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ARTICLE INFO Background: Superior migration of the humeral head is common in large and massive rotator cuff tears
(RCTs). Humeral heads migrate superiorly according to an increase in the RCT size; however, the rele-
vance of the remaining cuff has not been elucidated. This study investigated the relation between su-
perior migration of the humeral head and the remaining rotator cuff, especially the teres minor (TM) and
subscapularis (SSC), in RCTs involving tears and atrophy of the infraspinatus (ISP).
Methods: Plain anteroposterior radiographic and magnetic resonance imaging examinations were
performed on 1345 patients between January 2013 and March 2018. A total of 188 shoulders with tears of
the supraspinatus and ISP with atrophic ISP were evaluated. Gradings of superior migration of the
humeral head and osteoarthritic change were evaluated using the acromiohumeral interval, Oizumi
classification, and Hamada classification on plain anteroposterior radiographs. The cross-sectional area of
the remaining rotator cuff muscles was evaluated using oblique sagittal magnetic resonance imaging. The
TM was classified as hypertrophic (H) and normal and atrophic (NA). The SSC was classified as non-
atrophic (N) and atrophic (A). All shoulders were classified as groups A (H-N), B (NA-N), C (H-A), and D
(NA-A). Age- and sex-matched patients with no cuff tears were also enrolled (control).
Results: The acromiohumeral intervals of the control group and groups A-D were 114 + 2.4, 9.5 + 3.8,
7.8 + 41,72 + 4.0, and 5.4 + 3.5 mm (84, 74, 64, 21, and 29 shoulders, respectively), with significant
differences between groups A and D (P < .001) and groups B and D (P = .016). Grade 3 of the Oizumi
classification and grades 3, 4, and 5 of the Hamada classification were significantly higher in group D
than in others (P < .001).
Conclusion: The group showing hypertrophic TM and nonatrophic SSC prevented significantly migra-
tion of the humeral head and cuff tear osteoarthritis compared to the group showing atrophic TM and
SSC in posterosuperior RCTs. The findings indicate that the remaining TM and SSC may prevent superior
migration of the humeral head and progression of osteoarthritic change in RCTs. In treating patients with
large and massive posterosuperior RCTs, the status of the remaining TM and SSC muscles should be
assessed.

© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Superior migration of the humeral head is often identified in
large and massive rotator cuff tears (RCTs). It is recognized as a
negative prognostic factor for the clinical evaluation of RCTs,’
symptomatic RCTs,”> nonoperative treatment, and arthroscopic
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débridement for RCTs, %% reparability of RCTs,”'#!” and retear
rates after rotator cuff repair.'®?! As superior migration of the hu-
meral head has been used to assess the severity of RCTs, the acro-
miohumeral interval (AHI) on plain radiographs is measured.> A
decrease in AHI and glenohumeral and subacromial osteoarthritic
changes is regarded as severity indicators radiographically.” Several
reports have shown that the decrease in AHI was correlated with
tear and fatty degeneration of the rotator cuff that involved the
infraspinatus (ISP).>!'21° However, little attention was paid to the
remaining cuff, especially the teres minor (TM) and subscapularis
(SSC); therefore, the relation between superior migration of the
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Shoulders with plain anteroposterior radiographs and standard MRI scans
between January 2013 and March 2018 (n = 1345)

Rotator cuff tears that did
not fit inclusion criteria (n
=844)

Exclusion criteria (n = 313)
* no cuff tear on MRI (n = 190)
* previous shoulder surgery (n = 18)
« fractures, dislocations (n = 80)
* infections (n =7)
+ cervical neuropathy (n = 0)
+ axillary nerve palsy (n = 0)
+ rheumatoid arthritis and other collagen diseases (n = 18)

Posterosuperior rotator cuff
tears with ISP atrophy (n = 188)

Control group: age-and sex-matched (n = 84)

* no cuff tear on MRI

* 70 periarthritis of the shoulder or frozen shoulder, 7 contusions, 1
ganglion, 1 acromioclavicular arthritis, 1 calcifying tendinitis, 1
biceps tendinitis, 1 osteonecrosis of the humeral head (early stage), 1
osteochondroma, 1 lipoma

Figure 1 Flow chart summarizing all shoulders in the study. MRI, magnetic resonance imaging; ISP, infraspinatus.

humeral head and the remaining cuff in RCTs has not been fully
elucidated.

Kikukawa et al reported that the TM appeared hypertrophic in
RCTs involving ISP on magnetic resonance imaging (MRI), and the
progression of ISP atrophy appeared to induce the development of
this hypertrophy.” Furthermore, shoulders with hypertrophic TM
had greater strength and range of external rotation than those with
normal or atrophic TM in posterosuperior RCTs. The range of
external rotation in shoulders with hypertrophic TM was main-
tained for the same level as the contralateral asymptomatic side; on
the other hand, those in shoulders with normal or atrophic TM
significantly decreased.® Rhee et al reported that ISP and inferior
SSC influenced active anterior elevation in massive RCTs as a result
of the measurements of the remaining cuff muscle volumes by
MRL'® Yoon et al also reported that symptomatic shoulders in pa-
tients with irreparable, massive RCTs with intact SSC and hyper-
trophic TM were more responsive to conservative treatment.??
They emphasized that the remaining cuff in massive RCTs, espe-
cially the TM and the SSC, may contribute to maintaining proper
shoulder function. To our knowledge, no reports on the relation
between the remaining cuff and superior migration of the humeral
head exist.

This study aimed to investigate whether superior migration of
the humeral head and severity of cuff tear osteoarthritis on plain
radiographs were related to the remaining cuff (TM and SSC) in
RCTs on MRI evaluation. We hypothesized that AHI would not
decrease in RCTs with hypertrophic TM and nonatrophic SSC and
would decrease, showing more severe osteoarthritic changes, in
RCTs with atrophic TM and SSC.

Materials and methods

This cross-sectional study was conducted between January 2013
and March 2018 and was approved by the ethical committee of our
institution. In total, 1345 patients were evaluated by plain ante-
roposterior radiographs and MRIs. Shoulders that had full-
thickness supraspinatus (SSP) and ISP tears showing atrophic ISP,
with or without SSC tears, were included in this study. The exclu-
sion criteria were no cuff tear, previous shoulder surgery, fractures,
dislocation, infection, cervical neuropathy, and axillary nerve palsy
of the affected shoulder. Patients with rheumatoid arthritis
and other collagen diseases were also excluded. Eventually, 188
shoulders were evaluated (Fig. 1).
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Radiographic assessment

The radiographic assessment included a conventional ante-
roposterior radiograph in the standing position with the arm at the
side in the neutral arm rotation. The beam was angled 20° cra-
niocaudally and 20° mediolaterally, perpendicular to the plane of
the scapula. The grading of superior migration of the humeral head
on anteroposterior radiographs based on AHI (Fig. 2A), Oizumi
classification (Fig. 2B),”> and Hamada classification’ were
evaluated.

MRI evaluation of the ISP, TM, and SSC muscles

MRI examination was performed with a 1.5-T and 3.0-T system
(Siemens Corp., Munich, Germany). T2-weighted spin-echo images
(2500—5000/120, with a 3-mm section thickness) were obtained.
According to the standard findings on the three MRI planes (oblique
coronal, oblique sagittal, and axial), all affected shoulders had full-
thickness tears of the SSP and ISP tendons with or without SSC
tears, which confirmed the discontinuity of the two tendons at the
superior and middle facets of the greater tuberosity.® We used
the MRI evaluation criteria of Kikukawa et al;® thus, the areas of
the ISP, TM, anatomic external rotator (a-ER), and SSC muscles were
measured on the most lateral sagittal oblique plane, with the
scapular spine in contact with the scapular body (Fig. 3, A and B).
This plane was defined as the most lateral Y-shaped form composed
of the spine of the scapula, scapular body, and coracoid process. The
95% confidence interval (CI) of the occupational ratios of the ISP,
TM, a-ER, and SSC muscles in the no-cuff tear group were derived in
a previous report.® The definitions of atrophy and hypertrophy of
each muscle were as follows:

Occupational ratio of the ISP muscle = ISP area/a-ER area (95%

CI: 0.586—0.810)
Atrophic ISP: Occupational ratio of the ISP <.586
Occupational ratio of the TM muscle = TM area/a-ER area (95%
CI: 0.112-0.288)
Atrophic TM: Occupational ratio of the TM < 0.112
Hypertrophic TM: Occupational ratio of the TM > 0.288
Occupational ratio of the SSC muscle = SSC area/a-ER area (95%
CI: 0.649-1.282)

Atrophic SSC: Occupational ratio of the SSC <0.649
The affected shoulders were divided into two types according to
the TM muscles: hypertrophic TM and normal or atrophic TM, and
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y 5

Oizumi classification

Figure 2 (A) The acromiohumeral interval was measured as the smallest distance from the undersurface of the acromion to the superior aspect of the humeral head. (B) The grade
of superior migration on the Oizumi classification was defined by the inferior border of the glenoid and the humeral head. The inferior half of the glenoid was divided into three
zones: in grade 0, the inferior border of the humeral head was equal to or below the lower glenoid; in grades 1, 2, and 3, the inferior border of the humeral head was in each zone.

Grade 4 was recognized as the inferior border of the humeral head above zone 3.

into two types according to the SSC muscles: nonatrophic SSC and
atrophic SSC. In keeping with these classifications, all affected
shoulders were divided into four groups: group A (hypertrophic TM
and nonatrophic SSC), group B (normal or atrophic TM and non-
atrophic SSC), group C (hypertrophic TM and atrophic SSC), and
group D (normal or atrophic TM and atrophic SSC). For comparison
with normal shoulders, an age- and sex-matched group of in-
dividuals with no cuff tear (control group) was also enrolled (Fig. 1).
A random sample of 120 muscles (ISP, TM, a-ER, and SSC mus-
cles) from 30 individuals was assessed on different occasions by
two authors (T.T. and K.K.) to quantify intraobserver and interob-
server reliabilities. For intraobserver reliability, each author eval-
uated all samples twice with two weeks between evaluations.

Statistical analysis

All analyses were performed with the EZR software program
(Saitama Medical Center, Jichi Medical University, Saitama, Japan).*
Differences in the measurements among groups were analyzed
using one-way analyses of variance, and post hoc pairwise com-
parisons were performed using Tukey—Kramer multiple compari-
son test. Categorical factors were compared using Fisher's exact
test, and Bonferroni adjustment was performed for multiple com-
parisons. Intraobserver and interobserver reliabilities for ISP, TM, a-
ER, and SSC areas on MRI scans were evaluated with the intraclass
correlation coefficient (ICC) and for the types of ISP, TM, and SSC
with Cohen « statistic.

Results

The participants included 97 men and 91 women, with a mean
age of 73.9 + 8.2 (range, 39-93) years. The demographic data for
each shoulder group are summarized in Table I. There were sig-
nificant differences between groups A and D in age (P =.023), with
no significant difference between the other groups. No tear of the
TM was confirmed on MRIL

The average occupational ratio of the ISP in all affected shoul-
ders was 0.250 + 0.160 (range, 0-0.585). The ISP muscles were
confirmed to be atrophic in all affected shoulders. The occupational
ratios of the ISP in groups A, B, C, and D were 0.24 + 0.15, 0.29 + 0.17,
0.18 + 0.14, and 0.22 + 0.17, respectively (Fig. 4A). There was a
significant difference between groups B and C (P = .037). The
occupational ratios of the TM in groups A, B, C, and D were
0.38 + 0.07, 0.16 + 0.10, 0.38 + 0.06, and 0.13 + 0.10, respectively
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Table I

Demographic data of the shoulders in each group.
Group Control A (H-N) B (NA-N) C (H-A) D (NA-A)
Number 84 74 64 21 29
Male:Female 43:41 41:33 37:27 10:11 9:20
Age 723 +54 721+83 753+78 721+x75 77.0+79

H-N, hypertrophic TM, and nonatrophic SSC; NA-N, normal or atrophic TM, and
nonatrophic SSC; H-A, hypertrophic TM, and atrophic SSC; NA-A, normal or atrophic
TM, and atrophic SSC; SSC, subscapularis; TM, teres minor.

(Fig. 4B). The occupational ratios of the SSC in groups A, B, C, and D
were 1.14 + 0.28,1.2 + 0.43, 0.56 + 0.21, and 0.57 + 0.18, respectively
(Fig. 4C). Intraobserver agreements for ISP, TM, a-ER, and SSC
muscle measurements were excellent (ICC >0.99), with Cohen «
values of 0.93 (95% CI, 0.80-1.06), 0.84 (95% CI, 0.63-1.05), and
1 (95% CI, 1) for ISP, TM, and SSC, respectively. Interobserver reli-
ability for ISP, TM, a-ER, and SSC muscle measurements were
excellent (ICC >0.99), with Cohen k values of 0.87 (95% CI, 0.69-
1.05),1 (95% CI, 1), and 1 (95% CI, 1) for ISP, TM, and SSC, respec-
tively. Therefore, we concluded that the rates were reliable.

The mean AHI of the control group and groups A, B, C, and D
were 114 + 2.4, 9.5 + 3.8, 7.8 + 4.1, 7.2 + 4.0, and 5.4 + 3.5 mm,
respectively (Fig. 5). There were significant differences between
groups Aand D (P <.001), groups B and D (P =.016), and the control
group and all other groups (P < .001), with a statistical power of
0.775-1 between the groups with statistical significance.

There were no grade 4 shoulders, assessed according to the
Oizumi classification, in any group. There was a significant differ-
ence among the groups in the Oizumi classification (P < .001), with
significant differences between groups A and D (P < .001), groups C
and D (P = .045), and the control group and all other groups
(P <.001) (Fig. 6). The ratios of grade 3 in groups A, B, C, and D were
8.1%, 14.0%, 4.8%, and 44.8%, respectively, with significant differ-
ences between groups Aand D (P <.001), groups B and D (P =.029),
groups C and D (P = .031), and the control group and groups B
(P =.004) and D (P < .001).

There was a significant difference among the groups in the
Hamada classification (P < .001), with significant differences be-
tween groups A and D (P < .001), groups B and D (P < .001), and the
control group and all other groups (P < .001) (Fig. 7). The ratios of
grades 3, 4, and 5 in groups A, B, C, and D were 6.8%, 17.2%, 19.0%,
and 69.0%, respectively, with significant differences between
groups Aand D (P <.001), groups Band D (P <.001), groups C and D



T. Tamura, T. Tokunaga, T. Karasugi et al.

JSES International 7 (2023) 561-567

Figure 3 (A and B) The a-ER muscle was traced on the lateral margin of the scapula, the inferior margin of the TM, and the medial margin of the deltoid. (A) The ISP, (A) TM, and (B)
SSC muscles were traced on the margin of each muscle. a-ER, anatomic external rotator; ISP, infraspinatus; TM, teres minor; SSC, subscapularis.
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Figure 4 The occupational ratios in each group. *P < .05 **P < .01. ISP, infraspinatus; TM, teres minor; SSC, subscapularis; a-ER, anatomic external rotator.

(P = .006), and the control group and groups B (P < .001), C
(P=.013),and D (P < .001).

Discussion

The present study confirmed the tear and atrophy of the ISP in
groups A-D and found that the AHIs in those groups significantly
decreased compared to those in the group with no RCTs (control
group). Mura et al reported that superior translation of the humeral
head significantly increased by cutting the SSP and ISP in a
biomechanical study."' Nové-Josserand et al reported that the AHI
decreased in SSP and ISP tears involving fatty infiltration of the ISP
muscle.'? Additionally, Keener et al reported that humeral heads in
SSP and ISP tears migrated more superiorly than those in isolated
SSP tears.” These reports and our findings indicate that ISP con-
tributes to the suppression of the humeral head as a stabilizer of the
shoulder.

Several factors leading to superior migration of the humeral
head in RCTs have been reported.>'"'>!° These studies have indi-
cated that the humeral head migrated superiorly in accordance
with tears of the rotator cuff and progression of atrophy or fatty
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infiltration of the involved cuff muscles, especially in the SSP and
ISP. The present study demonstrated that there were significant
differences in the AHI in RCT groups, especially in group D, which
remarkably decreased compared with that in other groups (Fig. 5).
Furthermore, the ratios of grade 3 Oizumi classification and grades
3, 4, and 5 of the Hamada classification in group D significantly
increased compared to those of the other groups (Figs. 6 and 7).
These results suggest that superior migration of the humeral head
and the severity of cuff tear osteoarthritis may be associated with
not only the tear size and severely atrophied or fatty infiltrated
rotator cuff muscles but also the status of the remaining TM and
SSC.

Kikukawa et al reported that hypertrophic changes of the TM
were observed in RCTs involving tear and atrophy of the ISP.” They
reported that the strength and range of external rotation in hy-
pertrophic TM were maintained in patients with posterosuperior
RCTs. In contrast, those in normal and atrophic TM were not. They
concluded that hypertrophic change of the TM muscle in RCTs was
meant to be compensatory.® Yoon et al reported that the failure rate
of conservative treatment was low in patients with irreparable,
massive RCTs, showing intact SSC and hypertrophic change of the
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Figure 6 The rate of Oizumi classification grade in each group. *P < .05 **P < .01.

TM.?? The present study showed that the mean AHI in group A was
9.5 mm, which did not decrease compared to that in other groups
(Fig. 5). Piepers et al reported that there was no significant differ-
ence between the muscle volume of the anterior (SSC) and poste-
rior parts (ISP/TM) of the rotator cuff transverse force couple in
nonpathologic shoulders."” Hypertrophic TM in RCTs indicated a
compensatory change to maintain the transverse force couple and
prevent the progression of superior migration of the humeral head
and cuff tear osteoarthritis, followed by tear and atrophy of the ISP.
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Interestingly, the results of the AHI and the grades of Oizumi and
Hamada classifications in groups B and C were similar and were
between those in groups A and D (Figs. 5—7). These findings prompt
the question, “Is the isolated anterior part (nonatrophic SSC) or
posterior part (hypertrophic TM) able to prevent the superior
migration of the humeral head by itself?” Although we cannot
explain the reason correctly due to the study’s cross-sectional
nature, we speculate that groups B and C may be on the way to
group D.
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Figure 7 The rate of Hamada classification grade in each group. *P < .05 **P < .01.

Yoon et al reported that symptomatic shoulders in patients
with irreparable, massive RCTs with intact SSC and hypertrophic
TM were more responsive to conservative treatment.”” Rhee et al
reported that the ISP and inferior SSC muscle volume loss in
massive RCTs showed a significant relationship with the occur-
rence of pseudoparalysis due to the measurements of the
remaining cuff muscle volumes by MRL'® The disruption of the
transverse force couple was considered to induce the loss of active
elevation in RCTs. Considering the above reports, we speculate
that the active range and muscle strength of shoulder motion in
group D of our classification may have decreased significantly
than those in other groups; in contrast, those in group A may have
increased. Getting together, it is suggested that a more conser-
vative strategy may be possible in patients with full-thickness RCT
without superior migration of the humeral head. While repair
should be performed due to altered glenohumeral contact points
and an increased risk for accelerated progression to cuff
arthropathy.

Appropriate diagnosis and treatment of a massive RCT require
the condition to be classified as acute, acute-on-chronic, or chronic.
Acute-on-chronic and chronic RCTs usually occur in elderly pa-
tients, and outcomes are more unpredictable.®> The present study
included all shoulders with posterosuperior RCTs with ISP atrophy,
which are suggested to be probably chronic in all cuff tear groups.
Meanwhile, SSC tears may have included some acute tears in
addition to acute-on-chronic and chronic tears because the SSC
muscles showed atrophic and nonatrophic changes.

The present study had several limitations. First, we did not
evaluate anterosuperior RCTs. Second, we did not evaluate the long
head of the biceps tendon, which was shown to be a suppressor of
the humeral head.® Third, no power analysis was performed prior
to the present study because it was difficult to set the clinically
significant difference between AHI and its standard deviation as the
main outcome in the present study. Fourth, only 30 images were
evaluated for interrater reliability. Fifth, there was no standardi-
zation of plain anteroposterior radiographs, such as the
Suter—Henninger classification. Finally, TM was divided into two
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types in the present study because Kikukawa et al reported the
ranges of external rotation were maintained in the hypertrophic TM
group; on the other hand, those were significantly decreased in the
normal or atrophic TM group.® However, we did not evaluate the
clinical findings of all shoulders, such as shoulder range and muscle
strength. Further studies should be needed.

Conclusions

In total, 188 shoulders with posterosuperior RCTs with or
without SSC tears were evaluated for superior migration of the
humeral head and osteoarthritic change on plain anteroposterior
radiographs and the remaining TM and SSC on MRI. The results
demonstrated that the degree of superior migration of the humeral
head and severity of cuff tear osteoarthritis were milder in the
group with hypertrophic TM and nonatrophic SSC than in the group
with atrophic TM and SSC. The remaining TM and SSC may prevent
progression to superior migration of the humeral head and osteo-
arthritic change in RCTs. The relationship between the radio-
graphical assessment of the remaining cuff and clinical shoulder
function should be investigated in the future.
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