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Evaluation of Focal Bone Mineral Density Using Three-dimensional
Measurement of Hounsfield Units in the Proximal Humerus
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Background: Although there are several methods for evaluating bone quality, Hounsfield units (HU), a standardized computed tomogra-
phy (CT) attenuation coefficient, provide a useful tool for estimating focal bone mineral density (BMD). The aim of this study is to investi-
gate the HU for evaluating the degree of osteoporosis in greater tuberosity with regard to anchor positioning.

Methods: Forty patients diagnosed as normal on shoulder CT were included and categorized according to age and gender. Axially sec-
tioned CT images were processed to 3-dimensional models containing information about bone quality using Mimics (14.11 platform
v14.1.1.1 Materialise). Three-dimensional anchors were simulated and positioned according to 6 regions of interest (ROI) in the greater
tuberosity classified using Tingart’s system. Mean HU of intra-anchor volumes in the 6 regions was measured.

Results: A significant decrease in HU was observed with increasing age (p=0.0001) and menopause (p<0.001). A significant difference
in HU was found between male and female groups with males showing the higher values (p=0.0001). HU of proximal areas of ROl was
higher than those of distal areas (p<0.005). However, although mean HU of distal posterior ROI showed the lowest values, no statisti-
cally significant difference was found between anterior, middle, and posterior regions (p=0.087).

Conclusions: Mean HU of ROIs provides a tool for preoperative assessment of focal BMD, which is a factor of suture anchor stability
and can be used to aid decision-making regarding secure anchor positioning for rotator cuff repair. Our data support that the most se-
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cure point is the proximal regions of ROI.
(Clin Shoulder Elbow 2015;18(2):86-90)
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Introduction

Pull-out failure of rotator cuff repair is not uncommon. Failure
could occur at the anchor-bone interface, the tendon suture
interface, the anchor-suture interface, or the suture itself.'" In
addition, poor bone quality caused by osteoporosis has been
suggested to play a role in suture anchor failure at the anchor-
bone interface after rotator cuff repair.”” Bone quality is usually
evaluated by dual energy X-ray absorptiometry (DXA), which
is regarded as the gold standard for determining global bone
mineral density (BMD); however, it does not correlate with the
proximal humerus BMD. Local osteoporosis of proximal hu-
merus is particularly common in patients with rotator cuff tear.”

According to recent studies, Hounsfield Units (HU) derived by
computed tomography (CT) scan provided an alternative meth-
od for estimating focal BMD."""" Because BMD does not reflect
the localized osteoporosis, we investigated the HU for evaluating
the degree of osteoporosis in proximal humerus with regard to
anchor positioning.

Methods

Among the patients who underwent evaluation by shoulder
CT in our hospital for shoulder pain between January 2011 and
December 2013, with the exception of a previous humeral
fracture, surgery, and osteoporosis medication, 40 patients di-
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Fig. 1. Translation of clinical shoulder computed tomography images to 3-dimensional models.

Fig. 2. The greater tuberosity of the 3-dimensional humerus was classified ac-
cording to 6 regions of interest as described by Tingart et al.”.

agnosed as normal or simple contusion by the radiologists were
selected. There were 20 females with a mean age of 50 years
(range, 42 to 65 years), half of them were post-menopausal, and
20 males with a mean age of 53 years (range, 49 to 67 years).
For 3-dimensional (3D) analysis, CT images of the humerus
were transformed to 3D models using image-processing software
(Mimics v14.1.1; Materialize, Leuven, Belgium) (Fig. 1). Regional

Fig. 3. A 4.5x15 mm 3-dimensional virtual anchor.

segmentation was required for investigation of the localized
osteoporosis. The greater tuberosity of the 3D humerus was di-
vided into 6 regions of interests (ROI) as described by Tingart et
al. (Fig. 2).”

Depending on the depth and location of the anchor, the pull
out strength varied significantly. Therefore, instead of measuring
the HU values of each segment, we measured the HU of only

www.cisejournal.org 87



| Clinics in Shoulder and Elbow
| Vol. 18, No. 2, June, 2015

7T e
L]
H
L]
% o0 .. o ° °
ke] H °
o °e e
“g . 0."2
5 P . O’ o ®
jo: :’: i,.: . 8 o .
3 0.!i o o ® ]
] o.. . . i
° L]
o . .!
Ld
Age (yr)

Fig. 5. Relation between overall Hounsfield units and age (r’=-0.112,
p<0.001).

the portion in which the 3D anchor was inserted. Following
insertion of the 3D anchor, the HU values of the regions cor-
responding to the total volume of the anchor occupied were
compared. Therefore, analysis of HU value of the cortical bone
as well as analysis of the cancellous bone in more depth was
performed. Using this method, it is possible to represent the
force received after inserting the actual anchor more closely
than comparing the surface area only. 3D anchor computer
aided design model (Fig. 3), with a size of 4.5X15 mm, was
positioned using 3D image-processing software into each area
of the 6 ROIs in the greater tuberosity of the 3D humerus model
(Fig. 4). To exclude the cortical area, the anchors were simulated
and positioned approximately 3 mm below the cortical margin,
deep into the tubercular area. The mean HU in each of the 3D
anchors was measured using Mimics software. HU represents
a normalized index of X-ray attenuation based on a scale of
1,000 defined for air and O for water at standard pressure and
temperature.'” For clinical CT examinations, the HU values are
automatically calculated by the equation and displayed on the
screen.

Statistical Analysis
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Fig. 4. Insertion of the 3-dimensional virtual
anchor into the 6 regions of interest in the
greater tuberosity.

Table 1. Overall HUs Were Found to Decrease Significantly by Age (p=0.0001)
and Menopause (p<0.001)

Variable HU p-value
Sex 0.009
Male (n=20) 162.33 £92.134
Female (n=20) 122.10 £ 77.518
Menopause
X (n=10) 162.59 + 85.639 <0.001
O (n=10) 87.92 + 64.030

Values are presented as mean + standard deviation.
HU: Hounsfield unit.

Correlation between HU of the 6 ROIs and age was analyzed
using Pearson correlation coefficients. Correlation between HU
and sex and menopause was analyzed using the independent
two sample t-test, and each focal HU of the 6 ROIs was com-
pared using analysis of variance. The IBM SPSS ver. 19.0 pro-
gram (IBM Co., Armonk, NY, USA) was used for the statistical
analysis and statistical charts were generated using Microsoft Ex-
cel 2010 software (Microsoft, Redmond, WA, USA). P-values of
<0.05 were considered significant and p-values of <0.01 were
considered highly significant.

Results

HU value measurements were found to have excellent intrao-
bserver and interobserver reliabilities (0.953 and 0.964, respec-
tively). HU values obtained using the 3D image-processing soft-
ware were categorized according to sex, age, and menopause.
The mean HU showed a linear decrease with increasing age
(*=-0.112, p<0.001) (Fig. 5). In addition, results for the mean
HU according to sex (p=0.0001) and menopause (p<0.001)
showed higher values for males and premenopausal females
(Table 1). In addition, HU of proximal ROIs (157.65) was signifi-
cantly higher than that of distal ROIs (105.83; p<0.005). How-
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ever, no statistically significant difference was observed between
anterior, middle, and posterior regions, although the mean HU
of the distal posterior ROI showed the lowest value (p=0.087;
Table 2, Fig. 6).

Discussion

According to Schreiber et al.,'"” HU obtained from CT scans
are comparable with DXA scores and potentially provide an
alternative method for determining focal BMD without ad-
"% even though DXA is currently
regarded as the gold standard for evaluation of global BMD."
Ryo et al." proposed an equation for calculation of bone
density from HU values in their preliminary analyses (bone
density=1.122xHU+47).

Poor bone quality caused by osteoporosis can reduce implant

ditional cost to the patient

Table 2. Mean HUs of Each ROI

ROI HU p-value
PA 162.646 + 29.336 <0.001
PM 159.203 + 34.707
PP 151.128 + 57.875
DA 132.514 + 69.848
DM 112.798 + 48.917
DP 72.200 + 23.464
Proximal 157.659 + 41.426 <0.001
Distal 105.837 £ 55.630
Anterior 147.580 + 54.505 0.087
Middle 136.000 + 47.719
Posterior 111.664 + 59.066

Values are presented as mean =+ standard deviation.

ROI: region of interest, HU: Hounsfield unit, PA: proximal anterior, PM: proxi-
mal middle, PP: proximal posterior, DA: distal anterior, DM: distal middle, DP:
distal posterior.
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stability, and increase the risk of suture anchor pullout failure in
cases of rotator cuff repair.'” Failure at the anchor-bone interface
is not uncommon, and some recent clinical studies have assessed
the suitability of this interface with respect to bone quality."”

BMD has been proposed as a good predictor of the mechani-
cal integrity of trabecular bone.'” However, global measures of
bone quality can only explain implant stability to a limited ex-
tent. In other words, good bone stock, as assessed by DXA, does
not guarantee good implant stability in rotator cuff repair. Oh et
al.” found that bone quality in the proximal humerus in affected
unilateral rotator cuff tear shoulder is different from that of con-
tralateral, normal shoulder. That is, in general, because BMD is
calculated as the value of DXA of lumbar spine and hip joint and
specific areas, BMD cannot represent the state of the proximal
humerus with localized osteoporosis due to rotator cuff tear.

Regarding the pull-out strength of the anchor, Tingart et al.”
showed that bone quality, anchor type, and anchor placement
have significant impacts on anchor failure loads. In this previ-
ous study, pullout strengths were studied for different anchor
insertion locations on the greater tuberosity. Analysis of the fo-
cal BMDs of ROIs in the greater tuberosity found that suture
anchors inserted into the proximal anterior and middle zones
were capable of sustaining significantly higher loads at failure,”
which matches our results. In our study, significant correlations
were observed between overall HU and age, sex, and meno-
pause, and the HU of proximal ROIs in the greater tuberosity
(GT) was significantly higher than that of distal HU. Although no
difference was found between the HU of anterior, middle, and
posterior ROIs, the distal posterior ROI showed the lowest mean
HU value.

Depth of anchor insertion as well as bone quality and anchor
location is important in regard to suture anchor failure. Because
partial decortication for greater tuberosity preparation may be
performed during repair of a rotator cuff, we inserted anchors
into the tubercular area. Mahar et al."” found that deep suture
anchor placement increased purchase and caused greater sta-
bility than standard placement; thus, in the anchor model, we
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Fig. 6. Hounsfield unit (HU) of proximal regions of interest (ROIs) in the greater tuberosity were significantly greater than those of distal ROIs. Although no cor-
relation was found between anterior, middle, and posterior regions, mean HU of the distal posterior ROI were lowest.
PA: proximal anterior, PM: proximal middle, PP: proximal posterior, DA: distal anterior, DM: distal middle, DP: distal posterior.
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placed anchors approximately 3 mm below the cortical margin
in an effort to prevent sclerotic change in the GT caused by rota-
tor cuff tear.

Our study has some limitations. First, only 40 patients were
included, thus, our findings cannot be accurately applied to
the general population. Second, while DXA scans assess both
trabecular and cortical bone, HU values provide an evaluation
of only trabecular bone, which may account for some of the dif-
ferences observed between DXA findings and findings obtained
using HU values. Third, in patients with rotator cuff tear only, the
need for CT is lower than magnetic resonance imaging.

We have only studied the normal group. Future study of HU
of the proximal humerus with localized osteoporosis due to rota-
tor cuff tear and correlation between HU in CT scan and clinical
score is planned.

Conclusion

Mean HU of ROIs obtained by CT can provide a means of
preoperative assessment of focal bone density, which plays a role
in suture anchor stability. We believe that appropriate HU values
can be used to aid decision-making regarding proper suture an-
chor positioning during rotator cuff repair. And, according to our
data, the most secure point is the proximal regions of ROL.
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