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Background: Acromiohumeral interval (AHI) reversibility is used to evaluate whether superior humeral migration is fixed or flexible
in patients with massive rotator cuff tears (MRCTs). AHI reversibility is measured as the difference in the AHI observed between
standard and stress radiography. However, factors affecting AHI reversibility have not been studied in the existing literature.

Purpose: To investigate potential factors affecting AHI reversibility in patients with MRCTs.
Study Design: Case-control study; Level of evidence, 3.

Methods: A retrospective analysis was conducted on 58 patients with MRCTs, who had undergone magnetic resonance imaging,
computed tomography, and stress radiography of the same shoulder. Potential factors affecting AHI reversibility were evaluated
by stepwise regression analysis.

Results: A total of 58 patients (26 male, 32 female) were included in this study. The mean age of the patients was 66.4 + 8.3
years. There were 33 patients classified as having a reversible AHI and 25 patients classified as having an irreversible AHI.
Age, time from symptom onset, anteroposterior tear size, critical shoulder angle (CSA), acromial index, and subscapularis Gou-
tallier grade were associated with AHI reversibility in univariate analysis. Multivariate linear regression analysis showed that a lon-
ger time from symptom onset and a bigger CSA were significantly associated with lower AHI reversibility. No significant
association was found between AHI reversibility and sex; body mass index; activity level; tear retraction; biceps condition; deltoid
cross-sectional area; and Goutallier grade of the supraspinatus, infraspinatus, and teres minor muscles. The cutoff values to pre-
dict AHI reversibility for time from symptom onset and CSA were found to be 5.5 years and 38°, respectively.

Conclusion: Time from symptom onset (>5.5 years) and CSA (>38°) were significant independent factors of AHI reversibility.
These factors should be considered for the decision-making process in patients with MRCTs.

Keywords: shoulder; shoulder replacement; rotator cuff; acromiohumeral interval; critical shoulder angle; rotator cuff arthropathy;
massive rotator cuff tear

Superior migration of the humeral head is an inevitable
consequence of progressive rotator cuff disease; thus, the
acromiohumeral interval (AHI) has been described as
a prognostic factor for massive rotator cuff tears
(MRCTSs).283% Multiple studies have provided evidence
indicating that a preoperative AHI <7 mm on static radi-
ography is a notable risk factor for failure of both rotator
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cuff repair and reconstructive procedures such as latissi-
mus dorsi tendon transfer and superior capsular recon-
struction.>?® Conversely, several studies have reported
favorable clinical outcomes in cases in which the AHI
remains <7 mm after soft tissue reconstructive proce-
dures.®'3 Could it be associated with errors in measure-
ments, or is it more about the dynamic structure of the
AHI?

The term “AHI reversibility” refers to the capability of
a shoulder with superior migration on standard radiogra-
phy to return to its original position on stress radiography.
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AHI reversibility is measured as the difference in the AHI
observed between standard radiography and stress radiog-
raphy with a 5-kg weight applied to the hands. The signif-
icance of AHI reversibility, a topic that has received
limited attention in the literature, becomes apparent in
this context. Recently, two studies proposed that an
increase in the AHI on preoperative stress radiography
indicated improved outcomes after rotator cuff repair and
tendon transfer.1%?” Additionally, Mirzayan et al® found
that there was a significant increase in the AHI on stand-
ing radiography compared to magnetic resonance imaging
(MRI) because of a gravity effect in shoulders with Ham-
ada grades 1 and 2, although this effect was not seen in
shoulders with Hamada grades >3. While it is a known
fact that AHI reversibility decreases with higher Hamada
grades, the reasons behind why certain shoulders in the
transitional zone between Hamada grades 1 and 3 exhibit
higher AHI reversibility, while others display lower AHI
reversibility, are still unknown.

A greater awareness of the factors influencing AHI
reversibility in patients with MRCTs provides valuable
insights into this complex condition and enhances our
decision-making process when considering treatment
options. The aim of the current study was to evaluate
potential factors affecting AHI reversibility on stress radi-
ography in patients with MRCTs with Hamada grade 2 or
3. We hypothesized that age, time from symptom onset,
and critical shoulder angle (CSA) would affect AHI
reversibility.

METHODS

After receiving approval from our institutional review
board, a retrospective review of all shoulder MRI scans
performed at our institution between January 2022 and
January 2023 was conducted to identify patients with
MRCTs. The inclusion criteria were as follows: (1) patients
with MRCTs who refused a surgical intervention and
underwent nonoperative management, (2) shoulders with
tendon retraction located at or medial to the glenoid on
coronal-plane MRI, (3) shoulders with an AHI <7 mm in
the Grashey view, and (4) the same shoulders having
undergone computed tomography (CT) and stress radiog-
raphy within 1 year. The exclusion criteria were as follows:
(1) patients with severe rotator cuff arthropathy catego-
rized as Hamada grades >3; (2) previous surgery on the
same shoulder; and (3) presence of a frozen shoulder,
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glenohumeral arthritis, or inflammatory arthritis. Adher-
ing to the defined criteria, 58 patients met the require-
ments and were included in the study.

Radiological Evaluation

To achieve standardized radiographic quality, 2 radiology
technicians were specifically selected and trained. All
radiographs were obtained in the standing position. The
AHI measurement involved determining the distance
from the undersurface of the acromion to the highest point
of the humeral head on true anteroposterior radiography
and stress radiography with a 5-kg weight applied to the
hands. The distances from the shoulder to the cassette
and the x-ray beam were kept uniform to ensure accuracy
and reliability. Further, scapular rotation was prevented
by stabilizing the scapula between the thorax and cassette,
which was confirmed by assessing clavicular orientation.
AHI reversibility was calculated as the difference in the
AHI between the 2 radiographic techniques (Figure 1).
Using the threshold value of 4 mm, patients were catego-
rized into reversible and irreversible AHI groups.

All shoulder MRI examinations were performed using
a 1.5-T MRI scanner (MAGNETOM Aera; Siemens
Healthineers). Shoulder MRI included the following
sequences: T1-weighted and fat-saturated T2-weighted
sagittal oblique sequences, fat-saturated T2-weighted coro-
nal oblique and axial sequences, and proton density—
weighted axial sequences. The MRI scans were evaluated
to determine tear size, tear retraction, deltoid cross-
sectional area,® and grade of fatty degeneration according
to the Goutallier classification® (Figure 2). Tear size and
tear retraction were defined as the maximum defect size
on sagittal oblique images and coronal images, respec-
tively. To ensure measurement standardization, shoulder
CT scans (Revolution EVO; GE HealthCare) were utilized
for accurate and consistent assessments of CSA, acromial
index (AI), and glenoid inclination®*?° (Figure 3). To
assess intraobserver and interobserver reliability, the first
author (A.E.O.) repeated the measurements after a mini-
mum interval of 2 weeks, and the results were compared
to those of an experienced radiologist (E.G.).

The following patient characteristics were recorded
using a medical recording database system: age, sex,
body mass index, time from symptom onset, and activity
level. The activity level of each patient was evaluated
based on 4 -categories (occupation, preferred sports
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Figure 1. lllustration of acromiohumeral interval (AHI) reversibility on standard anteroposterior radiography. (A) The AHI measured
on standard radiography. (B) The AHI measured on stress radiography with a 5-kg weight. The difference in the AHI between stan-
dard and stress radiography was used to determine AHI reversibility. Using the threshold value of 4 mm, patients were catego-
rized into reversible and irreversible AHI groups.
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Figure 2. Assessment of (A) tear size, (B) Goutallier grade of rotator cuff muscles, and (C) deltoid cross-sectional area on mag-
netic resonance imaging.

Figure 3. Morphological evaluation performed via computed tomography (CT) with multiplanar reconstruction slices. (A) The crit-
ical shoulder angle (CSA) measurement. (B) The acromial index (Al) measurement. To determine the Al, the glenoacromial dis-
tance (GA) was divided by the glenohumeral distance (GH). (C) The glenoid inclination measurement. Glenoid inclination was
calculated by subtracting the B-angle from 90°.
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activities, exercise frequency, and exercise duration) utiliz-
ing scoring tables as described earlier, resulting in activity
level scores ranging from 4 to 12 points.'®

Statistical Analysis

Statistical analyses were performed using SPSS (Version
22.0; IBM). Descriptive statistics were presented as the
mean *+ standard deviation. The normality of distributions
was assessed using the Shapiro-Wilk test. Univariate anal-
ysis to identify variables associated with AHI reversibility
was conducted using the chi-square, Fisher exact, and
Mann-Whitney U tests. Possible factors identified in uni-
variate analysis were included in multivariate linear
regression analysis to determine independent predictors
of AHI reversibility. Multicollinearity was assessed using
the variance inflation factor, with a value <5 indicating
stable regression. Potential variables that were found to
be statistically significant were loaded into receiver operat-
ing characteristic analysis to evaluate discriminative
capacity. A previous study identified a threshold value of
4.0 mm for AHI reversibility to predict achieving a patient
acceptable symptom state.2” Utilizing the threshold value,
patients were categorized into reversible and irreversible
AHI groups to reveal cutoff values for potential factors.
The threshold for acceptable capacity was an area under
the curve (AUC) >0.80. Intraclass correlation coefficients
>(0.8 were considered excellent, while values between 0.5
and 0.8 were considered good. Power analysis indicated
that a sample size of 58 was sufficient to detect significant
correlations, with an effect size (Cohen d) of 0.6, a type 1
error of 5%, and a power of 80%. P values <.05 were con-
sidered statistically significant.

RESULTS

A total of 58 patients (26 male, 32 female) were included in
this study. The mean age of the patients was 66.4 + 8.3
years (range, 51-80 years). The mean time from symptom
onset was 4.6 = 3.5 years (range, 1-10 years). All patients
had MRCTs, with superior migration evident on standard
standing shoulder radiography. The mean AHI on true
anteroposterior radiography was 3.8 = 2.5 mm (range,
1.1-6.9 mm). The mean AHI difference between standard
and stress radiography was 4.2 = 1.7 mm (range, 0.1-7.8
mm). There were 33 patients classified as having a revers-
ible AHI and 25 patients classified as having an irrevers-
ible AHI. Patient and shoulder characteristics based on
AHI reversibility are shown in Tables 1 and 2, respectively.
The intraobserver and interobserver reliability for the
radiological measurements were determined to be good to
excellent, with intraclass correlation coefficients ranging
between 0.78 and 0.95 (Table 3).

Univariate analysis showed that older age (P = .032),
a longer time from symptom onset (P = .001), a larger ante-
roposterior tear size (P = .013), a bigger CSA (P < .001),
a greater Al (P =.033), and a higher subscapularis Goutal-
lier grade (P = .041) were all significantly associated with
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TABLE 1
Patient Characteristics®

Value (n = 58)

Age, y 66.4 + 8.3 (51-80)
Sex
Male 26 (44.8)
Female 32 (55.2)
Body mass index, kg/m? 28.5 + 6.1 (24-35)
Laterality
Right 35 (60.3)
Left 23 (39.7)

4.6 = 3.5 (1-10)
5.1 * 2.3 (4-10)

Time from symptom onset, y
Activity level

“Data are shown as mean * SD (range) or n (%).

decreased AHI reversibility (Table 4). The aforementioned
factors were included in multivariate linear regression
analysis to evaluate the combined effects of multiple
covariates and to determine the significant influencing fac-
tors of AHI reversibility. The AI was excluded in the mul-
tivariate regression model because there was
multicollinearity between the AI and CSA. Other factors
potentially influencing AHI reversibility were included in
multivariate regression analysis. Multivariate regression
analysis showed that a longer time from symptom onset
(B = —0.962 [95% CI, —-1.133 to —0.791]) and a bigger
CSA (B = —0.184 [95% CI, —0.298 to —0.066]) were signif-
icantly associated with decreased AHI reversibility. No sig-
nificant association was found between AHI reversibility
and sex; body mass index; activity level; tear retraction;
biceps condition; deltoid cross-sectional area; and Goutal-
lier grade of the supraspinatus, infraspinatus, and teres
minor muscles.

Furthermore, receiver operating characteristic analysis
revealed adequate discrimination for time from symptom
onset and CSA in predicting AHI reversibility. A time
from symptom onset of 5.5 years was determined to be
74% sensitive and 91% specific for AHI reversibility
(AUC = 0.93) (Figure 4). A CSA of 38° was determined to
be 62% sensitive and 90% specific for AHI reversibility
(AUC = 0.84) (Figure 5).

DISCUSSION

The goal of the present study was to determine whether
there were potential factors that affect AHI reversibility
in patients with MRCTs. The most important findings of
the present study were that AHI reversibility had a signif-
icant association with time from symptom onset, indicating
that a prolonged duration (>5.5 years) since the initial
appearance of symptoms demonstrated less AHI reversibil-
ity. Also, CSA had a notable effect on AHI reversibility,
indicating that a higher CSA (>38°) corresponded to
diminished AHI reversibility.

Superior migration of the humeral head is a well-known
prognostic factor that is a consequence of an unbalanced
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TABLE 2
Shoulder Characteristics®
Reversible AHI (>4 mm; n = 33) Irreversible AHI (<4 mm; n = 25) P

Age, y 64.6 = 8.1 69.3 = 5.8 .032
Sex, male/female 15/18 11/14 .119
Body mass index, kg/m? 28.4 £ 5.5 29.3 *+ 3.6 .216
Time from symptom onset, y 42+ 1.8 6.1 = 32 .001
Activity level 54 *+ 23 51 * 3.2 341
AHI on static radiography, mm 42 + 34 3.5+ 38 .118
Anteroposterior tear size, mm 374 + 5.2 40.1 = 6.3 .013
Tear retraction, mm 38.6 + 5.8 393 + 7.7 119
Biceps condition, intact/ruptured 20/13 16/9 .322
Deltoid cross-sectional area, mm? 3563 = 458 3731 = 561 .329
Critical shoulder angle, deg 36.3 =25 40.1 = 3.6 <.001
Acromial index 0.7 £ 0.3 0.8 0.9 .033
Glenoid inclination, deg 18.3 = 5.1 194 = 6.2 .164
Goutallier grade >3

Subscapularis 3 10 .041

Supraspinatus 14 17 .143

Infraspinatus 9 12 213

Teres minor 4 8 .362

“Data are shown as mean *= SD or No. Values in bold (P < .05) are statistically significant. AHI, acromiohumeral interval.

TABLE 3
Intraobserver and Interobserver Reliability®

Intraobserver

Interobserver

AHI reversibility

Anteroposterior tear size

Tear retraction

Deltoid cross-sectional area
Critical shoulder angle

Acromial index

Glenoid inclination
Goutallier grade (0-4)

Subscapularis
Supraspinatus
Infraspinatus
Teres minor

0.94 (0.92-0.95)
0.84 (0.81-0.88)
0.82 (0.79-0.84)
0.79 (0.75-0.82)
0.91 (0.88-0.94)
0.92 (0.90-0.94)
0.88 (0.85-0.92)

0.84 (0.81-0.86)
0.83 (0.81-0.85)
0.81 (0.79-0.83)
0.82 (0.79-0.84)

0.95 (0.91-0.98)
0.81 (0.79-0.83)
0.80 (0.77-0.83)
0.78 (0.75-0.81)
0.90 (0.88-0.92)
0.91 (0.88-0.93)
0.87 (0.85-0.90)

0.82 (0.79-0.87)
0.83 (0.80-0.86)
0.80 (0.78-0.82)
0.81 (0.77-0.85)

“Data are shown as intraclass correlation coefficient (95% CI).
AHI, acromiohumeral interval.

force couple in patients with MRCTs.!%2%3% The goal of
both rotator cuff repair and reconstructive procedures is
to create a stable fulcrum, rebalancing force couples and
improving joint kinematics by a recentered humeral
head.” Unfortunately, there is a lack of definitive evidence
regarding the effectiveness of various surgical options to
achieve these biomechanics, thus selecting the most appro-
priate treatment for each patient is a significant chal-
lenge.!” In this context, AHI reversibility serves as
a potential explanation for the varying postoperative out-
comes in patients with a smaller preoperative AHI.1%27
In their study, Jeon et al'® identified a significant associa-
tion between outcomes after arthroscopic rotator cuff

repair of MRCTs and an increase in the AHI >3.2 mm on
preoperative stress radiography. Similarly, an inadequate
AHI improvement was identified as a predictive factor for
the likelihood of retears after superior capsular reconstruc-
tion.'® Therefore, careful attention should be paid to AHI
reversibility in addition to the static AHI when making
decisions related to treatment options.

The findings of the present study showed that the time
from symptom onset was an independent predictive factor
of AHI reversibility. Several studies have examined the
natural history of rotator cuff tears and found that approx-
imately 50% of such tears worsen over a 4-year
period.}*%425 Moosmayer et al?* reported that for patients
who underwent nonoperative treatment, over a 9-year
period, outcomes generally remained satisfactory, but
there existed a risk of symptom recurrence and a deteriora-
tion in anatomic factors. Furthermore, Jeong et al'! high-
lighted that the occurrence of postoperative osteoarthritis
progression was higher among patients in the retear
group, regardless of improvements in the functional status
after rotator cuff repair. Consistent with these data, our
study showed that the time from symptom onset was neg-
atively correlated with AHI reversibility, irrespective of
the long-term functional status. One plausible explanation
is that with an extended time from symptom onset, the pro-
gression of the degenerative process of rotator cuff arthrop-
athy and the unopposed upward pull of the deltoid muscle
led to superior migration of the humeral head, which
became increasingly irreversible.

Another relevant finding of the current study is the sig-
nificant effect of the CSA on AHI reversibility. There has
been an ongoing debate regarding the effect of the CSA
on rotator cuff tears.?> While various studies have shown
an association between a CSA >35° and an increased
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TABLE 4
Factors Affecting AHI Reversibility®

B 95% CI P Variance Inflation Factor
Age -0.014 —-0.021 to 1.035 .651 4.71
Time from symptom onset -0.962 -1.133 to —0.791 <.001 2.81
Anteroposterior tear size -0.138 -1.115 to 1.201 .193 2.76
Critical shoulder angle -0.184 -0.298 to —0.066 <.001 3.38
Subscapularis Goutallier grade >3 -0.235 -1.413 to 2.166 .651 2.11

“Values in bold (P < .05) are statistically significant. AHI, acromiohumeral interval.
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Figure 4. Receiver operating characteristic analysis of time
from symptom onset as a predictor of acromiohumeral inter-
val (AHI) reversibility. Area under the curve = 0.93. A time
from symptom onset of 5.5 years was 74% sensitive and
91% specific for AHI reversibility.

risk of rotator cuff disease, some have reported that the
CSA is unlikely to be related to rotator cuff tears.’2? Bio-
mechanically, an increase in the CSA leads to a more ver-
tical deltoid muscle vector that forces the humeral head to
migrate superiorly, resulting in a greater load on the supe-
rior rotator cuff tendons.?82?° The ongoing CSA controversy
may be linked to challenges in obtaining precise measure-
ments, caused by positioning errors on true anteroposte-
rior radiography and the considerable variability in 3-
dimensional scapular morphology due to scapular rota-
tion.?® The use of CT with multiplanar reconstruction sli-
ces in the current study aimed to ensure more accurate
CSA measurements.?’ Nevertheless, CT is unnecessary if
accurate radiographs are obtained. However, inferences
should not be drawn from measurements taken on incor-
rect images. Our findings revealed that the CSA was neg-
atively correlated with AHI reversibility.
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Figure 5. Receiver operating characteristic analysis of criti-
cal shoulder angle (CSA) as a predictor of acromiohumeral
interval (AHI) reversibility. Area under the curve = 0.84. A
CSA of 38° was 62% sensitive and 90% specific for AHI
reversibility.

The variability in AHI reversibility among shoulders in
the transitional zone between Hamada grades 2 and 3
serves as a reminder that rotator cuff arthropathy is a com-
plex and long-term process. The association between tear
progression and symptom presentation may not always
be reliable, as patients adapt to structural changes over
time.'® Also, it has been reported that the severity of radio-
graphic findings may not relate to symptoms in glenohum-
eral arthritis.!? Similarly, it can be also suggested that
there is no correlation between tear progression and
arthropathy progression. It seems more reasonable that
AHI reversibility is associated with the progression of
arthropathy rather than tear progression. Age, sex, tear
size, and grade of fatty infiltration are all considered as
potential factors that influence tear progression.2%*2 Our
study’s results indicated that time from symptom onset
and CSA played more significant roles in AHI reversibility
and therefore in arthropathy progression.
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AHI reversibility also holds substantial importance in
the decision-making process for the surgical treatment of
younger patients with Hamada grades 2 and 3 rotator
cuff arthropathy. The optimal treatment choice remains
a controversy in this group of patients, and AHI reversibil-
ity may serve as a threshold in determining whether to
prefer soft tissue or prosthetic reconstructive procedures.
Despite several review articles analyzing the outcomes of
these treatment options, a definitive superior technique
has not been conclusively identified.>'” The consensus
among shoulder surgeons is that superior capsular recon-
struction is contraindicated and not considered a viable
option for patients older than 70 years with pseudoparesis
and an irreparable subscapularis tear.?! The results of the
current study emphasize that lower AHI reversibility,
a long time from symptom onset (>5.5 years), and an
increased CSA (>38°) are potential factors that can nega-
tively affect final outcomes after soft tissue reconstructive
procedures.

Limitations

Several limitations were encountered in the present study,
notably its retrospective nature and the relatively small
sample size, possibly leading to some results being under-
represented. Also, this study was particularly focused on
radiological examinations and did not address the progno-
sis of rotator cuff tears or explore potential treatment
options. Although good to excellent interobserver reliabil-
ity and intraobserver reliability were demonstrated for
all measurements, it is important to recognize that scapu-
lar rotation inevitably occurs on stress radiography, there-
fore having an impact on the AHI. A patient’s muscle
weakness or overall fitness may also impact AHI revers-
ibility. These findings have practical implications, suggest-
ing the potential use of a preoperative radiological
parameter for predicting clinical outcomes. Further confir-
mation of AHI reversibility’s predictive role might be
obtained through a future prospective randomized con-
trolled study.

CONCLUSION

Time from symptom onset (>5.5 years) and CSA (>38°)
were significant independent factors of AHI reversibility.
These factors should be considered for the decision-making
process in patients with MRCTs.
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