheral screws at 

the optimal insertion site (I2P2) were 25.5 ± 4.9 mm (superior), 

28.3 ± 4.8 mm (inferior), 15.6 ± 4.6 mm (anterior), and 10.7 ± 4.1 

mm (posterior), respectively. These were not significantly different 

between CIS and I2P2 (all p > 0.05, Table 3). 
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Table 3. The length of the peripheral screws according to the insertion 

site 

 Length, mm Significance 

Superior screw   

 Conventional insertion site 25.6 ± 4.7 
0.800 

Optimal insertion site 25.5 ± 4.9 

Inferior screw   

 Conventional insertion site 28.2 ± 4.1 
0.925 

Optimal insertion site 28.3 ± 4.8 

Anterior screw   

 Conventional insertion site 14.6 ± 3.2 
0.059 

Optimal insertion site 15.6 ± 4.6 

Posterior screw   

 Conventional insertion site 11.1 ± 3.5 
0.317 

Optimal insertion site 10.7 ± 4.1 

Data are presented as mean ± standard deviation. 
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2.3. Discussion 

 

In this study, the optimal insertion site of the baseplate was 

evaluated using CT and 3D image processing software with 

excellent inter- and intra-observer reliabilities. This method 

directly assessed the overlapped volume between the simulated 

central peg and glenoid vault. The height and width of the glenoid 

correlated with the height of each patient. The CIS presented a 

favorable overlapped volume. However, combining the results of 

volumetric measurements according to insertion sites and the STM, 

the optimal insertion site to maximize the stability of the glenoid 

baseplate seemed to be located slightly inferior and posterior. The 

length of peripheral screws was also not significantly different 

between CIS and optimal insertion sites. 

Firm fixation of the baseplate is a well-known prognostic factor 

for the outcome of RTSA. Iannotti et al. have shown that the 

conventional guide pin insertion technique with standard 

instrumentation alone can often lead to unsatisfactory outcomes 

(43). Therefore, additional procedures such as patient-specific 

instruments (PSI) or navigation-guided surgery (NGS) are 

attempted in severe glenoid wear cases to secure the optimal 

insertion site for the baseplate. Although PSI and/or NGS have 

helped achieve favorable outcomes in both clinical and basic 

research (44-46), these methods are expensive. Performing PSI 

involves additional costs of developing instrumentation (47). On the 

other hand, NGS needs a more extended skin incision to attach a 

marker to the coracoid process (48) and increased procedural time 

(49) to register glenoid anatomy. Furthermore, follow-up data from 

long-term follow-up are still absent. Therefore, despite the 
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theoretical advantage of PSI and/or NGS, these methods cannot be 

applied to all RTSA cases in actual clinical situations (47). 

While the CIS is widely used to achieve strong baseplate fixation, 

scientific evidence for the optimal insertion site remains insufficient 

(30, 31, 50). Rispoli et al. reported that the central point at the 

articular surface was slightly deviated anteriorly and inferiorly from 

the center point at a depth of 15 mm from the articular surface (31). 

Conversely, the overlapped volume between the simulated central 

peg and the glenoid vault was slightly higher in the posterior region 

in this study, consistent with results from a previous study by 

Matsuki et al. (30). This difference might be attributed to the 

different patterns of glenoid wear according to disease entity 

(osteoarthritis (31) vs. non-arthritis shoulder disease including 

rotator cuff tear, frozen shoulder, and impingement syndrome (30)) 

or inter-racial anatomical differences (37). 

Several previous studies have reported the necessity of a small 

baseplate in the East Asian population (34-36). Cabezas et al. have 

reported that the size of the glenoid is smaller in the East Asian 

population than in the North American population (37). Therefore, 

the conventional baseplate which was developed according to the 

anatomical characteristics of Caucasians seemed to be large in the 

East Asian population (34). We have reported that the central cage 

of the elliptical shape baseplate was not appropriately inserted in 

31.8% of patients (34). In this study, all cases of central cage 

exposure from the glenoid vault were superior to posterior in the 

glenoid vault, and we have recommended that the central cage 

should be placed lower than the usually targeted insertion point, 

especially in patients with a small glenoid (34). However, although 

we have reported the necessity of lowering the baseplate insertion, 
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we could not have provided the detailed anatomical information 

which avoids the inappropriate insertion of the baseplate. Therefore, 

we compared the overlapped volume according to insertion sites by 

2 mm interval from CIS and considered that this study provided the 

theoretical evidence which explains the reason for central cage 

exposure from the glenoid vault in patients with small glenoids (34). 

The methodology of this study seemed similar to that of Matsuki 

et al.’s previous study (30), however, their method has several 

limitations. First, Matsuki et al. determined the glenoid plane using 

the bisecting line which connects the superior and inferior ends of 

the glenoid. However, as the glenoid has a pear-like morphological 

shape with wider width in the lower portion, setting the glenoid 

center based on the line bisecting the vertical axis is more likely to 

be set above the real anatomical center, and the glenoid inclination 

might be underestimated. Second, they measured the depth of the 

glenoid vault from the glenoid surface. However, the baseplate is 

usually inserted after reaming of the glenoid surface, and we 

considered that the depth of the glenoid vault might be 

overestimated as it was measured apart from the center. 

Scapular notching, erosion of the inferior scapular neck provoked 

by impingement of the humeral component during adduction, is a 

common radiographic finding after RTSA (51). Although, the clinical 

importance and the optimal treatment of scapular notching are still 

unclear (52), however, recent meta-analyses presented that 

functional outcomes were significantly worse in patients with 

scapular notching after RTSA (53). 

To avoid scapular notching, improvements in the design of 

implants and surgical techniques have been made. Regarding the 

design of implants, the concept of lateralized RTSA including 
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glenosphere with a larger diameter and/or lateralized offset and 

humeral component with lower neck-shaft angle and/or onlay 

design has been introduced. These modifications in implant design 

increased the impingement-free ROM, and decrease the incidence 

of scapular notching (54-59). However, micromotion of glenoid 

implant caused by the increased shear force in baseplate interface 

was larger in lateralized glenoid component RTSA (60), and 

scapular fracture originating from the increased deltoid tension 

secondary to the overlengthening arm more frequently occurred 

with the only humeral component (61, 62). Therefore, there has 

been still no consensus on which design is better, and we have 

considered that influence of implant design on scapular notching 

and/or stability of RTSA could not be evaluated in this study. To 

elucidate these issues, further biomechanical studies or finite 

element analyses (FEA) are required. 

Surgical techniques related to placing the glenoid component are 

another key to decreasing the scapular notching. To avoid 

impingement between the inferior scapular neck and humeral 

component, many orthopedic surgeons insert the glenoid implant 

with reference to the inferior margin of the glenoid. This surgical 

technique enables inferior overhang which is the inferior border of 

the glenosphere extended below the inferior glenoid rim. An inferior 

overhang could increase the impingement-free ROM and reduce the 

incidence of scapular notching (51, 63). However, as noted in the 

current study, the glenoid size can vary according to a patient’s 

height. Therefore, the optimal insertion site based on the inferior 

margin of the glenoid was considered to vary depending on the size 

of the glenoid. Since we aimed to determine an optimal insertion 

site to achieve the most robust central fixation, we assumed that 
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using CIS as a reference might be better than using an inferior 

margin to achieve consistent outcomes. 

The inferior tilt of the glenoid component is another surgical 

option to avoid scapular notching (64). We simulated the insertion 

of the baseplate along the central axis connecting CIS and MP, and 

it was 9.8° inferior tilted from the glenoid surface. Although we 

did not measure the volumetric difference according to the tilting 

angle of the glenoid baseplate, several previous studies have 

reported that the inferior glenoid baseplate tilt, approximately 10°–

15°, is better than a neutral or superior tilt (28, 65) in clinical and 

biomechanical aspects. We considered that inferior tilt, obtained 

through the largest amount of glenoid bone stock, is one of the 

reasons for the superior clinical and biomechanical results of the 

inferior glenoid baseplate tilt. Moreover, we considered that the 

axis of the scapular spine may be used as a surgical landmark to 

determine the tilting angle of the glenoid baseplate. The mean 

difference angle between CA and SA was 12.7°, which did not 

correlate with the height of the patients. Although the tilting angle 

of the glenoid baseplate may not be accurately measured without 

NGS, the scapular spine could be palpated easily during surgery. 

Therefore, we thought that axis of the scapular spine is useful as a 

palpable landmark to determine the insertion angle for the central 

peg without NGS. 

Another factor affecting the stability of the glenoid baseplate is 

the size and design of an implant and the fixation force provided by 

the peripheral screws. As we described above, many orthopaedic 

surgeons insert the glenosphere concerning the inferior margin of 

the glenoid to achieve an inferior overhang. However, the baseplate 

is not solely fixed by the central fixator, but the number and/or the 
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length of peripheral screws also affect the fixation force of the 

baseplate (33). Therefore, we thought that the baseplate should be 

located within the range where all peripheral screws were 

purchased in the glenoid vault. To maintain stability based on the 

peripheral screw fixation and maximize the safety of baseplate 

transference, we calculated the STM using the data from an implant 

with the largest diameter of the virtual circle originating from the 

outermost part of the screw holes for peripheral fixation. However, 

it should also be noted that the STM should differ according to the 

size and design of an implant. Therefore, we recommend that the 

surgeons consider each implant's characteristics used in RTSA and 

that manufacturers should elucidate the detailed specification sheet 

for implants, including the size and radius of the outermost 

peripheral screws.  

Considering the overlapped volume between the virtual central 

peg and glenoid vault as well as the STM of the baseplate together, 

we regarded CIS as a suitable but not optimal insertion site. Our 

findings suggest that the optimal insertion site of a glenoid 

baseplate is slightly inferiorly and posteriorly located from the CIS. 

Furthermore, the length of the peripheral screws was not 

significantly different between CIS and the optimal insertion site. 

Although the real length of the peripheral screw can be modified 

according to the thickness of the baseplate and insertion angle of 

the peripheral screw, we considered that the information regarding 

the length of the peripheral screw has clinical value as it has been 

measured in the same way under equal conditions. Therefore, we 

estimated that peripheral fixation force may not be different 

between CIS and optimal insertion sites. 

To the best of our knowledge, this is the first study to measure 
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the stability of the central peg using a volumetric measurement of 

the overlapped area between the central peg and glenoid vault. As 

an advantage, our findings are based on simulations of real clinical 

situations. However, a few limitations of this study should be 

considered when interpreting our findings.  

The process of reconstructing and measuring the anatomical 

characteristics of 3D-reconstructed images is a time-consuming 

task. Therefore, the sample size of this study was relatively small. 

However, we calculated the sample size using the previous study 

and enrolled a larger number of patients than the calculated sample 

size to obtain a normal distribution of data. Furthermore, inter- and 

intra-observer reliabilities were excellent, and our findings are 

similar to those of a previous study (37). Therefore, we believe 

that the biases arising from the small sample size were controlled. 

Additionally, the difference in sex distribution of participants 

could be considered a limitation. Although we enrolled participants 

in this study according to pre-determined criteria, sexual 

inhomogeneity remained, and sex-specific anatomical differences 

of the glenoid could have introduced a bias. Therefore, future 

studies must consider evaluating the sex-specific differences in 

anatomy.  

Interracial anatomical differences might be another limitation. We 

could not include different racial subgroups in our study. Therefore, 

future studies based on the methodology of this study should 

consider enrolling participants with diverse racial backgrounds to 

account for inter-racial anatomical differences. 

The presence of osteoporosis could affect the accuracy of three-

dimensional reconstruction. However, dual-energy X-ray 

absorptiometry of the hip and lumbar spine might not accurately 
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assess the focal bone mineral density of the bony structure of the 

shoulder joint (66-68). Furthermore, measurement was conducted 

at different 49 insertion points, therefore, we considered that 

although the presence of osteoporosis might act as the cause of 

measurement error, however, it is unlikely to cause bias. Moreover, 

the reconstruction process was semi-automatically conducted using 

preset values originating from the validated, commercially available 

software (38, 39, 69). Also, the study design was not appropriate to 

evaluate the accuracy of the three-dimensional reconstruction of 

glenoids according to the presence of osteoporosis. To resolve this 

issue, further finite element analysis will be needed. 

Moreover, measuring the STM using a single implant may be 

considered another limitation of this study. Despite best efforts to 

minimize the STM, we could not guarantee the accuracy of STM for 

the elliptical and/or non-circular type baseplate. However, a 

comparison of fixation force according to the design of the 

baseplate could be conducted through biomechanical study and/or 

finite element analysis. Furthermore, most manufacturers did not 

reveal their detailed design sheets; therefore, the authors only used 

the data of implants wherein an accurate size could be selected to 

maximize safety and minimize STM size in circular baseplates. For 

the same reason, we could not evaluate the overlapped volume 

between the glenoid vault and implants in line with the difference in 

the design of the central fixator.  

Lastly, the concept of scapular notching was not considered in 

this study. However, scapular notching is caused by multifactorial 

risk factors including anatomical characteristics of patients (70, 71), 

design of implants (54-59), and surgical techniques (51, 63). 

Therefore, we considered that to evaluate the correlation between 
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scapular notching and the design of implants and/or surgical 

techniques, biomechanical study or finite element analysis would be 

more suitable.
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Chapter 3. Conclusion 

 

The most abundant point of glenoid bone stock is 2 mm inferiorly 

and posteriorly located from the CIS. This anatomical finding may 

be used as a reference to determine the optimal insertion site of 

baseplates according to the implant of each surgeon’s choice, along 

with several other considerations to reduce scapular notching. 
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국문 초록 
목적: 역행성 인공관절 치환술에서 관절와 치환물의 통상적 삽입 위치 

(conventional insertion site, CIS)는 관절와의 수직 장축과 수평 

장축이 교차하는 부위였다. 그러나 통상적 삽입 위치의 골량이 가장 

이상적이라는 이론적 근거는 희박하다. 이에 3차원 영상 재구성을 통한 

관절와의 골량의 정량적 부피 측정 방법을 통해 관절와 치환물의 최적의 

삽입 위치를 평가하고자 한다. 

방법: 연속적으로 행해진 30례의 역행성 인공관절 치환술의 수술 전 

컴퓨터 단층 촬영 영상(computed tomography, CT)을 3차원 영상 

재구성 프로그램을 통해 분석하고, 마찬가지로 3차원으로 구성한 관절와 

치환물의 중심부 고정물을 삽입을 모사하였다. 모사한 중심부 고정물은 

관절와의 통상적 삽입 위치를 기준으로 하여 관절와의 수직 장축과 수평 

장축을 따라 2mm 간격으로 표기한 격자형의 49개의 지점에서 

삽입하였으며, 삽입된 중심부 고정물과 관절와의 골성 구조 간 중첩되는 

부분의 부피를 측정하여, 중심부 고정물의 고정에 사용되는 골량을 

정량적으로 계산하였다.  

결과: 관절와의 깊이는 평균 25.5 ± 3.0 mm (범위 19.3–31.5)였으며, 

모사한 관절와 치환물 중심부 고정물과 관절와 간 중첩되는 부분의 

부피는 평균 623.0 ± 185.8 ml였다. 중심부 구정물의 고정에 가장 

적합한 위치는 기존의 통상적 삽입 위치보다 2mm 하방, 2mm 후방에 

위치하였으며, 최적 삽입 위치에서의 골량은 평균 765.3 ± 157.5 

ml였다. 

결론: 관절와 치환물의 최적의 삽입 위치는 통상적 삽입 위치에 비해서 

하방, 후방으로 전위되어 있다. 이러한 해부학적 정보는 각 술자들이 

선택한 인공관절 치환물의 삽입에 있어 임상적 기준점으로 사용될 수 

있을 것이다. 

주요 단어: 관절와 치환물, 역행성 인공관절 치환술, 관절와 치환물의 

최적 삽입 위치, 3차원 부피 측정  

학번: 2018-35046  
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