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Background: Most studies have shown acceptable clinical results in patients with large or massive tears treated by arthroscopic
rotator cuff repair (ARCR); however, the effects of retears after surgery in these patients remain unknown.

Purpose: To evaluate functional and structural outcomes after retears of large and massive rotator cuff tears treated by ARCR.
Study Design: Case series; Level of evidence, 4.

Methods: A total of 196 consecutive patients with large to massive rotator cuff tears underwent physical examination and
magnetic resonance imaging before and after ARCR at 6, 12, and 24 months. Of these, 9 patients were lost at 6 months after
surgery. Therefore, 187 patients were followed up for 24 months after surgery; 148 patients showed no postsurgical ruptures.
Consequently, the remaining 39 patients with postsurgical ruptures were included in this study (mean age at surgery, 64.2 + 8.7
years). Functional outcome measures comprised the University of California, Los Angeles (UCLA) and Japanese Orthopaedic
Association (JOA) scores. Structural outcome measures consisted of the global fatty degeneration index (GFDI), mediolateral tear
size, and residual tendon attachment area as evaluated by our own scoring system.

Results: The mean UCLA and JOA scores significantly improved from 16.3 + 3.9 and 63.2 + 10.7 preoperatively to 27.9 £ 5.5 (P <
.0001) and 84.5+ 9.4 (P < .0001) at final follow-up, respectively. The mean mediolateral tear size (P = .03, .02, and .02, respectively)
and residual tendon attachment area (P = .04, .03, and .04, respectively) significantly improved from preoperatively to 6, 12, and 24
months postoperatively. The correlation analysis between the functional and structural variables confirmed significant associations
between the residual tendon attachment area, the JOA and UCLA scores at 24 months postoperatively, and the preoperative GFDI
(r=-0.81to0 0.78).

Conclusion: The residual tendon attachment area after a retear was significantly larger at 24 months after surgery than before
surgery. In addition, significant associations were confirmed between preoperative fatty degeneration, the residual tendon
attachment area, and functional outcomes after a retear. These results may explain why functional outcomes significantly
improved even after retears in this series.

Keywords: arthroscopic rotator cuff repair; retear; functional outcome; large/massive rotator cuff tears; structural outcome;
residual tendon attachment area

Arthroscopic rotator cuff repair (ARCR) has advanced
technically, although large to massive rotator cuff tears
remain challenging for this surgical procedure. According to
Chung et al,® the clinical outcomes of ARCR are generally
favorable; nevertheless, a substantial postoperative retear
remains an immense concern. Carbonel et al* reported that
larger tears experience an elevated rate of postsurgical
relapse, ranging from 10% to 41% in 6 months. At 1- and 2-
year follow-up, Galatz et al” studied the arthroscopic repair of
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larger rotator cuff ruptures; the retear rates after repair ran-
ged from 13% to 94%. Yeo et al?? indicated that the relapse
rate was 7% in tears measuring <2 cm?, but it reached 44%
for those >8 cm?. Therefore, a postsurgical rupture occurs to a
greater extent for massive rotator cuff tears.

ARCR produces good clinical outcomes in patients with
large to massive rotator cuff tears, although the outcomes
in those with a retear after surgery remain controversial.
According to Yoo et al,?® no significant differences were
observed in the postoperative clinical outcomes of patients
with or without retears. Chung et al® also reported that the
anatomic failure rate was 39.8% after the arthroscopic
repair of massive rotator cuff tears; however, the functional
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status improved, regardless of the presence of postopera-
tive ruptures. In contrast, Mihata et al'® indicated that
postoperative clinical outcomes in patients with retears
were significantly worse than those without. Bishop et al'
demonstrated that functional outcomes, unlike pain, were
significantly worse in patients with rotator cuff retears.
Therefore, most studies have exclusively analyzed func-
tional but not structural outcomes. The association
between postoperative retears and functional outcomes
remains unclarified.

In the present study, we focused on both functional and
structural outcomes in patients with large to massive rota-
tor cuff tears treated by arthroscopic surgery. We hypothe-
sized that postoperative functional outcomes will be
associated with the defect size after a retear

METHODS

This study was approved by an institutional review board,
and written informed consent was obtained from all
participants.

Participants

Between April 2005 and March 2015, a total of 196 consec-
utive patients with large to massive rotator cuff tears
underwent ARCR. Of these, 9 patients were lost to follow-
up, and 148 patients showed no postsurgical ruptures. The
remaining 39 patients experienced a postsurgical rupture
and were included in this study. The presence of hyperten-
sion, diabetes mellitus, traumatic onset, stiffness, and
workers’ compensation was collected from standardized
patient data records to assess preoperative comorbidities
in all patients. Patient characteristics are provided in Table
1.

Surgical Procedure

ARCR was considered if patients did not respond to nonop-
erative treatment (anti-inflammatory medication, physical
therapy, subacromial or glenohumeral injections of
hyaluronic acid or corticosteroids, and activity modifica-
tion) for >3 months.

ARCR was performed in the beach-chair position under
general anesthesia. Initially, the inspection of the gleno-
humeral joint was performed through a posterior portal,
followed by the subacromial bursa. After creating a lateral
portal, the detached tendon edge was identified; mobility
was evaluated by grasping the edge of the rotator cuff and
reducing it to the footprint. By utilizing anterior,
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TABLE 1

Characteristic Variables (n = 39)*
Variable Value
Age, mean + SD, y 64.2 + 8.7
Sex, male/female, n 24/15
Diabetes 3(8)
Dominant side affected 25 (64)
Traumatic onset 18 (46)
Symptom duration, wk, mean 39
Hypertension 7 (18)
Stiffness 9(23)
Workers’ compensation 2 (5)

“Data are reported as n (%) unless otherwise indicated.

anterolateral, or posterolateral portals, secondary proce-
dures including capsular release and tenotomy/tenodesis
of the long head of the biceps tendon were carried out as
required. Acromioplasty was performed using the suture
bridge technique in all patients. In large to massive tear
cases, the suture bridge technique is sometimes unfeasible
because of severe retraction and poor tissue quality.

Postoperative Rehabilitation Protocol

Patients were immobilized utilizing a sling and an abduc-
tion pillow; they were instructed to maintain their shoulder
at an internal rotation of 30° or 40° and at 20° of abduction
after surgery. Subsequently, elbow, wrist, and finger range
of motion (ROM) exercises were initiated. At postoperative
week 4, passive shoulder ROM exercises were begun, fol-
lowed by active ROM exercises at week 7, isometric muscle
strengthening exercises at week 8, and isotonic muscle
strengthening exercises at week 12.

Structural Assessment

All patients underwent magnetic resonance imaging (MRI)
preoperatively and at 6, 12, and 24 months after surgery to
assess tendon integrity, the mediolateral tear size, and fatty
degeneration (1.5 T [Toshiba] from 2005 to 2013 and 3.0 T
[Siemens] from 2013 to 2015). Through T2-weighted imag-
ing, the detection of a fluid-equivalent signal or nonvisuali-
zation of the rotator cuff tendon resulted in the diagnosis of a
full-thickness tear or postsurgical rupture.'®!” Fatty degen-
eration of the rotator cuff muscles was examined by MRI and
evaluated for each shoulder in the “Y view” of T2-weighted
images according to the modified Goutallier classification.'®
Subsequently, we calculated the global fatty degeneration
index (GFDI) as the mean value of the grades for each
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Zone 1 = Crest of lesser tuberosity
Zone 2 = Lesser tuberosity

Zone 3 = Superior facet

Zone 4 = Middle facet

Zone 5 = Inferior facet

MF; 1 point

Figure 1. Scoring system for the residual tendon attachment area. (A) The rotator cuff footprint was divided into 5 zones, and each
zone was scored according to the extent of the residual tendon attachment: 0 points for no tendon attachment, 0.5 points for
tendon attachment <50% of the zone, and 1.0 point for full tendon attachment or >50% of the zone. (B) Representative scoring of
zone 4, the middle facet (MF), on T2-weighted magnetic resonance imaging (MRI) of retears in 3 left shoulders. Asterisks indicate
no tendon attachment seen at the *superior facet on all 3 MRI scans or the **middle facet on the left MRI scan.

rotator cuff muscle. The mediolateral tear size was defined
as the maximum defect size on sagittal oblique images.®

The residual tendon attachment area was evaluated by
our own scoring system, created by modifying the Léader-
mann et al® and Nakamura et al'2 classifications. The rotator
cuff footprint was divided into 5 components: zone 1, crest of
the lesser tuberosity; zone 2, lesser tuberosity; zone 3, supe-
rior facet; zone 4, middle facet; and zone 5, inferior facet.
Each zone was scored according to the extent of the residual
tendon attachment: 0 points for no tendon attachment, 0.5
points for tendon attachment <50% of the zone, and 1.0 point
for full tendon attachment or >50% of the zone (Figure 1A).
The combined scores of the 5 zones (maximum, 5 points) were
calculated and used as a variable, representing the residual
tendon attachment area before and after surgery. Represen-
tative data are displayed in Figure 1B.

To assess the reproducibility of the grading system, a
random sample of 150 components (zones 1-5) from 30
patients was reviewed twice by 2 observers. Both reviewers
were orthopaedic surgeons with experience in shoulder sur-
gery and imaging for at least 5 years.

Functional Assessment

Physical examinations were performed by an independent
therapist blinded to the study. The University of California,
Los Angeles (UCLA) and Japanese Orthopaedic Association
(JOA) scores were used as functional outcome measures.

ROM in flexion, abduction, external rotation, and internal
rotation were assessed by a goniometer (Plastic Goniome-
ter; OG Wellness); internal rotation was measured at the
highest vertebral level reached by the thumb at the back.
Pain was recorded on a 100-point visual analog scale (VAS;
100 = most severe) during 3 states (at rest, during active
motion, and at night). ROM and UCLA and JOA scores
were evaluated preoperatively and at 6, 12, and 24 months
postoperatively, and VAS scores were evaluated preopera-
tively and at 24 months postoperatively.

Statistical Analysis

Data are reported as means and standard deviations. The
Wilcoxon test was used to compare the UCLA and JOA
scores before and after surgery. The association between
7 variables (preoperative and 24-month postoperative med-
iolateral tear size and preoperative and 24-month residual
tendon attachment area, 24-month postoperative JOA and
UCLA scores, and preoperative GFDI) was evaluated using
the Spearman rank correlation coefficient (7 x 7 compari-
son). Intraobserver and interobserver agreement for med-
iolateral tear size were evaluated using the intraclass
correlation coefficient, where 0.81 to 1.00 was considered
very good agreement, 0.61 to 0.80 good, 0.41 to 0.60 moder-
ate, 0.21 to 0.40 fair, and 0.00 to 0.20 poor. JMP 13 software
(SAS Institute) was used for statistical analysis. A P value
<.05 was considered statistically significant.
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TABLE 2 TABLE 3
Preoperative Goutallier Classification® Residual Tendon Attachment Area Scores®

Goutallier Stage Value Preoperative 6 mo 12 mo 24 mo
Supraspinatus Zone 1 1.00 1.00 1.00 1.00

Stage 0 0 Zone 2 0.93+0.17 098+0.08 0.99£0.03 0.84+0.23

Stage 1 8 Zone 3  0.00 0.28+0.25° 0.30+0.19° 0.28 +0.25°

Stage 2 19 Zone4  0.14+0.23 040%0.31° 040+0.34° 0.35+0.33

Stage 3 12 Zone 5 1.00 1.00 1.00 1.00

Stage 4 0 Overall 2.97+0.23 3.66+054° 3.69+0.61° 3.47+0.75°
Infraspinatus

Stage 0 4 “Data are reported as mean + SD.

Stage 1 20 bSignificantly different from preoperative score (P < .05).

Stage 2 15

§§Z§§ i 8 Residual tendon attachment area
Subscapularis 5

Stage 0 13 ~ E— y

Stage 1 14 4 — x ‘

Stage 2 11

Stage 3 1 /I—_H

Stage 4 0 = 3 I
Teres minor =

Stage 0 21 & 2

Stage 1 18

Stage 2 0 1

Stage 3 0

Stage 4 0

1.64 + 0.88 0

GFDI, mean + SD

“Data are reported as No. of shoulders unless otherwise indi-
cated. GFDI, global fatty degeneration index.
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Figure 2. Changes in the mediolateral tear size from preop-
eratively to postoperatively (PO). Asterisks indicate a signifi-
cant difference between preoperatively and *6 months
postoperatively (P = .03), **12 months postoperatively (P =
.02), and ***24 months postoperatively (P = .02).

RESULTS
Structural Outcomes

The degree of preoperative fatty degeneration was evalu-
ated by the modified Goutallier classification.'® Data are
summarized in Table 2.

Preop PO6M PO12M PO24M
Figure 3. Overall changes in the residual tendon attachment
area from preoperatively to postoperatively (PO). Asterisks
indicate a significant difference between preoperatively and
*6 months postoperatively, **12 months postoperatively, and
**24 months postoperatively (P < .05 for all).

The mean mediolateral tear size significantly decreased
from 32 = 7.46 mm preoperatively to 13 = 5.03 mm at
6 months, 16 = 7.10 mm at 12 months, and 18 + 7.40 mm
at 24 months postoperatively (P = .03, .02, and .02, respec-
tively) (Figure 2).

For the residual tendon attachment area, the intraobser-
ver and interobserver agreement values of our scoring sys-
tem were very good (intraclass correlation coefficient = 0.87
and 0.90, respectively). The results indicated that at zones
1 and 5, there was a consistent score of 1 throughout the
evaluations. At zone 2, no significant difference in scores
was observed from preoperatively to final follow-up. At
zones 3 and 4, a significant improvement was seen between
the preoperative score versus the 6-, 12-, and 24-month
postoperative scores (P < .05 for all). The mean total score
also significantly improved from 2.97 £+ 0.23 preoperatively
to 3.66 = 0.54 at 6 months, 3.69 + 0.61 at 12 months, and
3.47 £ 0.75 at final follow-up (P < .05 for all). Details are
provided in Table 3 and Figure 3.

Functional Outcomes

Functional outcomes at all postoperative time points
improved significantly from the preoperative assessment,
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TABLE 4
Functional Outcomes®
Preoperative 6 mo 12 mo 24 mo

Range of motion, deg

Flexion 105.0 + 39.3 111.0 + 35.2 118.0 + 32.7° 125.0 + 28.1°

Abduction 107.4 + 48.6 118.6 + 40.6 124.8 + 36.9° 134.3+31.8°

External rotation 35.6 + 18.3 43.5+14.3 50.1 + 13.3° 54.3 +14.8°

Internal rotation 34.1+11.2 37.0+11.1 42.2 +10.8° 45.5 £ 10.7°
VAS pain score

At rest 41.0 + 31.6 — — 35.0 + 37.3°

During active motion 67.8 +22.9 — — 36.0 + 36.4°

At night 57.8+31.5 — — 33.1+31.9°
UCLA score 16.3+3.9 21.7 + 3.6° 24.6 +4.7° 279 +55°
JOA score 63.2 +10.7 69.5 + 6.9° 75.1 + 8.3° 84.5 + 9.4¢

“Data are reported as mean = SD. JOA, Japanese Orthopaedic Association; UCLA, University of California, Los Angeles; VAS, visual

analog scale.
bSignificantly different from preoperative score (P < .05).
“Significantly different from preoperative score (P < .01).

as indicated in Table 4. Flexion ROM improved from 105.0°
+ 39.3° preoperatively to 125.0° + 28.1° at final follow-up
(P < .05), abduction ROM improved from 107.4° + 48.6°
preoperatively to 134.3° £ 31.8° at final follow-up (P <
.05), external rotation ROM improved from 35.6° + 18.3°
preoperatively to 54.3° + 14.8° at final follow-up (P < .05),
and internal rotation ROM improved from 34.1° + 11.2°
preoperatively to 45.5° £ 10.7° at final follow-up (P < .05).
All VAS pain scores decreased from preoperatively to post-
operatively (at rest: from 41.0 £ 31.6 to 35.0 £ 37.3 [P = .04];
during active motion: from 67.8 + 22.9 to 36.0 + 36.4 [P =
.02]; at night: from 57.8 + 31.5 to0 33.1 + 31.9 [P = .02]). The
UCLA score improved from 16.3 + 3.9 preoperatively to 27.9
+ 5.5 at final follow-up (P < .0001), and the JOA score
improved from 63.2 + 10.7 preoperatively to 84.5 + 9.4 at
final follow-up (P < .0001).

Regarding patients with preoperative pseudopalsy (ie,
active flexion <90°; n = 17), the mean flexion ROM signif-
icantly improved from 68.5° = 19.6° before surgery to 78.5°
+13.4° at 6 months, 88.2° £ 14.1° at 12 months, and 101.7° +
24.6° at final follow-up (P < .05). The mean abduction ROM
significantly improved from 71.4° + 38.5° preoperatively to
88.2° + 34.8° at 6 months, 98.2° + 30.6° at 12 months, and
112.3° £ 29.6° at final follow-up (P < .05). The mean exter-
nal rotation ROM significantly improved from 32.6° £ 15.1°
preoperatively to 40.8° £ 13.7° at 6 months, 50.1° + 12.6° at
12 months, and 54.4° + 14.3° at final follow-up (P < .05).
The mean internal rotation ROM significantly improved
from 31.4° + 11.4° preoperatively to 34.1° + 11.2° at
6 months, 38.2° £ 10.8° at 12 months, and 41.7° + 9.8° at
final follow-up (P < .05).

Correlation Between Functional
and Structural Variables

Significant positive or negative correlations were observed
between the JOA and UCLA scores at 24 months postop-
eratively, the preoperative GFDI, and both preoperative
and 24-month postoperative residual tendon attachment

area (r = —0.84 to 0.78; P < .0001 for all). Details are
provided in Table 5.

DISCUSSION

Most patients treated with ARCR may have acceptable
functional outcomes, regardless of postoperative structural
integrity. Previous studies®"!® have demonstrated that
patients with ruptures after ARCR display significant
improvement compared with the preoperative state; how-
ever, there is a lack of evidence directly evaluating the
association between functional and structural outcomes in
patients with a postoperative retear. Therefore, we focused
on the functional and structural outcomes in patients with
retears after ARCR and successfully demonstrated signifi-
cant relationships between them.

Previous studies'®?! using ultrasonography or MRI have
demonstrated tear propagation in symptomatic and asymp-
tomatic rotator cuff muscles either treated nonoperatively
or operatively observed; however, the association with clin-
ical outcomes was not evaluated. Likewise, few studies
have addressed both the functional and structural out-
comes in patients with retears after ARCR. The present
study demonstrated that UCLA and JOA scores signifi-
cantly improved at final follow-up from preoperatively. The
residual tendon attachment area was detected at 6 months
and was significantly larger than the preoperative area;
however, this tendon area was maintained at 24 months
postoperatively. These structural findings may have con-
tributed to the satisfactory functional outcomes after
retears in the present study.

Of particular importance, a significant negative correla-
tion was established after a retear between preoperative
fatty degeneration and functional outcomes in terms of the
residual tendon attachment area at final follow-up. Fatty
degeneration of the rotator cuff muscles contributes to
retears after surgery® and relatively progresses in large
to massive rotator cuff ruptures.'® In these changes,



6 Tanaka et al

The Orthopaedic Journal of Sports Medicine

TABLE 5
Correlation () Between Variables (7 x 7 Analysis)®

JOA UCLA Preoperative Residual Tendon Preoperative Mediolateral
Score at Score at Residual Tendon Attachment Area Mediolateral Tear Size at Preoperative
24 mo 24 mo Attachment Area at 24 mo Tear Size 24 mo GFDI
JOA score at 24 mo — 0.76° 0.41° 0.67° 0.02 -0.12 -0.61°
UCLA score at 24 mo 0.76° — 0.34° 0.78° 0.08 0.11 -0.75°
Preoperative residual tendon 0.41° 0.34° — — 0.13 -0.13 -0.34%
attachment area
Residual tendon attachment 0.67°  0.78° — — -0.01 -0.20 -0.81°
area at 24 mo
Preoperative mediolateral 0.02 0.08 0.13 -0.01 — — 0.13
tear size
Mediolateral tear size at 24 mo 0.12 0.11 -0.13 -0.20 — — 0.28
Preoperative GFDI -0.61° -0.75° -0.34% -0.81° 0.13 0.28 —

“GFDI, global fatty degeneration index; JOA, Japanese Orthopaedic Association; UCLA, University of California, Los Angeles.

bStatistically significant correlation (P < .05).

Goutallier stage 2 is the cutoff for worsened functional out-
comes after surgery'?; in the present study, the mean GFDI
(1.64) was less than stage 2. These results may have equally
contributed to the satisfactory functional outcomes
observed in the present study.

The importance of a balanced force couple in rotator cuff
repair, which involves the anterior subscapularis and pos-
terior infraspinatus, is well known.®1® Cavity compression
caused by the subscapularis and infraspinatus tendons aids
in the centralization of the humeral head. It resists supe-
rior translation, despite the pull of the deltoid muscle dur-
ing abduction. This force balance can offer compression of
the humeral head into the glenoid cavity, despite the pres-
ence of a significant residual rotator cuff defect, as seen in
the present study. The extent of the residual tendon attach-
ment at the anterior and posterior facets was consistently
maintained relative to preoperatively.

In contrast, isolated supraspinatus tears are compen-
sated for by the other rotator cuff muscles; thus, they do
not contribute to joint instability.’® Mochizuki et al'!
reported that the footprint of the supraspinatus on the
greater tuberosity is much smaller than believed. This area
is occupied by a substantial amount of the infraspinatus.™*
The study results suggest that rotator cuff tears previously
thought to involve only the supraspinatus tendon may, in
fact, have had a substantial infraspinatus component as
well. This might have contributed to the satisfactory func-
tional outcomes after retears in the present study.

Some limitations should be considered while interpreting
the present findings. First, a limited number of patients
were enrolled in this study; therefore, the power analysis
was limited. Second, the present study included a retro-
spective cohort, which may have introduced selection bias
and a confounding effect. Third, the follow-up period was
restricted to 24 months postoperatively; therefore, tear
propagation would have progressed thereafter and may
have affected the reliability of the data. A strong point of
the study was that the patients were sequentially observed
at 6 to 24 months postoperatively. This increased the
chances of detecting functional and structural effects of a

retear in patients with large to massive rotator cuff rup-
tures treated by arthroscopic surgery.

CONCLUSION

This study examined patients with large to massive rotator
cuff ruptures who had retears at 6 months after ARCR and
evaluated functional and structural outcomes within 24
months postoperatively. The residual tendon attachment
area after a retear at 6 months was significantly larger
than preoperatively and was retained at 24 months postop-
eratively. The present study also confirmed significant
associations between preoperative fatty degeneration, the
residual tendon attachment area, and functional outcomes
after a retear. These results may explain why the func-
tional outcomes significantly improved even after a retear
occurred in this series.
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