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Background: Osteoporosis is an important clinical factor for tendon healing after ar-
throscopic rotator cuff repair (ARCR). Conventional dual energy X-ray absorptiometry 
(DXA) of the hip and lumbar spine (LS) does not represent proximal humeral bone min-
eral density (BMD). Theoretically, direct measurement of the BMD of the proximal hu-
merus is the best method; however, it is not popular and is non-standardized. Therefore, 
we evaluate whether the trabecular bone score (TBS) using LS DXA would represent 
proximal humeral BMD. Methods: Conventional hip and LS DXA and proximal humeral 
BMD were measured in 212 consecutive ARCR patients, and TBS was calculated using LS 
DXA. Comparative analysis between the affected and contralateral asymptomatic shoul-
ders was done; moreover, correlation analysis was conducted to evaluate the represen-
tativity of TBS for proximal humeral BMD. Regression analysis was performed to eluci-
date the risk factor of intraoperative suture anchor failure (ISAF). Results: BMDs of the 
affected shoulder were significantly lower than those of the contralateral side (all P<0.05). 
TBS failed to present a strong correlation with proximal humeral BMD (correlation coeffi-
cients 0.155-0.506, all P<0.05), and the BMD of the greater tuberosity (GT) of the proxi-
mal humerus was revealed to be a sole risk factor for ISAF (odds ratio, 0.01, P=0.020). 
Conclusions: TBS and conventional hip and LS DXA did not represent proximal humeral 
BMD. Furthermore, among the various radiological measurements, the BMD of the GT 
was a sole risk factor of ISAF. Therefore, further research for the direct measurement of 
proximal humeral BMD is mandatory to predict proximal humeral focal osteoporosis.
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INTRODUCTION

In countries that are entering an aging society, the importance of osteoporosis 
is increasing, not only from a medical issue but also from a socio-economic point 
of view. The lifetime risk of a typical osteoporotic fracture has been reported up to 
40%.[1] Furthermore, osteoporosis is a spectrum of degenerative changes related 
to aging process, and it is closely related not only to fracture but also to several 
degenerative diseases including rotator cuff tear (RCT).[2,3]

RCT is one of the most common degenerative diseases related to aging process.
[4] Therefore, RCT is frequently diagnosed in elderly patients, and as a result, os-
teoporosis and/or osteopenia was relatively commonly diagnosed in patients with 
RCT.[5] Moreover, osteoporosis also affects the prognosis of rotator cuff repair. 
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Lower bone mineral density (BMD) was reported as a risk 
factor of healing failure after rotator cuff repair.[2,6,7] Fur-
thermore, a previous study presented that healing of re-
paired rotator cuff could be enhanced with anabolic agent 
like recombinant human parathyroid hormone which pro-
motes bone formation.[8]

Currently, dual energy X-ray absorptiometry (DXA) of hip 
and lumbar spine (LS) is the gold standard to diagnose os-
teoporosis, however, DXA presented wide variation accord-
ing to measured anatomical site.[9] Moreover, chronic RCT 
provokes the focal osteoporosis of greater tuberosity (GT) 
of humerus based on the disuse of affected shoulder and 
lack of rotator cuff stress over the GT.[10,11] Therefore, es-
timation of focal osteoporosis of proximal humeri using 
conventional hip and LS DXA could not guarantee accura-
cy.[12]

Furthermore, although DXA is the gold standard method 
of diagnosing osteoporosis, it cannot assess the microstruc-
ture of bone. Therefore, trabecular bone score (TBS) was 
introduced as a new parameter that could quantitatively 
measure the microstructure of bone.[13] Several previous 
studies argued that TBS was a more appropriate method 
to predict the risk of osteoporotic fracture, not only verte-
bra,[13-16] but also other bones including humerus.[16]

Theoretically, to predict the bone quality of proximal hu-
merus, direct measurement of proximal humeral BMD would 
be the best method.[12,17] However, measurement of the 
proximal humeral BMD using DXA and/or quantitative com-
puted tomography is not a popularly used method. More-
over, proximal humeral BMD still has not clinical criteria 
like T-score of hip and LS DXA, due to absence of normal 
population data. Therefore, we hypothesized that TBS would 
more appropriately represent the proximal humeral BMD 
compared with conventional hip and LS DXA, and TBS would 
be the predictor of suture anchor failure. Evaluating hypoth-
esis, we compare the correlation between proximal humer-
al BMD and raw value of hip and LS BMD, T-score of con-
ventional DXA, and TBS, and evaluate the risk factor of su-
ture anchor failure.

METHODS

Authors retrospectively reviewed the medical records of 
consecutive 542 patients who underwent arthroscopic ro-
tator cuff repair (ARCR), which was performed by 1 surgeon 

(J.H.O.) between 2010 and 2011, under the approval of the 
Institutional Review Board (IRB) of the senior author’s affili-
ation (IRB no. B-1506/304-103). Of 542 patients of ARCR, 
235 patients who measure the proximal humeral BMD us-
ing DXA were included, and patients with previous surgical 
history in ipsilateral shoulder (N=7), history of fractures in 
the ipsilateral shoulder (9), RCT was observed only in sub-
scapularis which was attached to lesser tuberosity (7) were 
excluded from the study to decrease the heterogeneity. 
Therefore, 212 patients were finally included in the current 
study. Patients’ demographics (age at the operation, sex, 
hand dominance), surgical factors (size of the torn rotator 
cuff, presence of failed suture anchor), and radiologic fac-
tors (DXA of hip, spine, and proximal humerus) were col-
lected for analysis.

The size of RCT was measured by a single surgeon intra-
operatively, and classified according to the Cofield classifi-
cation.[18] The presence of failed suture anchor was de-
fined as cases in which the suture anchor was pulled out 
during knot-tying intraoperatively. BMD of hip, LS, and 
proximal humerus was evaluated using DXA (Lunar Prodi-
gy Advance; GE Lunar, Madison, WI, USA). DXA of proximal 
humerus was measured in a supine position with the shoul-
der in 15° abduction and 30° external rotation, and the el-

Fig. 1. The position of the arm during the measurement of proximal 
humeral bone mineral density. Patient lied in supine position with the 
shoulder in 15° abduction and 30° external rotation, and the elbow in 
a 90° flexion to prevent the overlapping of the bicipital groove. [Re-
printed from “The measurement of bone mineral density of bilateral 
proximal humeri using DXA in patients with unilateral rotator cuff 
tear.”, by Oh JH, et al., 2014, Osteoporos Int, 25, pp. 2639-48. Copy-
right 2014 by the Springer International. Reprinted with permission].
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bow in a 90° flexion to prevent the overlapping of the bi-
cipital groove (Fig. 1).[12] Region of interest (ROI) of proxi-
mal humerus was defined as GT, center of humeral head 
(CH), and surgical neck (SN) according to a previous study 
(Fig. 2).[12] T-score was calculated in hip and LS DXA, how-
ever, T-score of proximal humerus could not be calculated 
due to lack of statistical data from normal population. TBS 
iNsight version 1.9 (Med-Imaps, Geneva, Switzerland) re-
spectively measured the TBS of the 1st to 4th lumbar ver-
tebra (L1, L2, L3, L4), and calculated the mean TBS from L1 
to L4 (L1-4), using total spine DXA.

All statistical analyses were conducted using R version 
4.0.5 (The R Foundation for Statistical Computing, Vienna, 
Austria) and RStudio version 1.4.1106 (RStudio Inc., Boston 
MA, US). Descriptive statistics were used for continuous 
variables, and the Kolmogorov-Smirnov normality test was 

conducted to evaluate the distribution of data composi-
tion. Independent t-test or Mann-Whitney U test was con-
ducted for continuous variables, and χ2 or Fisher’s exact 
test was conducted for categorical variables. Paired t-test 
or Wilcoxon signed-rank test was conducted to compare 
the BMD of affected shoulder and contralateral shoulder. 
Repeated-measures analysis of variance or Friedman test 
with Bonferroni correction as post-hoc analysis was used 
to compare BMD of shoulder according to ROI. Correlation 
between BMD and TBS was evaluated by Pearson or Spear-
man correlation analysis. Multi-variable logistic regression 
analysis was conducted to evaluate the risk factor of intra-
operative suture anchor failure (ISAF). All statistical analy-
ses were performed on both sides, and the significance lev-
el was set at 0.05, except post-hoc analysis (set at 0.017).

RESULTS

Ninety-seven male and 115 female patients were includ-
ed in this study. The mean age at operation was 59.7±8.4 
years, and female patients were significantly older than 
male patients (P<0.001; Table 1). RCT was more frequently 
occurred in hand dominant arm (N=151, 71.2%) than non-
dominant (ND) arm (N=61, 28.8%), and this trend was more 
pronounced in female patients than male patients (P=0.003; 
Table 1). In terms of tear size, 14 cases (6.6%) of partial-thick-
ness tear, 26 small tear (12.3%), 115 medium tear (54.2%), 
18 large tear (8.5%), and 39 massive tear cases (18.4%) were 
presented. Tear size was not statistically different accord-
ing to sex (P=0.487; Table 1). Osteoporosis was diagnosed 
in 43 patients (20.3%), and it was also more frequently di-
agnosed in female patients (P<0.001; Table 1).

Before further analysis, we compared the BMDs of affect-
ed side and contralateral side to evaluate the RCT on BMD. 

Fig. 2. Region of interest (ROI) of proximal humerus was defined as 
greater tuberosity (GT), center of humeral head (CH), and surgical 
neck (SN) and the measurement of the bone mineral density (BMD) 
using the dual energy X-ray absorptiometry (DXA) in the proximal hu-
merus. (A) To define ROI, proximal humerus was divided into the 3 
columns with an even width. In the center of lateral (a, GT) and mid-
dle (b, CH) columns, 1×1-cm2-sized squares were drawn. ROI of SN 
(c) was defined as the most common site of involvement in the proxi-
mal humeral fracture while creating the block of 1 cm in height in the 
metaphysis. (B) The proximal humeral BMD was measured using 
DXA. [Reprinted from “The measurement of bone mineral density of 
bilateral proximal humeri using DXA in patients with unilateral rota-
tor cuff tear.”, by Oh JH, et al., 2014, Osteoporos Int, 25, pp. 2639-48. 
Copyright 2014 by the Springer International. Reprinted with permis-
sion].

A B

Table 1. Demographic characteristics according to sex

Male  
(N=97)

Female 
(N=115) P-value

Age (yr) 57.5±8.0 61.6±8.2 <0.001a)

Hand dominance (D:ND) 59:38 92:23 0.003a)

Tear size 
(PT:Sm:Md:Lg:Ms)

8:13:52:5:19 6:13:63:13:20 0.487

Osteoporosis (Yes:No) 4:93 39:76 <0.001a)

The data is presented as mean±standard deviation or ratio.
a)Statistically significant.
D, dominant hand; ND, non-dominant hand; PT, partial thickness tear; 
Sm, small tear; Md, medium tear; Lg, large tear; Ms, massive tear.
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BMDs of affected side were significantly lower than those 
of contralateral side in all regions of interests (all P<0.05; 
Table 2). Moreover, BMD of shoulder was significantly dif-
ferent according to ROI in both affected and asymptomatic 
contralateral side (all P<0.05; Table 2), and post-hoc analy-
sis revealed that BMD of SN was significantly higher than 
BMD of GT and/or CH (all P<0.017). However, BMD of GT 
and CH were not significantly different in both affected 
side (P=0.801) and contralateral side (P=0.175). Since the 
BMDs of both sides were different, the subsequent analysis 
used only the data of affected shoulder.

1. Osteoporosis, BMD, and TBS
The lowest T-score of osteoporosis group was -3.1±0.6, 

and it was significantly lower than that of normal group 
(-0.7±1.1, P<0.001). BMD and TBS (Fig. 3) were also statis-
tically lower in osteoporosis group (all P<0.05; Table 3). To 
evaluate the correlation between TBS and other measure-
ments of BMD, correlation analyses were conducted. Al-
though TBS of L1 had the highest correlation with the low-
est overall T-score, correlation coefficient was not high as 
0.622 (P<0.001; Table 4). TBS and the lowest overall BMD 
of hip (range of correlation coefficient values [r], 0.346-0.524), 
spine (r, 0.186-0.458), and shoulder (r, 0.199-0.417) present-
ed weak-to-moderate correlation, respectively (all P<0.05; 
Table 4). Furthermore, TBS and BMD of CH (r, 0.155-0.386), 
GT (r, 0.219-0.379), and SN (r, 0.282-0.506) also presented 
weak-to-moderate correlation (all P<0.05; Table 4). 

As the TBS failed to present a strong correlation with shoul-
der BMD, further correlation analyses were conducted. The 
lowest BMD of hip presented relatively higher correlation 
with BMD of affected shoulder (r vs. CH 0.708, vs. GT 0.664, 
vs. SN 0.778; all P<0.001), however, the lowest BMD of LS (r 
vs. CH 0.554, vs. GT 0.517, vs. SN r, 0.653; all P<0.001) pre-
sented moderate-to-strong correlation with affected shoulder.

Table 2. Comparative analysis of bone mineral density of proximal 
humerus according to rotator cuff tear

Site
BMD (g/cm2)

P-valueAffected side 
(N=212)

Contralateral side 
(N=212)

CH 0.425±0.121 0.451±0.111 <0.001a)

GT 0.424±0.133 0.459±0.123 <0.001a)

SN 0.526±0.170 0.547±0.152 <0.001a)

P-value <0.001a) <0.001a)

The data is presented as mean±standard deviation.
a)Statistically significant.
BMD, bone mineral density; CH, center of humeral head; GT, greater tu-
berosity; SN, surgical neck.

Fig. 3. Trabecular bone score (TBS) of the 1st to 4th lumbar vertebra was measured, and mean TBS from 1st to 4th vertebra was calculated se-
quentially using lumbar spine dual energy X-ray absorptiometry.
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Table 3. Comparative analysis of bone mineral density according to 
presence of osteoporosis

Region Normal  
(N=169)

Osteoporosis 
(N=43) P-value

T-score

   Overall -0.7±1.1 -3.1±0.6 <0.001a)

   Hip -0.1±1.1 -1.9±0.8 <0.001a)

   Spine -0.4±1.4 -3.1±0.7 <0.001a)

BMD, lowest (g/cm2)

   Hip  0.821±0.142 0.605±0.092 <0.001a)

   Spine 1.053±0.217 0.754±0.088 <0.001a)

   Shoulder

      Affected 0.416±0.099 0.279±0.115 <0.001a)

      Contralateral 0.440±0.102 0.328±0.079 <0.001a)

BMD, shoulder (g/cm2)

CH

   Affected 0.451±0.108 0.322±0.114 <0.001a)

   Contralateral 0.471±0.106 0.371±0.094 <0.001a)

GT

   Affected 0.455±0.117 0.305±0.128 <0.001a)

   Contralateral 0.485±0.118 0.358±0.086 <0.001a)

SN

   Affected 0.575±0.142 0.335±0.134 <0.001a)

   Contralateral 0.589±0.134 0.382±0.094 <0.001a)

TBS

   L1 0.440±0.102 0.328±0.079 <0.001a)

   L2 1.363±0.104 1.254±0.108 <0.001a)

   L3 1.427±0.094 1.348±0.106 <0.001a)

   L4 1.437±0.113 1.349±0.127 <0.001a)

   L1-4 1.377±0.089 1.266±0.089 <0.001a)

The data is presented as mean±standard deviation.
a)Statistically significant.
BMD, bone mineral density; CH, center of humeral head; GT, greater tu-
berosity; SN, surgical neck; TBS, trabecular bone score. 

Fig. 4. Arthroscopic finding of intraoperative suture anchor failure 
(ISAF) is presented. Suture anchor was pulled out during knot-tying 
(red arrow).

Table 4. Correlation analysis between trabecular bone score and other parameters of bone mineral density

T-score (lowest) BMD (lowest) BMD (shoulder)

Overall Hip Spine Shoulder CH GT SN

TBS

   L1 0.622 (<0.001)a) 0.524 (<0.001)a) 0.458 (<0.001)a) 0.417 (<0.001)a) 0.386 (<0.001)a) 0.379 (<0.001)a) 0.506 (<0.001)a)

   L2 0.509 (<0.001)a) 0.416 (<0.001)a) 0.338 (<0.001)a) 0.315 (<0.001)a) 0.265 (<0.001)a) 0.279 (<0.001)a) 0.396 (<0.001)a)

   L3 0.354 (<0.001)a) 0.346 (<0.001)a) 0.240 (<0.001)a) 0.199 (0.004)a) 0.155 (0.020)a) 0.219 (<0.001)a) 0.282 (<0.001)a)

   L4 0.302 (<0.001)a) 0.351 (<0.001)a) 0.186 (<0.001)a) 0.309 (<0.001)a) 0.276 (<0.001)a) 0.291 (<0.001)a) 0.379 (<0.001)a)

   L1-4 0.531 (<0.001)a) 0.485 (<0.001)a) 0.355 (<0.001)a) 0.371 (<0.001)a) 0.325 (<0.001)a) 0.348 (<0.001)a) 0.466 (<0.001)a)

The data is presented as correlation coefficient (P-value).
a)Statistically significant.
BMD, bone mineral density; CH, center of humeral head; GT, greater tuberosity; SN, surgical neck; TBS, trabecular bone score.

2. Subgroup analysis according to presence of 
failed suture anchor

To evaluate the risk factors of ISAF (Fig. 4) due to pulled 
out during knot-tying, subgroup analysis according to pres-
ence of failed suture anchor was conducted. Suture anchor 
was pulled out in 13 patients (6.1%) intraoperatively. Age, 
proportion of sex, and tear size were not significantly dif-
ferent according to ISAF (all P>0.05; Table 5). Furthermore, 
presence of osteoporosis was not significantly different in 
both group (P=0.539; Table 5).

The lowest overall T-score (P=0.190), the lowest T-score 
of hip (P=0.068) and spine (P=0.264) were not statistically 
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different according to suture anchor failure (Table 5). How-
ever, the lowest BMD of hip (P=0.032) and shoulder (P=  
0.027) were significantly lower in ISAF group (Table 5). ISAF 
group also presented lower BMD in all 3 ROIs of affected 
shoulder (all P<0.05; Table 5). TBS of L1 (P=0.035) and L1-4 
(P=0.035) were statistically lower in ISAF group, however, 
TBS of L2, L3, and L4 were not different in both group (all 
P>0.05; Table 5).

To evaluate the risk factor of suture anchor failure, we 
conduct the multi-variable logistic regression analysis with 
a backward conditional procedure using variables which 
present different values between 2 groups (the lowest 
BMD of hip, GT, SN, and TBS L1-4). The lowest BMD of CH 
and TBS L1 were excluded from analysis to prevent the 
multi-collinearity problem. According to Hosmer-Leme-

show test (P=0.568), this multi-variable regression analysis 
model was considered to be suitable, and in this regression 
analysis, BMD of GT was revealed as sole risk factor of ISAF 
(odds ratio, 0.010, P=0.020; Table 6). 

DISCUSSION

In this study, proximal humeral BMD of all 3 ROIs was 
more decreased in affected shoulder than the asymptom-
atic contralateral shoulder, and BMD of GT and CH were sta-
tistically lower than that of SN. Although all radiological 
BMD measurements were lower in osteoporosis group which 
defined using conventional hip and LS DXA, TBS failed to 
present strong correlation with shoulder BMD. Moreover, 
BMD of GT was revealed as sole predictor of ISAF failure.

To predict the risk of ISAF failure during ARCR, accurate 
measurement of proximal humeral BMD maybe the im-
portant factor. However, direct measurement of proximal 
humeral BMD is not a popular method, and there are still 
lack of evidence to making a clinical criteria like T-score of 
conventional DXA. Furthermore, there is no consensus on 
standard measurement methods; evaluation protocols, ROIs, 
and normal range of evaluated value.

Therefore, we focused on the TBS, which is known to 
represent the microarchitecture of bone better than con-
ventional DXA.[13] TBS is a noninvasive analytical method 
based upon the pre-taken conventional LS DXA, and it has 
the advantage that there is no need for additional irradia-
tion for examination. Furthermore, Popp et al. [16] have ar-
gued that TBS could be used to predict the risk of osteopo-
rotic fracture not only in spine, but also in other sites in-
cluding humerus.

Table 5. Comparative analysis according to presence of failed suture 
anchor

Normal  
(N=199)

ISAF  
(N=13) P-value

Age (yr) 59.6±8.4 60.7±8.3 0.656

Sex (male:female) 93:106 4:9 0.405

Tear size 
(PT:Sm:Md:Lg:Ms)

14:24:108:16:37 0:2:7:2:2 0.760

Osteoporosis (Yes:No) 39:160 4:9 0.539

T-score

   Overall -1.1±1.4 -1.7±1.5 0.190

   Hip -0.4±1.3 -1.1±1.1 0.068

   Spine -0.9±1.6 -1.3±2.0 0.264

BMD, lowest (g/cm2)

   Hip 0.783±0.158 0.693±0.146 0.032a)

   Spine 0.994±0.230 0.966±0.260 0.673

   Shoulder 0.393±0.114 0.314±0.136 0.027a)

BMD, shoulder (g/cm2)

   CH 0.429±0.120 0.361 ±0.136 0.049a)

   GT 0.430±0.131 0.340±0.143 0.021a)

   SN 0.532±0.167 0.434±0.202 0.043a)

TBS

   L1 1.252±0.129 1.173±0.136 0.035a)

   L2 1.345±0.109 1.275±0.158 0.102

   L3 1.414±0.100 1.360±0.103 0.122

   L4 1.421±0.121 1.386±0.119 0.287

   L1-4 1.358±0.097 1.298±0.117 0.035a)

The data is presented as mean±standard deviation or ratio.
a)Statistically significant.
ISAF, intraoperative suture anchor failure; PT, partial thickness tear; Sm, 
small tear; Md, medium tear; Lg, large tear; Ms, massive tear; BMD, 
bone mineral density; CH, center of humeral head; GT, greater tuberos-
ity; SN, surgical neck; TBS, trabecular bone score.

Table 6. Results of univariate and multivariate logistic regression 
analysis with a backwards conditional procedure

Univariate analysis Multivariate analysis

Crude OR (95% CI) P-value OR (95% CI) P-value

BMD (lowest)

   Hip 0.018 (0.000-1.051) 0.053

   GT 0.009 (0.000-0.474) 0.020a) 0.010 (0.000-0.488) 0.020a)

   SN 0.037 (0.001-0.933) 0.045a)

TBS (L1-4) 0.003 (0.000-0.743) 0.039a)

The data is presented as odds ratio (95% confidence interval).
a)Statistically significant.
OR, odds ratio; CI, confidence interval; BMD, bone mineral density; GT, 
greater tuberosity; SN, surgical neck; TBS, trabecular bone score.
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However, TBS was not appropriately represented the 
proximal humeral BMD in this study, and we considered 
that there were 2 reasons based upon the general medical 
conditions and regional lesions of proximal humerus. Wil-
son et al. [9] have revealed the regional variation in BMD 
according to measured anatomical sites and have warned 
the risk of underestimation of osteoporotic fracture in the 
upper limb when only using the conventional hip and LS 
DXA. It is consistent with the finding of this study that TBS 
and raw value of LS BMD have not strong correlations with 
proximal humeral BMD. Although conventional hip and LS 
DXA were used to diagnose systemic osteoporosis, BMD of 
upper limb could be significantly decreased even in patients 
with osteopenia and/or a normal range of T-score.

Furthermore, shoulder is not weight-bearing joint. The 
vertebra and lower extremity including hip joint maintains 
the posture while supporting the body weight, however, 
upper extremity including shoulder joint does not bear the 
body weight. Therefore, the bone density of the upper ex-
tremities can maintain adequate stress only with tension 
based on the attached tendons and their movements. Ac-
cording to Wolff’s law, detached tendons and disuse of af-
fected shoulder due to pain and disability may provoke 
the loss of adequate stress on proximal humerus, and ulti-
mately causes focal osteoporosis in RCT.[19,20] This phe-
nomenon was consisted of that the BMDs of affected shoul-
der was significantly decreased than asymptomatic contra-
lateral shoulder in this study and previous one.[12]

Another subject of this study is to elucidate the predic-
tor for ISAF failure. Previous studies revealed that healing 
failure was more frequently occurred in patients with low-
er BMD,[2,6,7] and a similar result was presented in this 
study. However, evaluation of BMD in previous studies were 
based on the conventional hip and LS DXA. Considering 
the results of this study, direct measurement of BMD of GT 
is the more accurate method that reflects the BMD of su-
ture anchor insertion site.

Furthermore, different BMD of GT according to anatomi-
cal location have been reported.[17,21] These studies have 
presented that the proximal part of the greater tubercle 
has more dense trabecular BMD at the posterior portion 
than anterior,[17,21] and time-zero biomechanical studies 
have reported that the difference of pullout strength ac-
cording to BMD and location of suture anchor.[22,23]

To the best of the authors’ knowledge, this study has the 

advantage of being the first to evaluate whether the LS 
TBS would represent the proximal humeral BMD and con-
duct direct comparison between proximal humeral BMD 
and other radiological measurement methods including 
TBS, raw value of hip and LS BMD, and T-score of conven-
tional DXA. Further, this study explained the reason for un-
expected ISAF failure in patients with normal BMD which 
depends on the difference between systemic osteoporosis 
and focal osteoporosis of proximal humerus. 

However, several limitations were remained. Despite the 
theoretical advantage of quantitative measurement of mi-
croarchitecture of trabecular bone, we calculated TBS only 
in the LS. However, software which used in this study did 
not guarantee the accuracy in proximal humerus and fe-
mur. Therefore, we calculated the TBS only in LS DXA to de-
crease the bias based on the technical error of software. 
Furthermore, we do not compare the study group with a 
young, normal population. However, purpose of this study 
is to evaluate the correlation between TBS and BMD of prox-
imal humerus, not establish the T-score of proximal humer-
al BMD. Moreover, to calculate the T-score of proximal hu-
meral BMD, a large-scale study is required to obtain data 
from the normal population, and it is beyond the scope of 
this study. As the need for direct measurement of proximal 
humeral BMD has emerged through this study, we conclude 
that large-scale studies including young, normal popula-
tion will be needed to establish an independent T-score of 
proximal humerus. Last of all, we did not measure the oth-
er systemic bone quality indicators including laboratory 
markers. Although we focused on the focal osteoporosis of 
proximal humerus in patients with a RCT, systemic bone 
metabolism may affect the occurrence of ISAF failure. There-
fore, further study that evaluate correlation between ISAF 
and other systemic factors like bone turnover markers will 
be needed.

CONCLUSIONS

TBS and conventional hip and LS DXA did not represent 
the proximal humeral BMD. Furthermore, among the vari-
ous radiological measurements, BMD of GT was a sole risk 
factor of ISAF. Therefore, further research for the direct mea-
surement of proximal humeral BMD is mandatory for the 
prediction of proximal humeral focal osteoporosis.
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