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1. Introduction

Reverse total shoulder arthroplasty (RTSA), originally designed by

Grammont and associates (1), reduced pain and restored shoulder motion

in patients with irreparable cuff tears, rotator cuff arthropathy, and other

complicated shoulder diseases (2-6). The indications for RTSA have re-

cently been expanded to include active, higher-demand patients with

shoulder pathologies. Although satisfactory clinical outcomes of RTSA

have been demonstrated, the development of various complications (e.g.,

scapular notching, glenoid loosening, acromial stress fracture, and post-

operative scapular fracture) can occur, and there are still poor outcomes

despite the application of consistent technique by the surgeon (7-9). The

original reverse prosthesis design, introduced by Dr. Paul Grammont in

1985, was based on several basic principles: [1] the center of rotation of

the glenohumeral joint placed inferior and medial, [2] the implant must

be essentially stable, [3] the deltoid muscle should be effective (10,11).

Practically, however, there are many difficulties with regard to the

methods for ideally assessing implant position in relation to anatomic

characteristics.

Patient-related factors and multiple implant-related on both the gle-

noid and humeral sides play an important role in improving results.

Many researches have recently been conducted to get better the design

of the RTSA construct and surgical procedure to optimize results (12).

Despite various studies, the optimum position of the implant for allowing

maximum range of motion (ROM) and outcomes remains debated. In

addition, there is some inconsistency in certain of these factors. For ex-

ample, Sabesan et al. (12) suggested that lengthening of deltoid does not

correlate with recovery in active ROM. In contrast, Jobin et al. (13)
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concluded that deltoid lengthening improves active forward elevation af-

ter RTSA.

Furthermore, no comprehensive study on the association between vari-

ous radiographic parameters and functional results has been conducted.

The aim of this study was to analyze various radiographic parameters

that may be predictive of clinical outcomes after RTSA. This study was

conducted to verify the hypothesis that there would be several sig-

nificant correlations between radiographic parameters and clinical out-

comes following RTSA.
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2. Materials and Methods

2.1. Patient Selection:

This paper was approved by the institutional review board of

Dongsan hospital (IRB No: 2021-04-001). A total of 55 patients who un-

derwent RTSA by a single surgeon between June 2010 and December

2017 with a minimum follow-up period of two years were included.

Inclusion criteria were as follows: 1) patients with cuff tear arthropathy,

2) pseudoparesis with an irreparable massive rotator cuff tear. Painful

pseudoparesis was defined as active shoulder forward flexion (FF) < 90

° in the presence of full passive forward flexion. Exclusion criteria in-

cluded patients who: 1) had a fracture or severe deformed osteoarthritis

that is difficult to measure, 2) had revision RTSA or infection, 3) in-

adequate medical records (Figure 1).

2.2. Surgical Procedure and Rehabilitation:

The operation was undergone with the patients in the beach-chair po-

sition using the delto-pectoral approach. The TM reverse shoulder sys-

tem (Zimmer, Warsaw, USA) was used in 21 cases, the Aequalis

(Tornier, Montbonnot Saint Martin, France) in 21 cases, and the

Equinoxe (Exactech, Gainesville, USA) in 13 cases. The operated

shoulder was not mobilized in a sling for six weeks after surgery.

Passive ROM exercises were started two weeks after surgery, and ac-

tive ROM exercises were started six weeks after surgery.
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2.3. Radiographical Measurements:

Radiographs included a true anteroposterior (AP) view of the gleno-

humeral joint in neutral rotation and an axial view of a computed to-

mography (CT) scan. Assessments were performed using the Infinitt

PACS (Infinitt Healthcare Co., Seoul, South Korea) digital imaging

system.

Radiographic parameters including critical shoulder angle (CSA), acro-

mial index (AI), acromiohumeral interval (AHI), deltoid lever arm (DLA),

acromial angulation (AA), Glenoid version (GV), and acromial height

(AH) were evaluated for each patient before surgery. Postoperative

measurements were repeated for CSA, AI, AHI, and DLA.

The CSA was measured in AP radiographs as described by Moor et

al. (14). The CSA was defined as the angle between a line from the

upper to the lower glenoid rim and a second line from the lower glenoid

rim to the most lateral edge of acromion . The AI was defined as a ra-

tio of the distance from the glenoid to the lateral edge of the acromion

over the distance from the glenoid to the lateral edge of the greater tu-

berosity (Figure 2) (15). The AHI was measured by calculating the dis-

tance from the undersurface of the acromion to the greater tuberosity

perpendicular to the long axis of the acromial body (15). The DLA was

measured from the center of rotation (COR) perpendicularly to a line

from the acromion to the deltoid tuberosity (12). The COR was meas-

ured as the center of a best-fit circle of the glenosphere (Figure 3) (12).

The GV was measured as the angle between the glenoid line and the

line perpendicular to the scapular axis (16). The glenoid line is measured

connecting the anterior and posterior margins of the glenoid fossa, and

the scapular axis is defined from the most medial aspect of the scapula
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body to the center of the glenoid fossa. The AA was measured in AP

radiographs (16). The AA was defined as the angle between a line from

the upper to the lower glenoid rim and a second line set on the under-

surface of the acromial roof. The AH was defined in AP radiographs

from the most inferior point of the glenoid to the undersurface of the

acromial roof (Figure 4) (17).

All measurements were performed independently by two orthopedic

surgeons blinded to clinical outcomes. And a randomized analysis was

repeated by the investigators four weeks later for evaluation of interob-

server reliability.

2.4. Clinical Outcomes and Ranges of Motion:

Clinical outcomes were assessed using a visual analog scale (VAS)

for pain, the University of California at Los Angeles (UCLA) shoulder

score, and American Shoulder and Elbow Surgeon (ASES) score. Active

ROM was assessed FF, external rotation (ER) with the arm at the side,

and internal rotation (IR) with the arm at the back. FF was measured

in degrees between the thorax and the arm with the elbow held

straight, and ER with 0 ˚ of shoulder abduction was assessed with the

elbow in 90 ˚ of flexion between the forearm and the thorax. IR was

measured using an indirect method called “hand behind the back” where

the hand was placed behind the back, and the vertebral level reached by

the tip of the extended thumb was measured. For statistical analysis of

IR, values were converted into changed numbered groups: 1 to 12 for

T1 to T12, 13 to 17 for L1 to L5, 18 for the sacrum, and 19 for the

buttock (18). A clinical examination was performed by an independent

study coordinator, and these scores and ROMs were obtained at routine



- 6 -

preoperative and postoperative clinic visits.

2.5. Statistical Physics Analysis:

IBM SPSS ver. 25.0 (IBM Co., Armonk, NY, USA) was used for all

data analyses. Inter- and intra-rater reliability were assessed by calcu-

lating the Fleiss k correlation coefficient (19). The interpretation of the

strength of agreement determined by the k values was dependent on the

criteria of Landis and Koch (20) : values of 0 to 0.20, slight agreement;

0.21 to 0.40, fair agreement; 0.41 to 0.60, moderate agreement; 0.61 to

0.80, substantial agreement; and 0.81 to 1.00 indicate almost perfect

agreement. The paired t-test was used for comparison of the pre-

operative and final clinical scores and ROMs. Pearson correlation co-

efficients were used to examine the relationships between radiographic

parameters and clinical outcomes. The variation in ROM and clinical

outcomes was examined using receiver operating characteristic curves to

establish cut scores for each radiographical parameter that influenced the

recorded outcomes. Statistical significance was defined at p < 0.05 for

all statistical comparisons and additionally for the receiver operating

characteristic curve analysis of a minimum area under the curve (AUC)

> 0.60 (15).
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Figure 1. Patient’s flow chart. A total of 55 patients who underwent re-

verse total shoulder arthroplasty by a single surgeon between

June 2010 and December 2017 with a minimum follow-up pe-

riod of two years were included.
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Figure 2. Radiographical measurement Ⅰ. (A) Preoperative critical shoulder

angle. (B) Postoperative critical shoulder angle. (C) Preoperative

acromial index. (D) Postoperative acromial index. AI: acromial

index; GA: the distance from the glenoid to the lateral edge of

the acromion; GH: the distance from the glenoid to the lateral

edge of the greater tuberosity.
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Figure 3. Radiographical measurement Ⅱ. (A) Preoperative acromio-

humeral interval. (B) Postoperative acromiohumeral interval.

(C) Preoperative deltoid lever arm. (D) Postoperative deltoid

lever arm. AHI: acromiohumeral interval; DLA: deltoid lever

arm.
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Figure 4. Radiographical measurement Ⅲ. (A) Glenoid version. (B)

Acromial angulation. (C) Acromial height. AA: acromial angu-

lation; AH: acromial height; GV: Glenoid version.
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3. Results

Overall, 55 RTSAs were evaluated, including 13 males and 42 females

with a average age of 72.0 ± 9.5 years (range, 60-83 years). The aver-

age follow-up period was 40.0 ± 15.1 months (range, 24-93 months).

Implants were used 39 right shoulders and 16 left shoulders. Of the pa-

tients, 33 were rotator cuff tear arthropathy, and 22 were massive rota-

tor cuff tears (Table 1). Inter-rater and intra-rater reliability were cal-

culated for all measured radiographical parameters. Most of the parame-

ters showed excellent reliability. Good interclass correlation coefficient

(ICC) was found for AA, and fair to good ICC was found for GV

(Table 2).

Overall, a significant change in CSA, AHI, and DLA was observed

between preoperative and postoperative measurements. In addition, there

was a significant improvement in all clinical outcomes and ROMs from

preoperative to postoperative (Table 3&4).

The details of the associated p values and correlations are described

in Table 5. Postoperative AHI had a significant correlation with FF (r =

-0.270; p < 0.05), ER (r = -0.421; p < 0.01), and IR (r = 0.275; p <

0.05) at final follow-up. In addition, GV showed a significant negative

correlation with UCLA score (r = -0.292; p < 0.05).

A contingency table was used to evaluate the predictive value of the

postoperative AHI on the ability to obtain 130 ° of FF, 45 ° of ER, and

14 of IR. If the AHI was greater than 29 mm, there was a 50% chance

of obtaining at least 130 ° of FF and a 56% chance of obtaining at least

45 ° of ER. If the distance was less, there was an 86% chance of more

than 130 ° of FF (AUC 0.688, 95% confidence interval (CI) 0.522-0.853,

p < 0.05) and an 86% chance of obtaining at least 45 ° of ER (AUC
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0.689, 95% CI 0.515-0.862, p < 0.05). However, no significant correlation

was found between increased IR and AHI (AUC 0.612, 95% CI

0.451-0.773, p > 0.05) (Figure 5).

Scapular notching was observed in 25 shoulders. According to the

Sirveaux classification (21). it was confirmed grade 1 in 20 cases, grade

2 in three cases, and grade 3 in two cases. There were three cases of

brachial plexus nerve palsy. All patients recovered spontaneously at one,

two, and four months after surgery, respectively. However, no severe or

systemic complication occurred in any of the patients.
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Table 1. Demographics Data

Clinical characteristic

Age (year) 72.0 ± 5.3

Sex (male/female) 13 / 42

BMI (kg/m2) 24.7 ± 3.8

Follow-up (months) 40.0 ± 15.1

Affected arm (right/left) 39 / 16

Diagnosis

Cuff tear arthropathy 33

Massive rotator cuff tear 22

BMI: body mass index.
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Table 2. Inter- and Intra-rater Reliability for All Radiographic

Measurements and Mean Values for Radiographic Analysis

Inter ICC 95% CI Intra ICC 95% CI Reliability

Preoperative CSA 0.804 [0.704-0.870] 0.801 [0.699-0.868] Excellent

Postoperative CSA 0.875 [0.812-0.917] 0.936 [0.901-0.959] Excellent

Preoperative AI 0.828 [0.740-0.886] 0.893 [0.839-0.929] Excellent

Postoperative AI 0.894 [0.840-0.930] 0.976 [0.963-0.984] Excellent

Preoperative AHI 0.734 [0.680-0.772] 0.853 [0.776-0.903]
Good-

Excellent

Postoperative AHI 0.779 [0.718-0.820] 0.861 [0.788-0.908] Excellent

Preoperative DLA 0.813 [0.718-0.876] 0.917 [0.875-0.945] Excellent

Postoperative DLA 0.831 [0.689-0.901] 0.945 [0.901-0.968] Excellent

Acromial angulation 0.704 [0.618-0.766] 0.719 [0.639-0.776] Good

Glenoid version 0.451 [0.384-0.499] 0.600 [0.440-0.705] Fair-Good

Acromial height 0.913 [0.868-0.942] 0.935 [0.902-0.957] Excellent

AHI: acromiohumeral interval; AI: acromial index; CI: confidence interval; CSA:

critical shoulder angle; DLA: deltoid lever arm; ICC: interclass correlation

coefficient.
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Table 3. Radiographic Variables: Preoperative, Postoperative, and Change

Preoperative Postoperative Change p-value

Critical shoulder angle (°) 35.9 ± 3.7 31.7 ± 5.3 -4.2 ± 6.0 < 0.001 *

Acromial index 0.72 ± 0.09 0.70 ± 0.12 -0.02 ± 0.12 > 0.05

Acromiohumeral interval

(mm)
7.3 ± 2.9 27.8 ± 6.0 20.5 ± 5.7 < 0.001 *

Deltoid lever arm (mm) 14.2 ± 5.1 41.0 ± 5.1 26.9 ± 5.3 < 0.001 *

Acromial angulation (°) 77.1 ± 7.1 - - -

Acromial height (mm) 54.0 ± 4.5 - - -

Glenoid version (°) 0.4 ± 3.8 - - -

*: Statistically significant.
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Table 4. Clinical Outcomes and Range of Motions: Preoperative,

Postoperative, and Change

Preoperative Postoperative Change p-value

VAS 7.0 ± 2.2 1.2 ± 1.8 -5.8 ±2.7 < 0.001 *

UCLA 12.4 ± 4.8 28.4 ± 4.4 16.1 ± 6.2 < 0.001 *

ASES 29.1 ± 15.8 82.4 ± 16.5 53.3 ± 21.1 < 0.001 *

Forward flexion (°) 70.0 ± 41.7 141.1 ± 20.5 71.5 ± 44.1 < 0.001 *

External rotation at side (°) 22.8 ± 19.6 50.8 ± 13.4 28.0 ± 23.7 < 0.001 *

Internal rotation at back 15.4 ± 2.3 14.2 ± 1.7 -1.16 ± 2.6 < 0.001 *

ASES: American Shoulder and Elbow Surgeon; UCLA: University of California

at Los Angeles; VAS: visual analog scale. *: Statistically significant.
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Table 5. Correlations and p-values of All Radiographic Measurements and Final Functional Outcomes

VAS score UCLA score ASES score Forward flexion External rotation Internal rotation

r value p-value r value p-value r value p-value r value p-value r value p-value r value p-value

Preoperative
CSA 0.010 > 0.05 -0.022 > 0.05 -0.033 > 0.05 -0.036 > 0.05 -0.140 > 0.05 0.185 > 0.05

Postoperative
CSA -0.102 > 0.05 0.108 > 0.05 0.057 > 0.05 0.255 > 0.05 0.008 > 0.05 0.086 > 0.05

Acromial
index -0.028 > 0.05 0.084 > 0.05 0.062 > 0.05 0.038 > 0.05 -0.063 > 0.05 0.141 > 0.05

Glenoid
height -0.080 > 0.05 0.037 > 0.05 -0.017 > 0.05 0.216 > 0.05 -0.002 > 0.05 0.080 > 0.05

Preoperative
AHI 0.009 > 0.05 -0.003 > 0.05 0.029 > 0.05 -0.107 > 0.05 -0.003 > 0.05 -0.002 > 0.05

Postoperative
AHI 0.076 > 0.05 -0.176 > 0.05 -0.102 > 0.05 -0.270 < 0.05 * -0.421 < 0.01 * 0.275 < 0.05 *

Preoperative
DLA 0.064 > 0.05 0.029 > 0.05 -0.002 > 0.05 -0.083 > 0.05 -0.055 > 0.05 0.187 > 0.05

Postoperative
DLA -0.010 > 0.05 -0.077 > 0.05 0.009 > 0.05 -0.160 > 0.05 -0.232 > 0.05 0.235 > 0.05

Acromial
angulation -0.061 > 0.05 0.063 > 0.05 0.071 > 0.05 0.127 > 0.05 0.092 > 0.05 -0.142 > 0.05

Glenoid
version 0.252 > 0.05 -0.292 < 0.05* -0.245 > 0.05 -0.092 > 0.05 0.015 > 0.05 -0.047 > 0.05

Acromial
height -0.070 > 0.05 0.073 > 0.05 0.124 > 0.05 0.047 > 0.05 0.009 > 0.05 0.111 > 0.05

AHI: acromiohumeral interval; ASES: American Shoulder and Elbow Surgeon; CSA: critical shoulder angle; DLA: deltoid

lever arm; UCLA: University of California at Los Angeles; VAS: visual analog scale. *: Statistical significance.
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Figure 5. The predictive value of postoperative acromiohumeral interval. When the postoperative acromio-

humeral interval was < 29 mm, then (A) nearly 86% of patients achieved > 130 ° of active for-

ward flexion. (B) Nearly 86% of patients achieved > 45 ° of external rotation. (C) Nearly 73% of

patients achieved ≤ 14 of internal rotation.
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4. Discussion

The current study was performed in order to identify radiographic pa-

rameters that may be associated with the clinical outcomes in patients

after RTSA. The main finding was that postoperative AHI showed an

association with ROMs at the final follow-up. However, the other radio-

graphic parameters showed no association with clinical outcomes and

ROMs. In particular, this study showed that 86% of included patients

with an AHI of 29 mm or less were able to achieve 130 ° of FF and 45 °

ER at the final follow-up.

There is still considerable debate regarding the radiographic parameter

of RTSA for optimal restoration of function while maintaining longevity.

Distalization of the COR is needful to provide space for unrestricted

ROM of the humeral motion and the deltoid muscle tension. Deltoid

muscle with ideal tension provides the stable fulcrum necessary for the

stability of the prosthesis and active movement of the shoulder.

However, over-lengthening is not helpful because it could worsen the

possibility of complications such as nerve injury, fixed abduction of the

arm, or postoperative acromial stress fracture (22-24). Additionally, fail-

ure to restore adequate deltoid muscle tension may occur in poor clinical

outcomes (25). Studies on the appropriate degree of distalization are still

in progress and have been conducted using arm length, deltoid length,

and AHI.

Ledermann et al. (25) used arm length to confirm correlation with

clinical outcomes and retrospectively reviewed 183 RTSA cases. They

concluded no correlation between improvements in ROM and arm

lengthening. However, better clinical outcomes were found with arm

lengthening than shortening. In addition, they recommended that length-
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ening above 25 mm compared with the contralateral side should not be

a surgical target. And Gerber et al. (26) also proposed a 20 to 30 mm

lengthening, as assessed with palpation from the lateral edge of the ac-

romion to the elbow.

Deltoid muscle lengthening is recognized empirically as a critical fuc-

tional attribute. Jobin et al. (13) prospectively evaluated 49 shoulders

undergoing RTSA. In their study, a strong correlation was observed be-

tween deltoid lengthening and active FF of the shoulder. However, they

did not observe over tension-related complications or discover a plateau

effect of deltoid muscle lengthening on FF. A study showing the oppo-

site result has been reported. Sabesan et al. conducted a multi-center

study of RTSA comparing the relationship between deltoid muscle

lengthening with functional results. As a result, they found that deltoid

lengthening showed no correlation with improvements in active FF or

ER (12).

The AHI depends on the thickness and size of the prosthesis, an ec-

centric center of glenosphere, and the location of the glenosphere im-

plant in the sagittal plane (25). In a multi-center study involving the

AHI, Berthold et al. investigated the prognostic radiographic factors af-

fecting functional results in patients with RTSA using a 135 ° implant

design (27). They found that postoperative AHI showed significant cor-

relations with FF and the clinical score. However, other radiographic

variables were negligible or not significant.

Although several studies have reported an association of implant de-

sign with postoperative clinical outcomes, these results were

controversial. Excessive lateralization of the humeral head can effect in

higher forces and soft tissue tension by deltoid muscle, leading to an

increased risk of an acromial stress fracture (28-31). The AI

(glenoid-acromial distance /glenohumeral distance) would represent later-
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alization of the humerus in this study. Roberson et al. (15) found that

postoperative AI of > 0.62 correlated with ASES score and Penn

Shoulder Score, which were 10 points higher than for RTSA patients

with an AI of < 0.6. Lateralization of the implant’s COR has been pro-

posed to reduce scapular notching, improve deltoid tension, and increase

shoulder ROM (31). COR or DLA of the glenohumeral joint may repre-

sent a medializing of the COR. Greiner et al. (32) performed prospective

research comparing the functional outcomes of non-lateralized versus

lateralized RTSA using a 10 mm-autogenous bone graft. They found a

significant improvement in ROM in the lateralized group. However, Jobin

et al. (13) found no functional correlation with the COR. Although no

significant differences between radiographic parameters related to the

medialized COR and lateralization of the humerus and clinical outcomes

were observed in this study, there was a substantial difference with the

implant types. The TM reverse shoulder system and the Equinoxe dem-

onstrated a substantial improvement in ER of the shoulder as compared

to the Aequalis (p < 0.05, p < 0.05, respectively). ER could be related

to lateralized implant type in this study. The TM reverse shoulder sys-

tem is a more lateralized glenoid implant than Aequalis. Equinoxe is a

more lateralized humeral implant than Aequalis. But, no significant dif-

ference in clinical outcomes was found with the use of these three im-

plant types.

This study has a few limitations. First, it is retrospective and has

limitations similar to those of other retrospective studies. However, a

retrospective analysis of the prospectively collected clinical data was

conducted. Second, the number of included patients was relatively small

(55 patients). Third, this study conducted only an Asian population of

patients who underwent surgery in South Korea. As such, the results

may only be generalizable to a similar population. The conduct of fur-
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ther studies in various ethnic groups is needed. Nevertheless, the

strength of this study is that the study was conducted in a homogenous

group of patients with RTSA performed by a single surgeon and in-

cluded comprehensive radiographic parameters.
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5. Summary

This study aimed to analyze various radiographic parameters that may

be predictive of clinical outcomes after RTSA. Fifty-five patients treated

with RTSA were enrolled. A total of 55 patients who underwent RTSA

by one surgeon between June 2010 and December 2017 with a minimum

two-year follow-up period were included. Inter-rater and intra-rater re-

liability were calculated for all measured radiographical parameters. Most

of the parameters showed excellent reliability. Postoperative AHI re-

vealed a significant correlation with FF (r = -0.270; p < 0.05), ER (r =

-0.421; p < 0.01), and IR (r = 0.275; p < 0.05) at final follow-up. In ad-

dition, excessive distalization reduced FF and ER motion of the shoulder

in patients who underwent RTSA. Therefore, surgeons must consider

and be critical of excessive lengthening of the deltoid muscle, which can

also have poor outcomes or complications. The conduct of a well-de-

signed prospective study is needed in order to understand the associa-

tion between comprehensive radiographic parameters and clinical

outcomes.
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(Abstract)

Reverse total shoulder arthroplasty (RTSA) improves function and re-

duces pain for patients with complex shoulder problems. However, there

is a lack of literature regarding the association of radiographic parame-

ters on clinical outcomes after RTSA. The aim of this study was to

analyze various radiographic parameters that may be predictive of clin-

ical outcomes after RTSA. A total of 55 patients treated with RTSA

were enrolled. Shoulder radiographic parameters were used for measure-

ment of critical shoulder angle (CSA), acromial index, acromiohumeral

interval (AHI), deltoid lever arm (DLA), acromial angulation, glenoid

version, and acromial height. Preoperative and postoperative clinical out-

comes were evaluated at a minimum 2-year follow-up. A significant
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correlation of postoperative AHI with forward flexion, external rotation,

and internal rotation was observed at final follow-up. In addition, post-

operative AHI less than 29 mm had an 86% positive predictive value of

obtaining 130 ° of forward flexion and 45 ° of external rotation. It was

found that postoperative AHI showed an association with active range

of motion in patients who underwent RTSA. In particular, excessive

distalization reduced forward flexion and external rotation motion of the

shoulder in patients treated with RTSA.
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역행성 견관절 전치환술 환자의

방사선학적 지표와 임상적인 결과 간의 상관관계

김 두 한

계명대학교 대학원

의학과 정형외과학 전공

(지도교수 조 철 현)

(초록)

복합성 어깨 질환을 가진 환자에 있어서 역행성 견관절 전치환술은 환자

의 통증을 줄여주고 어깨의 기능을 회복시켜준다. 그러나 역행성 견관절 전

치환술 환자의 여러 가지 방사선학적 지표와 임상적인 결과에 관한 연구는

거의 없다. 본 연구의 목적은 역행성 견관절 전치환술 후 다양한 방사선학

적 지표를 분석하여 임상적인 결과를 예측할 수 있을지 알아보고자 하였다.

역행성 견관절 전치환술을 시행받은 55명의 환자를 연구에 포함되었다. 어

깨의 방사선학적 지표로 critical shoulder angle (CSA), acromial index,

acromiohumeral interval (AHI), deltoid lever arm (DLA), acromial angu-

lation, glenoid version, and acromial height를 사용하였다. 수술 전 후 임

상적인 평가는 최소 2년 이상 추시관찰 하였다. 수술 후 AHI는 최종 추시

결과의 어깨의 전방거상, 외회전, 내회전에서 유의한 상관관계가 있었다. 추

가적인 분석으로 수술 후 AHI가 29 mm 이하인 군에서 86%의 양성예측율
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로 130 ° 이상 전방 거상과 45 ° 이상의 외회전이 측정되었다. 본 연구에서

수술 후 AHI는 역행성 견관절 전치환술 환자의 능동적 어깨 관절 운동과

연관성이 있었다. 특히 과도한 견관절의 원위전위는 환자의 어깨 전방거상

및 외회전을 감소시키는 것으로 확인되었다.
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