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Background: Superior capsular reconstruction (SCR) is an alternative surgical option for young active patients with irreparable
rotator cuff tears without arthritis. Although cadaveric studies have shown superior stability of the humerus, it remains unclear
whether the humerus migrates superiorly after SCR in vivo.

Purpose: To analyze the change in glenohumeral translation in patients before and after SCR.
Study Design: Case series; Level of evidence, 4.

Methods: A total of 22 patients who underwent SCR by a single surgeon for irreparable rotator cuff tears were included. Among
them, 14 patients had intact grafts, and 8 patients were diagnosed with retears on 1-year postoperative magnetic resonance
imaging (MRI) scans. Fluoroscopy was performed in all patients preoperatively and at 3-month, 6-month, and 1-year follow-up.
Moreover, 3-dimensional bone models from computed tomography, MRI, and fluoroscopic scans during scapular plane abduction
of the shoulder joints were analyzed.

Results: In the intact graft group, 3-dimensional dynamic shoulder kinematics at 6 months (P = .026) and 1 year (P = .032)
postoperatively showed statistically significant decreases in humeral head superior translation compared with preoperatively. The
>6-mm acromiohumeral distance (AHD) subgroup had a larger decrease in humeral head superior translation from preoperatively
than did the <6-mm AHD subgroup (6 months: P = .026; 1 year: P = .032). The retear group had significantly greater humeral head
superior translation at 1 year postoperatively than did the >6-mm and <6-mm AHD subgroups (post hoc test: P < .001; >6-mm
AHD vs retear group: P = .001; <6-mm AHD vs retear group: P = .012).

Conclusion: SCR with intact grafts resulted in decreased humeral head superior translation after 6 months. Patients with retears
showed no improvement in humeral head superior translation. Patients with a preoperative AHD <6 mm had less improvement in
humeral head superior translation than did those with a preoperative AHD >6 mm. Early surgical treatment before an excessive
decrease in preoperative AHD could be helpful for postoperative humeral head translation recovery.

Keywords: irreparable rotator cuff tear; superior capsular reconstruction; acromiohumeral distance; 3-dimensional dynamic
shoulder kinematics

Massive irreparable rotator cuff tears are difficult to treat
because of the high rate of complications and poor clinical
outcomes.® The shoulder capsule is an important static sta-
bilizer of the glenohumeral joint, and superior capsular
defects increase glenohumeral translation in all directions,
particularly with superior translation at 5° and 30° of
abduction.'* Massive irreparable rotator cuff tears disrupt
the superior capsule, given its large, shared footprint with
the supraspinatus and infraspinatus tendons of the greater
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tuberosity of the humerus.?? Attempts to resolve superior
translation to physiologic conditions through reconstruc-
tion of the superior capsule have been demonstrated in a
biomechanical cadaveric model.?* After Mihata et al??
reported the clinical outcomes of 23 patients who under-
went superior capsular reconstruction (SCR) using a fascia
lata autograft, some authors reported favorable clinical
outcomes of SCR.16:12:16:17:21 1y Jhiomechanical studies,
Mihata et al?>2% also showed that SCR decreased superior
migration of the humerus. Although cadaveric studies have
demonstrated superior stability of the humerus, it remains
unclear whether the humerus migrates superiorly after
SCR in vivo.
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The purpose of this study was to analyze which dynamic
changes occurred in shoulders after SCR according to the
state of the grafted capsule and difference in preoperative
acromiohumeral distance (AHD). We hypothesized that the
course of adaptation of the grafted capsule would depend on
the postoperative state (intact vs torn) and that the preop-
erative state would also have an effect. Therefore, in the
present study, we analyzed the change in glenohumeral
translation in patients before and after SCR using 3-
dimensional (3D)/2-dimensional (2D) model image registra-
tion techniques.

METHODS
Patients

This study was a retrospective case series of 45 patients
who underwent SCR, and it included prospectively col-
lected data. This study was approved by an institutional
review board, and all patients agreed to participate and
signed the institutional review board—approved consent
form before the study. Between March 2015 and July
2017, eligible patients underwent SCR performed by a sin-
gle surgeon (S.-J.L.). The inclusion criteria were as follows:
(1) a large to massive full-thickness rotator cuff tear
detected on preoperative magnetic resonance imaging
(MRI) scans and confirmed arthroscopically, (2) failure of
nonoperative treatment (medication and strengthening of
the rotator cuff, deltoid, and scapular stabilizer), (3) age
<70 years, (4) a rotator cuff tear considered to be irrepara-
ble despite interval slides, (5) SCR performed to enable the
patient to participate in an occupation and/or hobby, and (6)
preoperative and postoperative fluoroscopy. The exclusion
criteria included (1) a history of fractures or surgery on the
affected shoulder and (2) severe arthritic changes in the
glenohumeral joint on radiographs (Hamada stage 4b or
5). Ultimately, 22 patients were included. All patients
underwent fluoroscopy preoperatively and at 3 months,
6 months, and 1 year postoperatively. All patients also
underwent MRI at 1 year postoperatively, and a retear
was confirmed in 8 patients. Patients with an intact
graft (14 patients) were divided into 2 subgroups based
on the AHD measured preoperatively: <6-mm AHD sub-
group (n = 8) and >6-mm AHD subgroup (n = 6). An AHD
of <6 mm suggested a long-standing total full-thickness
infraspinatus tendon tear according to Goutallier et al'®
(Figure 1).
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Figure 1. Flowchart of the study. AHD, acromiohumeral dis-
tance; CT, computed tomography; f/u, follow-up; MRI, mag-
netic resonance imaging.

Surgical Technique

All patients received an interscalene nerve block before
anesthesia and subsequently underwent general anesthe-
sia. A bilateral examination of the shoulders under anes-
thesia was performed. Surgery was performed with the
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patients in the beach-chair position. Generally, 6 portal
sites (posterior viewing portal, anterior working portal, lat-
eral working portal, posterolateral viewing portal, Neviaser
portal, and anterosuperior portal for anteromedial anchor
insertion) were used, and the accessory portal was added as
needed. For lesions identified within the glenohumeral
joint, immediate treatment was performed intra-
articularly. In the presence of subscapularis tendon tears,
a single-row technique was employed to repair the lesser
tuberosity footprint using a 5.5-mm Bio-Corkscrew suture
anchor (Arthrex) in the intra-articular space, and in the
presence of biceps lesions, mini-open subpectoral tenodesis
was performed after SCR. Subsequently, we accessed the
subacromial space and confirmed the presence of the rota-
tor cuff tear and its reparability as well as the features of
the rotator cuff tear. For subacromial spurs, subacromial
decompression was performed on the lesions that were
identified by size and location preoperatively. Subacromial
bursectomy was also performed, and the anteroposterior
(AP) and mediolateral (ML) dimensions of the rotator cuff
tear were measured. The AP size of the superior capsular
defect and the distance (ML) from the glenoid superior pole
to the humeral greater tuberosity footprint were measured
at 30° of abduction of the shoulder.

Regarding the autograft, the fascia lata tendon was har-
vested from the ipsilateral thigh to create a graft correspond-
ing to the tear size: that is, AP diameter x (ML diameter +
1.5 em). A length corresponding to 2 to 3 times the required
size (ML diameter + 1.5 cm) was measured; subsequently,
the fascia lata was harvested. Autograft thickness was mea-
sured after folding the graft 2 to 3 times. The difference in
thickness of the graft occurred between different harvest
sites, that is, the midthigh and proximal thigh. We attempted
to use autografts in all patients; however, in patients with a
history of surgery at the thigh level or patients who did not
want an autograft, allografts were used. With the allograft
(MegaDerm; L&C BIO), similar to that with the autograft, a
length corresponding to 2 to 3 times the tear size (ML diam-
eter + 1.5 cm) was obtained. Allograft thickness was also
measured after folding the graft 2 to 3 times.

Capsular reconstruction was performed at 30° of abduction
of the shoulder. There were 2 anchors used for the glenoid
superior pole (anterior: 3.0-mm GRYPHON suture anchor
[Mitek]; posterior: 2.4-mm SutureTak suture anchor
[Arthrex]) and for the humeral greater tuberosity footprint
(two 5.0-mm Corkscrew suture anchors; Arthrex). The
sutures were taken from the glenoid anchor, pretied to the
prepared graft, and subsequently inserted in the joint. After
the graft was deployed well in the joint, medial fixation was
performed using a matrix suture technique on the glenoid. On
the humeral side, lateral fixation was performed via a single-
row technique using 6 knot ties. When posterior remnant
tissue, such as the infraspinatus tendon, was present, a
capsule-to-tendon suture was used. In the absence of poste-
rior remnant tissue, surgery was completed without suturing.

AHD Measurement

The AHD was measured using picture archiving and com-
munication system software (Infinitt) on a high-resolution
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LCD monitor using conventional true AP shoulder radio-
graphs taken with the patients standing and the arm held
in neutral rotation. The AHD was defined as the shortest
distance between the dense cortical bone at the inferior
aspect of the acromion and the subchondral cortex at the
superior aspect of the humeral head.?® This assessment of
the AHD is known to be a reliable and reproducible method
of measurement.*!

MRI Protocol

Patients were instructed to do gentle stretching exercises
with their shoulders for 15 minutes, after which time MRI
scans were obtained using a 3-T MRI unit (Achieva 3.0T
TX; Philips) and an 8-element phased-array shoulder coil.
All scans were obtained with the patient in the supine posi-
tion with the arm by the side and the hand on the lateral
aspect of the thigh. Conventional 2D MRI was performed
first and was followed by 3D isotropic T1-weighted fast spin
echo (FSE) imaging. Conventional 2D MRI consisted of
axial, oblique coronal, and oblique sagittal fat-suppressed
T1-weighted FSE sequences and oblique coronal and
oblique sagittal T2-weighted FSE sequences. We performed
the 3D isotropic fat-suppressed T1-weighted FSE (VISTA,;
Philips) sequence with 0.5-mm thickness in the oblique
coronal plane, and the source data were reformatted into
axial and oblique sagittal planes with 1-mm thickness.
Immediately after MRI, postprocessing was performed at
an imaging workstation by a technologist who was not
involved in the study; the time required for image reforma-
tion was approximately 1 minute. An evaluation of the MRI
scans was performed by a consultant musculoskeletal
radiologist with 16 years of experience in the diagnostic
investigation of MRI of the shoulder.

Image Acquisition and 3D Modeling

We asked patients to position their shoulders toward a
monoplane radiographic system. All images were obtained
at 30 Hz while patients performed 3 trials preoperatively.
Patients performed arm elevation in the scapular plane,
starting from the arm at the side, to maximum elevation
while keeping their elbow fully extended and the arm
externally rotated (thumbs-up position) at a rate of
approximately 2 seconds per cycle. One cycle was defined
as full arm elevation, followed by a return to the initial
position. For postoperative measurements, patients were
asked to elevate their arm as much as possible. When per-
forming fluoroscopy before and after surgery, we first
obtained fluoroscopic images in the XY plane (coronal
plane or AP view of the shoulder radiograph) and then in
the ZX plane (axial plane or axial view of the shoulder
radiograph). To allow natural arm motion, we did not con-
strain the patients or strictly control the speed of motion.
The patients practiced the activity until they felt comfort-
able, and then 3 cycles of shoulder elevation were
recorded. To obtain more precise data and provide a suit-
able environment for patients, approximately 30- to 40-
second breaks were given between cycles. Among the 3
timed trials, we selected the second cycle.
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Figure 2. Three-dimensional models of the humeral head and scapula. (A) Humeral axis. The y-axis was parallel to the humeral
shaft at the humeral origin, the z-axis was defined as a line through the intertubercular groove from the origin, and the x-axis was
the line perpendicular to the YZ plane at the humeral origin. (B) Scapular axis. The z-axis was a line that met the glenoid plane and
the perpendicular plane of the line connecting the most superior and inferior bony edges of the glenoid at the glenoid origin, the
y-axis was the line at which the glenoid plane met the plane perpendicular to the z-axis at the glenoid origin, and the x-axis was the
line perpendicular to the ZY plane at the glenoid origin. S, superior; SA, superior-anterior.

Preoperative computed tomography (CT) scans of the
shoulder were acquired with a 1-mm slice pitch (image
matrix: 512 x 512; pixel size: 0.62 x 0.62 mm). The CT
images were segmented, and 3D surface models of the prox-
imal humerus and scapula were created.?® Anatomic coor-
dinate systems were embedded in each model according to
reported conventions.'®2® The humeral origin was placed
at the centroid of the humeral head. The y-axis was parallel
to the humeral shaft, and the z-axis was defined as a line
through the intertubercular groove from the origin. The
scapular origin was defined as the midpoint of the line con-
necting the most superior and inferior bony edges of the
glenoid, and the y- and z-axes were pointed superiorly and
anteriorly, respectively?® (Figure 2).

The clavicular origin was defined as the midpoint of the
line connecting the most anterior and posterior bony edges
of the distal clavicle in the acromioclavicular joint
(Figure 3).

Image Registration and Data Processing

The 3D position and orientation of the humerus and scap-
ula were determined via model image registration tech-
niques using the open-source software JointTrack (http:/
www.sourceforge.net/projects/jointtrack) (Figure 4).21°
The bone model was projected onto the distortion-
corrected fluoroscopic image, and its 3D pose was itera-
tively adjusted to match its silhouette with the silhouette
of the fluoroscopic image.?® Model image registration mea-
surements were performed by a senior operator (S.-J.L.),
who used a series of fluoroscopic images from the second
cycle of the activity. The kinematics of the humerus relative
to the radiographic coordinate system and the scapula were

determined using Cardan angles (Z-X-Y order).>!® Eleva-
tion of the humerus was defined as rotation about the z-
axis, and internal/external rotation of the humerus was
defined as rotation about its y-axis. Superior/inferior trans-
lation was defined as the motion of the humeral origin rel-
ative to the scapular origin along the y-axis of the scapula.
Kinematic data were individually plotted as a function of
the humeral elevation angle, and polynomial regression
lines were used to calculate interpolating values at each
15° increment of humeral elevation. R? values of the poly-
nomial regression lines ranged from 0.90 to 0.99 for rota-
tional data and 0.47 to 0.96 for translational data.

Clinical Assessment

For all patients, preoperative range of motion (ROM)
values and pain visual analog scale (VAS) scores were
obtained by the surgeon. There were 3 movements to meas-
ure active ROM: forward flexion in the scapular plane,
external rotation with the arm at the side, and internal
rotation at the back. Internal rotation was estimated by
determining how far the patient could reach with the
thumb along the spine. For statistical analysis, the spinal
segment was converted into numbers: segments from T1 to
T12 were designated as 1 to 12; segments from L1 to L5, as
13 to 17; and the sacrum, as 18.

Statistical Analysis

All statistical analyses were performed using SPSS Version
22.0 (IBM Corp). The Student ¢ test was used to analyze
continuous variables, and the Mann-Whitney U test was
used to analyze data with nonnormal distributions.
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Figure 3. Three-dimensional model of the clavicle. The x-axis was a line formed by the plane of the lateral curve to the joint of the
lateral distal clavicle and a plane that passed through the clavicular origin of the plane perpendicular to the line connecting the most
anterior and posterior bony edges of the distal clavicle, the z-axis was the line formed by the plane of the lateral curve to the joint of
the lateral distal clavicle and the plane perpendicular to the x-axis and passing through the clavicular origin, and the y-axis was the

line perpendicular to the XZ plane at the clavicular origin.

Figure 4. Three-dimensional position and orientation of the
humerus and clavicle. Three-dimensional/2-dimensional model
image registration techniques were used to determine the
3-dimensional position and orientation of the shoulder bones.

Categorical variables were analyzed by using the chi-
square test or Fisher exact test. Preoperative shoulder
motion measurements were analyzed using repeated-
measures analysis of variance (ANOVA). One-way ANOVA
was used to perform comparisons of subgroups. If 1-way
ANOVA indicated a significant difference, the Bonferroni
method and post hoc test were used. Correlation analysis
was performed to investigate correlations between 2 vari-
ables. All tests were analyzed using a 95% confidence level.
The level of significance was set at .05.

RESULTS
Descriptive Data

A total of 22 patients were included in the final analysis (16
men and 6 women). The overall mean age was 60.12 £+ 4.29
years, the mean body mass index was 24.59 + 2.42, and the
mean duration of preoperative symptoms was 24.01 + 16.12
months. The pain VAS score at the first hospital visit was
5.69 + 1.22, and the ROM values were 102.25° + 36.98° for
forward flexion, 42.24° + 15.21° for external rotation, and
12.97° £ 4.13° for internal rotation at the back. Overall, 10
patients had only a supraspinatus tendon tear, 2 patients
had supraspinatus and infraspinatus tendon tears, 4
patients had supraspinatus and subscapularis tendon
tears, and 6 patients had tears of all 3 tendons. The mean
ML size of the superior capsular defect was 44.89 +
6.29 mm. Additionally, 17 patients received an autograft,
and 5 received an allograft. The descriptive data stratified
by patients with an intact graft and those with a retear are
shown in Table 1.

3D Dynamic Shoulder Kinematics

Mean preoperative AHD values were 5.47 = 1.60 and 3.36 +
2.10 mm in patients with an intact graft and those with a
retear, respectively (P = .015). At 1 year postoperatively,
the mean AHD was significantly higher in patients with an
intact graft (6.17 £ 2.06 mm) than in those with a retear
(3.25 £ 1.37 mm) (P = .002). No difference in preoperative
and postoperative AHD values was detected between
patients with an intact graft and those with a retear (P =
.227 and P = .874, respectively). Preoperative superior
translation of the humeral head was significantly different
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Intact: >6-mm AHD

Intact: <6-mm AHD

(n=6) (n=28) Retear (n =8) P Value®

Sex, n .240

Male 4 5 7

Female 2 3 1
Age,y 59.13 + 4.57 59.79 £ 4.01 60.51 +4.24 .965
Body mass index 24.56 + 2.18 24.46 + 2.23 24.78 + 2.57 .984
Duration of preoperative symptoms, mo 23.42 £ 15.89 25.33 £16.01 23.78 £ 15.71 .890
VAS pain score 5.77+1.23 5.38 +1.09 5.78 +1.33 .926
ROM

Forward flexion, deg 105.02 £ 38.89 102.45 £ 33.53 101.75 £ 37.12 .886

External rotation, deg 41.43 +£15.01 42.88 + 15.89 41.67 £ 15.19 912

Internal rotation at back, deg® 12.98 +£4.03 13.29 £ 4.14 12.44 £ 4.09 .898
Tear pattern, n 791

Supraspinatus tendon 4 3 3

Supraspinatus and infraspinatus tendons 0 1 1

Supraspinatus and subscapularis tendons 1 2 1

Supraspinatus, infraspinatus, and subscapularis tendons 1 2 3
Mediolateral size of superior capsular defect, mm 44.12+6.24 44.55 £ 6.09 45.87 £ 6.12 .843
Graft type, n .848

Autograft 6 6

Allograft 2 2

“Values are presented as mean *+ SD unless otherwise indicated. AHD, acromiohumeral distance; ROM, range of motion; VAS, visual

analog scale.

bP values are shown for differences between intact and retear groups.

‘Internal rotation was estimated by determining how far the patient could reach with his or her thumb along one’s spine. For statistical
analysis, the spinal segment was converted into numbers: segments from T1 to T12 were designated as 1 to 12, segments from L1 to L5 as 13 to

17, and the sacrum as 18.

Dynamic Humeral Head Kinematics

1 * *

Translation, mm

preop. postop. 3mo postop. 6mo

postop. 1yr

-4

B head superior translation (intact) & head superior translation (retear)

Figure 5. Dynamic humeral head kinematics over time. *P <
.05 between groups. *P < .05 from preoperatively in the intact
graft subgroups. postop, postoperatively; preop, preoperative.

between patients with an intact graft (2.62 + 2.72 mm) and
those with a retear (6.45 £ 4.41 mm) (defined as a positive
value in the superior direction and a negative value in the
inferior direction; P = .038). Superior translation of the
humeral head in patients with an intact graft and those with
a retear were 1.99 + 4.20 and 8.02 + 1.01 mm at 3 months
postoperatively (P = .001), 0.24 + 3.68 and 7.16 £ 3.98 mm at
6 months postoperatively (P = .020), and 0.59 + 3.57 and 7.46
+3.57 mm at 1 year postoperatively (P < .001), respectively.

Among patients with an intact graft, there was no signif-
icant difference in preoperative and 3-month postopera-
tive superior and inferior translation of the humeral
head (P = .637). However, superior and inferior transla-
tion of the humeral head at 6 months and 1 year postop-
eratively were statistically significantly different from
that preoperatively (P = .026 and P = .032,
respectively). By contrast, among patients with a retear,
there was no significant difference in preoperative and
postoperative superior and inferior translation of the
humeral head at all time points (P = .357, P = .747, and
P = 495, respectively) (Figure 5).

Essentially, 2 subgroups of patients with an intact graft
were classified based on the preoperative AHD (6 mm), and
3D dynamic shoulder kinematics were compared between
these subgroups and patients with a retear (Table 2).

Superior and inferior translation of the humeral
head were significantly different between the >6-mm and
<6-mm AHD subgroups at 6 months (-2.19 + 2.29 and
2.06 + 3.55 mm, respectively; P = .026) and 1 year
(-1.69 + 3.38 and 2.30 + 2.78 mm, respectively; P = .032)
postoperatively. Scapular abduction was significantly dif-
ferent between the >6-mm and <6-mm AHD subgroups at
1 year postoperatively (30.37° £ 9.15° and 14.47° = 5.97°,
respectively; P = .002). In addition, a comparison of the 3
groups including patients with a retear showed that supe-
rior and inferior translation of the humeral head were sig-
nificantly different at all time points (Figure 6).
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TABLE 2
Superior Translation of Humeral Head (in mm)®

Intact: >6-mm AHD (n = 6) Intact: <6-mm AHD (n = 8) P Value® Retear (n = 8) P Value®

P Value?

Preoperative 1.43+2.50 3.51 £2.68
3 mo 1.53£5.01 2.32+£3.81
6 mo -2.19+£2.29 2.06 £ 3.55
ly -1.69 + 3.38 2.30 £2.78

.166 6.45 +4.41 .038 .039 (>6-mm AHD vs retear)
743 8.02+1.01 .001 .010 (>6-mm AHD vs retear)

.019 (<6-mm AHD vs retear)
.026 7.16 £ 3.98 .020 .007 (>6-mm AHD vs retear)

.032 7.46 + 3.57 <.001 .001 (>6-mm AHD vs retear)

.012 (<6-mm AHD vs retear)

“Values are presented as mean + SD. AHD, acromiohumeral distance.

bComparison of 2 intact groups.
“Comparison of all 3 groups.
9Post hoc test using Bonferroni method.

Dynamic Humeral Head Kinematics

Translation, mm

1
|
l preop ppstop. 3mo

B head superior translation (intact, AHD2 6mm)
= head superior translation (intact, AHD< 6mm)
head superior translation (retear)

Figure 6. Dynamic humeral head kinematics over time. The
comparison between the 3 groups of superior and inferior
translation of the humeral head showed significant differ-
ences at all times. AHD, acromiohumeral distance; postop,
postoperatively; preop, preoperative.

Correlation analysis for each variable among patients
with an intact graft showed a significant correlation
between preoperative AHD and 1-year postoperative supe-
rior and inferior translation of the humeral head (correla-
tion coefficient = —0.734; P = .003).

DISCUSSION

In this single-surgeon case series, we investigated 12-
month dynamic humeral kinematics of intact grafted cap-
sules after SCR. Per our hypothesis, intact grafted capsules
resulted in less superior translation of the humeral head
than did grafted capsules with retears over time after sur-
gery. Additionally, we observed larger decreases in supe-
rior translation of the humeral head when the preoperative
AHD was >6 mm.

SCR restores superior translation of the humerus and
tension of the remnant rotator cuff (subscapularis and
infraspinatus tendons).2* Because patients with

irreparable rotator cuff tears often have deteriorating sta-
bilization of the humeral head resulting from supraspina-
tus and infraspinatus muscle dysfunction, the humeral
head could migrate superiorly and become fixed to the sur-
rounding soft tissue (ie, muscles including the deltoid, tri-
ceps, and latissimus dorsi; joint capsules; and ligaments).
In the present study, there was no statistical difference
between preoperative and postoperative AHD in patients
with an intact graft and patients with retear. Although
SCR is known to biomechanically reduce superior transla-
tion of the humeral head,*?* altered glenohumeral kine-
matics cannot be restored immediately; thus, a longer
follow-up may be necessary. We aimed to investigate the
changes in kinematics over time after SCR in patients with
irreparable rotator cuff tears, and to the best of our knowl-
edge, this is the first study to analyze in vivo kinematics
after SCR.

The thin membrane structure under the rotator cuff has
been considered the superior capsule of the glenohumeral
joint. In the cadaveric study by Mihata et al,2® SCR without
side-to-side suturing did not decrease glenohumeral supe-
rior translation, although subacromial peak contact pres-
sure decreased. However, adding side-to-side suturing
completely restored superior stability to the intact level.
This restoration of stability results in a stable fulcrum and
may allow the deltoid and remaining rotator cuff to func-
tion more effectively. However, in the cadaveric study of Hu
et al,’® the values of superior translation in the superior
capsular defect model were not larger than those of the
supraspinatus defect model. Therefore, they concluded that
the supraspinatus rather than the superior capsule plays a
primary role in preventing superior translation of the
humeral head. All of these experimental studies used
cadaveric specimens; there are no similar studies on living
patients.

AHD has been used by researchers as a simple measur-
able value to infer the rotator cuff function. Chung et al®
reported that a reduced postoperative AHD is predictive of
a poor functional outcome after massive rotator cuff repair.
According to Nové-Josserand et al,?” a reduced AHD indi-
cates a full-thickness infraspinatus tendon tear with or
without other associated rotator cuff tendon lesions. We
divided and analyzed patients based on an AHD <6 or
>6 mm.'® A preoperative AHD was correlated with
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postoperative superior and inferior translation of the
humeral head. While our study showed a benefit to per-
forming SCR in patients with an AHD >6 mm, we are
unable to answer the question of whether it is worthwhile
to perform SCR in patients with an AHD <6 mm. In our
study, even if the grafted capsule was intact, there was no
significant difference in superior migration of the humeral
head at 3 months postoperatively; however, the >6-mm
AHD subgroup had significantly decreased superior migra-
tion of the humeral head at 6 and 12 months after surgery
compared with the <6-mm AHD subgroup. We thought
that this result was obtained because the strength of the
infraspinatus and subscapularis tendons were improved in
the >6-mm AHD subgroup. In the case of the infraspinatus
tendon, the integrity of posterior remnant tissue has been
reported to have a significant relationship with retears in a
previous study investigating factors related to a retear
after SCR.!” These results can only be obtained in an in
vivo follow-up study and not in a cadaveric study, and we
consider this to be an advantage of our study.

Many studies have quantified shoulder and glenohumeral
joint kinematics. Most earlier studies used conventional
single-plane radiographs®”® that do not show the 3D motion
of the shoulder and do not provide dynamic kinematics. The
possibility of errors may also be increased by the imaging
method, beam projection angle, patient or cassette position,
and other factors. Therefore, we measured shoulder kine-
matics of patients before and after surgery using
CT-derived 3D bone models that were matched with the sil-
houette of the bones on fluoroscopic images using 3D/2D model
image registration techniques devised by Matsuki et al.2°

This study has some limitations; therefore, the findings
should be interpreted with caution. First, the small number
of patients limited our analysis, and there may have been
some nonsignificant findings that were a result of type II
errors. Nevertheless, we were able to obtain statistically
significant results and draw conclusions. Second, the
patients’ postoperative pain may have caused shoulder
motion limitations. Therefore, there is a possibility that a
difference could be observed if patients’ motion was not
limited secondary to pain, especially at 3 months postoper-
atively. To solve this problem, all patients underwent the
same operative technique (surgical procedure and similar
graft thickness) performed by 1 surgeon, and we tried to
minimize the difference by prescribing the same protocol
and rehabilitation therapy. Third, our findings resulted
from combining data for SCR and heterogeneous graft
materials (dermal graft and autogenous fascia lata graft).
The different mechanical properties between the 2 grafts
could have caused bias in the biomechanical evaluation.

CONCLUSION

SCR with intact grafts resulted in decreased humeral head
superior translation after 6 months. Patients with retears
showed no improvement in humeral head superior transla-
tion. Patients with a preoperative AHD <6 mm had less
improvement in humeral head superior translation than
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did those with a preoperative AHD >6 mm. Early surgical
treatment before an excessive decrease in preoperative
AHD could be helpful for postoperative humeral head
translation recovery.
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