CiSE

ORIGINAL ARTICLE

Clinics in Shoulder and Elbow Vol. 22, No. 4, December, 2019

Clinics in Shoulder and Elbow

https://doi.org/10.5397/cise.2019.22.4.216 \ M) Check for updates ‘

Analysis of Greater Tuberosity from the Center of the Humeral Head:
Progression to Femoralization

Jun-Seok Lee, Hyun Seok Song™, Hyungsuk Kim, Hyung Moon Yoon, Sung Bin Han

Department of Orthopedic Surgery, Eunpyeong St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

Background: Progression of the tear size and erosion of the greater tuberosity (femoralization) in the supraspinatus tear makes it difficult
to repair or increases the risk of a re-tear. This study examined the proximal articular surface and greater tuberosity of the humeral head
in plain radiography.

Methods: Two-hundred forty-seven cases, whose anteroposterior (AP) radiographs were taken correctly, were included from 288 cases,
in whom the status of the supraspinatus had been confirmed by surgery. After downloading the plain AP radiograph as DICOM, the
radius of the circle apposed at the superior half of the articular surface of the head, and the distance between the circle and the farthest
point of the greater tuberosity (‘height’ of the greater tuberosity) were calculated using the software (TechHime, Korea). MRI checked the
number of torn tendons and degree of muscular atrophy.

Results: The following were encountered: 93 intact supraspinatus, 50 partial-thickness tears, and 104 full-thickness tears. In the analysis
using the 93 intact cases, the average radius of the rotation center was 25.3 mm in male and 22.3 mm in female. The average height of
the greater tuberosity from the circle with the same rotation center was 4.3 mm in male and 4.2 mm in female with no statistical signifi-
cance. The correlation between the reparability of supraspinatus and height of the greater tuberosity, fatty infiltration, and muscular atro-
phy was confirmed.

Conclusions: The height of the greater tuberosity from the circle with the same rotation center was 4.3 mm in male and 4.2 mm in fe-

male. This height was strongly correlated with muscular atrophy and fatty infiltration of the supraspinatus tendon.
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Introduction

The size of rotator cuff tears progresses with time.'” In the
case of chronic and larger tears, there is difficulty in repair as a
result of muscular atrophy® and fatty infiltration.>” Massive rota-
tor cuff tears are defined as tears involving more than two cuff
tendons” or tears more than 5 cm.” In these cases, the re-tear
rate is high.

A decrease in the acromio-humeral distance (AHD)” in the
plain radiographs is a clue of the irreparability of the torn cuff.
According to many research reports thus far, a higher degree of

fatty degeneration in the rotator cuff in computed tomography
(CT) or magnetic resonance imaging (MRI) indicates poorer
clinical findings, even after surgery. In plain radiography, there
are clues, such as the anterolateral bony spur of acromion, os-
teophyte formation of the greater tuberosity,” and a decrease in
AHD.

Therefore, the authors aimed to identify the changes in the
greater tuberosity and determine the relevance between fatty in-
filtration in MRI and the height from the center of rotation to the
greater tuberosity.
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Methods

The study protocol was approved by the Institutional Review
Board, which waived the requirement for informed consent due
to the retrospective nature of this study. At one university hospi-
tal, 288 supraspinatus tendon tears were enrolled. Among them,
41 cases were excluded due to inappropriate plain anteroposte-
rior (AP) radiographs; 247 cases were enrolled.

Measurement of Radius and Greater Tuberosity of
Humeral Head

A simple AP shoulder radiograph was saved in the form of
DICOM (Digital Imaging and Communications in Medicine). The
software program (ViewRex; TechHime, Seoul, Korea) used in
this study, was developed as a tool menu for this study. This soft-
ware can make a circle on a plain radiograph, change the radius,
and move the location. By adjusting the radius and location of
the circle, the circle could be matched to the articular surface. At
this location, it was programmed for an automatic calculation of
the radius of a circle and the difference between the radius and
highest greater tuberosity. The difference between the radius of
a circle and the highest point of greater tuberosity was called the
‘height’ of the greater tuberosity from the center of rotation (Fig.
1.

Reparability of the Supraspinatus Tendon

Videos taken during surgery and medical records were ana-
lyzed retrospectively, and the number of torn rotator cuffs and
the degree of reparability were analyzed. The cases were allo-
cated into two groups. One group contained cases with a torn
edge that was pulled easily to the original footprint. Another

30.53 mm (25.89 + 4.638)

Fig. 1. Plain radiograph captured measuring the rotation center of the hu-
meral head and height of the greater tuberosity (distance from the circle to
the farthest point).

group was cases, in whom the interval slide' needed to be mo-
bilized or the partial repair was done because it was not pulled
to the original footprint despite the releasing techniques. For
the reparability of the supraspinatus tendon, grade 1 and 2 was
classified as normal, and grade 2 was classified as a case that is
repairable on the originally attached portion easily without any
tension in the tendon. Grade 3 was classified as a case that the
movement of the tendon was not easy enough to require the
anterior or rear-interval slide technique or a case when the state
of torn tendon became thinner. Grade 4 was classified as fol-
lows: a case that partial repair was possible despite any device;
the case with a re-tear was identified during follow up, but the
suture was conducted using interval slide technique; or a case
that cuff arthropathy was severe enough to perform reverse total
shoulder arthroplasty.

Assessment of Atrophy and Fatty Infiltration of the
Supraspinatus Tendon

The degree of fatty infiltration of the supraspinatus tendon
(Fuchs’ method'") and degree of atrophy (Thomazeau'’s meth-
od") were measured in the preoperative MRI images.

Fuchs et al."” used CT and MRI to assess the fatty infiltration
of a muscle of rotator cuff tear instead of Goutallier classification
(five stages). Thomazeau et al." used MRI to grade muscle atro-
phy. This method allowed a reliable measurement of the supra-
spinatus muscle atrophy by calculating the occupation ratio (R),
which is the ratio between the surface of the cross-section of the
muscle belly and that of the fossa. The classification was divided
into three stages. Stage 1 was normal to slight atrophy of the su-
praspinatus muscle (R=1.00 to 0.60). Stage 2 was moderate at-
rophy (R=0.60 to 0.40). Stage 3 was severe atrophy (R<0.40)."”

Statistical Analysis

Statistical analysis SPSS 12.0k (SPSS Inc., Chicago, IL, USA)
was used, and the 95% confidence interval was tested. The
correlation in the difference between males and females was
analyzed (parametric analysis with Pearson’s correlation test;
non-parametric analysis with Spearman’s correlation test). To
measure the difference in the average between males and fe-
males, a Student’s t-test was used for parametric analysis and a
Mann-Whitney test was used for non-parametric analysis.

One-way analysis of variance (ANOVA) was used to measure
the degree of reparability in the supraspinatus tendon, the de-
gree of fatty infiltration, and muscular atrophy, highest portion of
the greater tuberosity from the center of rotation, and the cor-
relation was analyzed.

Results

Among the 247 cases, there were 93 intact supraspinatus, 50
partial-thickness tears, and 104 full-thickness tears.
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Measurement of the Radius and Greater Tuberosity of
Humeral Head

For 93 intact supraspinatus cases, the greater tuberosity was
analyzed as normal differences. The average of the proximal ra-
dius in the humeral head was 25.3 mm in males and 22.3 mm
in females, which showed a significant difference (p<0.001).
The average height from the center of rotation was 4.3 mm in
males and 4.2 mm in females, but there was no significant differ-
ence (Mann-Whitney test, p=0.795; Student’s t-test, p=0.438).
A relationship between the radius in the humeral head and
height from the center of rotation to the greater tuberosity was
observed, but the correlation was weak (Pearson correlation co-
efficient r=0.157: Spearman correlation coefficient r=0.110).

Assessment of Atrophy and Fatty Infiltration of the
Supraspinatus Tendon

In the grades depending on the reparability of the supraspina-
tus tendon, there were significant correlations (r>0.2) between
the height from the center of rotation, degree of fatty degenera-
tion, degree of atrophy, and reparability grades (Table 1).

Discussion

The height from the head center, which was analyzed in this
study, showed a significant correlation with the fatty infiltration,
muscle atrophy in the radiologic images, and reparability during
arthroscopic repair.

Currently, there are few reliable options to manage irrepa-
rable rotator cuff tears. On the other hand, atrophy in the ten-
don is severe in cases of massive tears. Thus, the clinical results
from the repair of the torn tendon are not good fif it is difficult
to recover to the originally attached portion with the general
method, or if muscle atrophy becomes serious. Therefore, good
results can be achieved if conducting appropriate repair after
considering the time before the condition of the tendon reaches
a serious level.

As special radiological evaluations to identify the condition
of rotator cuffs, ultrasonography, arthrography, CT arthrography,
and MRI were used, but there might be situations that such spe-
cial radiologic evaluations cannot be applied owing to cost and
social status reasons.

Many methods have been proposed to assess the reparabil-
ity of rotator cuff tears. The widely used methods are measuring
AHD and fatty infiltration."”

Table 1. Correlation Coefficients with the Reparability Grades

Variable Greater l:‘uberosny . Fatty' Muscle
height infiltration atrophy
Pearson’s -0.439 0.766 0.707
Spearman’s rho -0.332 0.751 0.718
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Superior migration of the humeral head is a well-known
phenomenon in the late stage of rotator cuff disease or massive
tears. Therefore, many surgeons use AHD to evaluate the rota-
tor cuff tear and surgical decision-making. On the other hand, it
is unknown whether tendon involvement, tear sizes, or muscle
degeneration is the most important structural change in the
reduced AHD. The methods of measuring AHD among studies
vary according to anatomical landmarks. Moreover, the lack of
consistent standardized methods to measure the AHD may lead
to a lack of specificity and large variance.

Fatty infiltration is another widely used method to assess
reparability.'” After rotator cuff tears, atrophy of muscle fibers,'”
fibrosis, and accumulation of fat within and around muscle fibers
are often observed. This pathophysiological change is referred to
as fatty infiltration, which is defined broadly as the loss of skeletal
muscle mass and strength that occurs with aging. Fatty infiltration
is largely dependent on the size and the chronicity of rotator cuff
tears. The degree of these changes increases with increasing tear
size and time elapsed from the rupture of the tendon, and often
represents the limiting factor for tendon reconstruction."” Gerber
et al."”’ found from their study in a retraction muscle after ten-
don tear that the pennation angle is increased, and is most likely
not followed by an increase in the number of muscle fibers but
by a more unfavorable mechanical angle of the fibers to the cen-
tral muscle tendon. This means that the stage of fatty infiltration
is not only a concern, but the force and quality of the remaining
fibers are also likely to be somewhat underestimated in the more
retracted and fatty infiltrated muscle. From the authors’ personal
experience, in many cases with cuff tears with grade 3 fatty infil-
tration, it was possible to reduce the torn tendon to the footprint
in actual surgery.

As the suggestive findings of rotator cuff disease in plain ra-
diographs, there are anterolateral acromion spur and greater
tuberosity osteophyte formation” as well as a reduction in
AHD. Acromion or greater tuberosity spur are seen from the
early stages of rotator cuff disease. Even if the osteophyte of the
acromion is large, it cannot be associated with the rotator cuff
atrophy; there is insufficient evidence to assess the size of a tear
as large. Decreased AHD is observed clearly after rotator cuff
joint disease occurs, but there are many errors depending on the
method used to measure the AHD.

Regarding the findings that the humeral head appears almost
circular with the reduced height from the center of rotation to
the greater tuberosity, humeral head femoralization is observed
with acromial acetabularization in cases in which rotator cuff dis-
ease progressed. In many cases, however, a decrease in height
from the center of rotation was observed unless there was an ac-
romial acetabularization or serious reduction in AHD. From the
phenomenon that there is upward movement of the humeral
head during abduction, the long-term findings can be used to
determine whether to proceed.'”
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This study analyzed the normal range of height from the rota-
tion center. In the plain radiographs, the distance between the
center of rotation, which belongs to the articular surface on the
proximal portion of the proximal humeral head and the greater
tuberosity (height from the center of rotation to greater tuberos-
ity), was 4 mm, and there was no difference between males
and females. In addition, the height showed a good correlation
with the reparability of the supraspinatus tears. If the height is
reduced significantly, it can be expected that it will be difficult to
reduce it to the footprint during surgery.

This study had some limitations in the study. The number of
cases analyzed was insufficient. The reparability grades could
also have been affected by the authors’ surgical skills.'”

Conclusion

The height of the greater tuberosity from the circle with the
same rotation center was 4.3 mm in male and 4.2 mm in fe-
male. This height strongly correlated with muscular atrophy and
fatty infiltration of the supraspinatus tendon.
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