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Background: Several risk factors for postoperative retear after arthroscopic rotator cuff repair (ARCR) have been cited in a large num-
ber of reports; various combinations of these seem to be present in the clinical setting.

Purpose: Using a combination model for decision tree analysis, we aimed to investigate the combination of risk factors that affect post-
operative retear the most.

Methods: A total of 286 patients who underwent magnetic resonance (MR) imaging at 6 months after surgery were included in this
study. Based on the structural integrity of the MR images taken 6 months after surgery, the patients were divided into a healed
group (intact tendon, 254 patients) and a retear group (ruptured tendon, 32 patients). Using univariate and decision tree analyses, we
selected a combination of 11 risk factors that drastically affected postoperative retear.

Results: The mean age was 64.9 &+ 7.1 years, and the mean symptom duration was 9.7 £+ 11.6 months. The tear was small/medium in
177 patients and large/massive in 109 patients. The technique for surgical repair was single row in 42 patients, double row in 60 patients,
and suture bridging in 216 patients. On univariate analysis, both groups had significant differences in the anteroposterior (AP) tear size
(P <.0001), mediolateral tear size (P < .0001), hyperlipidemia (P =.0178), global fatty degeneration index (P < .0001), supraspinatus
fatty degeneration stage (P < .0001), and critical shoulder angle (CSA) (P =.0015). All of these 5 risk factors, except for mediolateral
tear size, were selected as candidates for the decision tree analysis. Eight combination patterns were determined to have prediction prob-
abilities that ranged from 4.3% to 86.1%. In particular, the combination of an AP tear size of >40 mm, hyperlipidemia, and a CSA of
>37° affected retear after ARCR the most.
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of Fukuoka Shion Hospital (approval no. 7). thopedic Surgery, Kurume University Medical Center, 155-1 Kokubu-
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Conclusions: Decision tree analysis lead to the extraction of different retear factor combinations, which were divided into 5 retear
groups. The worst combination was of AP tear size >40 mm, hyperlipidemia, and CSA >37°, and the prediction probability of this
combination was 86.2%. Therefore, our data may offer a new index for the prediction of retear after ARCR.

Level of evidence: Level III; Retrospective Cohort Comparison; Treatment Study

© 2020 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
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A large number of studies have reported the risk factors
for postoperative retear after arthroscopic rotator cuff repair
(ARCR). Diebold et al'’ showed a close relationship be-
tween age and retear, the rate of which was relatively low in
patients in their 50s to 60s but increased linearly in patients
in their 70s. Le et al”’ demonstrated that anteroposterior
(AP) tear length, tear area, and tear thickness were strongly
related to postoperative retear. In a report by Jeong et al,'’
postoperative retear was shown to be affected by supra-
spinatus muscle atrophy with an occupation ratio of <43%
atrophy or infraspinatus and fatty infiltration stage 2 or
higher by the Goutallier classification.

Recently, Garcia et al'” described the relationship be-
tween the critical shoulder angle (CSA) and postoperative
retear, with an increased odds ratio of 14.8 for a CSA of
>38°. As mentioned above, it is considered that the con-
dition of the preoperative tear obtained from the image
findings has a great effect on postoperative retear.

Other than the structural factors mentioned above, sys-
temic factors have been found to be involved in retear after
surgery. Chung et al® reported that the bone mineral density
is one of the independent factors affecting postoperative
retear. Cho et al® reported that diabetic patients have a
significantly high retear rate and that effective glycemic
control is associated with a better rate of healing after ro-
tator cuff repair. Garcia et al'” reported that hyperlipidemia
has a significantly high retear rate, with an odds ratio of
6.5. These studies report the importance of confirming the
presence and status of preoperative systemic factors.

In actual clinical practice, patients who develop post-
operative retear have various combinations of risk factors
described above. Therefore, predicting the probability of
retear in patients with these factors is of great importance
before surgery. The purpose of this study was to investigate
the combination of risk factors that most affect post-
operative retear, using a combination model for a decision
tree analysis.

Materials and methods
Subjects

Between 2011 and 2017, a total of 321 patients underwent ARCR
at our hospital. Of these, 25 patients were excluded because of

irreparable rotator cuff tendons. Consequently, a total of 286 pa-
tients who underwent magnetic resonance (MR) imaging to assess
the repair integrity at 6 months after surgery were included in this
study. The patients were then divided into a healed group (intact
tendon, 254 patients) and a retear group (retear tendon, 32
patients).

Surgical procedure

All the operations were performed by a single senior surgeon.
Under general anesthesia, each patient was placed in a beach-chair
position. In the respective healed and retear groups, the surgical
repair procedure was single row in 35 and 7 patients, double row
in 54 and 6 patients, and suture bridging in 197 and 19 patients.
Acromioplasty, tenotomy, and mobilization, including capsu-
lotomy, were performed as necessary.

All patients underwent a standard postoperative rehabilitation
program. Passive exercises were started within a few days, and
assistive self-assisted exercises were started after 3 weeks. Active
exercise was permitted at 5 weeks for patients with small/medium
tears, or 9 weeks for patients with large/massive tears. Isometric
training was started at 9 weeks, and isotonic strength training was
started at 4 months.

Outcome measures

We investigated the following 11 variables that have been previ-
ously reported: age®'; AP tear width and mediolateral tear
length®® '+ 16:18:2021. gty infiltration of the rotator cuff muscles
(ie, supraspinatus, infraspinatus, and subscapularis) and global
fatty degeneration index>%!7:?! ; CSA'%%2;
hyperlipidemia,'” cholesterol level, diabetes mellitus,® and
smoking”®; and surgical technique (ie, single-row, double-row, and
suture bridging).*®'>*"** Hyperlipidemia and diabetes mellitus
were defined by the primary care physician who treated the patient
at the time of evaluation. The cholesterol and glycated hemoglo-
bin (HbAlc) levels were based on preoperative blood test data.
The smoking status (ie, average number per day) was directly
asked and confirmed from each patient at the time of admission.

The preoperative tear size was measured, with reference to the
report of Davidson et al.” The maximum AP tear width was
measured on T2-weighted sagittal MR images. The maximum
mediolateral tear length was measured on T2-weighted oblique-
coronal MR images. Based on the report of Fukuta et al,'' and
using Y-shaped MR images with 2 slices inside (1 slice: 3 mm),
the preoperative fatty infiltration of the rotator cuff muscles was
measured according to the Goutallier classification. As defined by
Moor et al,”” the preoperative CSA was measured using a line that
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connected the superior and the inferior bony margins of the gle-
noid and an intersecting line drawn from the inferior bony margin
of the glenoid to the most lateral border of the acromion.

The postoperative integrity of the repaired tendon was assessed
at 6 months after surgery. A diagnosis of retear was made when a
fluid-equivalent signal was found or when the rotator cuff tendon
was not visualized on more than 1 T2-weighted image
(referent).”® Functional outcomes were evaluated by shoulder
scoring, using the Japanese Orthopedic Association (JOA) and the
University of California at Los Angeles (UCLA) systems. These
functional outcome assessments were performed preoperatively
and postoperatively.

Statistical analysis

The primary objective of the data analyses was to construct
clinically interpretable risk profiles. To this end, 11 risk factors for
retear after surgery were identified through previously reported
researches. These risk factors were used in a classification and
regression tree model to extract the risk profiles that were defined
as an asymmetric combination of risk factors. In order to ensure
clinical interpretability, the maximum depth of the tree diagram
was 3, the minimum number of cases in the target group (parent
node) before division was 10, and the target groups after division
(child nodes) were 3.

Data are presented as the mean =+ standard deviation. The total
JOA/UCLA score and the demographic data were compared be-
tween the healed and retear groups using the unpaired ¢ test or the
Mann-Whitney U test, as appropriate. The risk factors were
compared between the 2 groups using the chi-square test or
Fisher exact test. P values <.05 were considered statistically
significant. All statistical analyses were performed using JMP 13
software (SAS Institute, Cary, NC, USA).

Results

The respective data for the healed and retear groups were a
mean age of 64.7 + 7.3 years and 66.8 £ 5.4 years, a male-
to-female ratio of 160:126 and 22:10, a mean body mass
index of 23.9 £ 0.2 and 24.6 £ 0.6, arm dominance of
70.1% and 56.5%, symptom duration of 9.3 and 12.6
months, small/medium tear in 169 and 8 patients, and large
massive tear in 85 and 24 patients.

Compared with the preoperative measures, the post-
operative measures significantly improved from 68.9 to
81.3 points for the total JOA score and from 16.5 to 26.4
points for the total UCLA score (P < .001 for both).
However, there were no significant differences between the
2 groups in both scores before and after surgery (Table I).
On univariate analysis, the healed and retear groups
significantly differed in several variables, including AP tear
width (P < .0001), mediolateral tear length (P < .0001),
hyperlipidemia (P =.0178), global fatty degeneration index
(P < .0001), stage of the supraspinatus (P < .0001),
infraspinatus (P < .0001), subscapularis (P < .0001), and
CSA (P < .0015) (Table I).

To extract the potential risk factors for retear, a decision
tree analysis was performed using AP tear width; medio-
lateral tear length; hyperlipidemia; global fatty degenera-
tion index; Goutallier stage of supraspinatus, infraspinatus,
and subscapularis; and CSA as independent variables and
retear as the dependent variable.

Five profiles were constructed using an asymmetrical
combination of AP tear size, hyperlipidemia, CSA, and
supraspinatus Goutallier stage based on the tree model. As
depicted in Figure 1, the first profile group was defined as
patients whose AP tear size was >40 mm, hyperlipidemia
was positive, and CSA was >37°. The proportion of retear
in this group was 86.2%. The other 4 patient profile groups
were defined in a similar manner (Fig. 1).

The first profile group’s retear proportion was 100%,
indicating this as the highest-risk group. To examine the
risk of retear between the 5 profiles, odds ratio was esti-
mated. To this end, we combined the first and second group
because the proportion of retear in the first group was
100%. Then, logistic regression model was fitted using 4
groups, and the high-risk group had @ to @, middle-risk
group had ® to @, and the low-risk group had ®, which
were defined by comparing the odds ratio obtained from the
model (Fig. 2). The total prediction probability rate (O and
®) for the high-risk group was significantly higher than
that for the low-risk group (50.8% [8/15] vs. 4.3% [9/213]),
with an odds ratio of 25.9 (P <.0001). Similarly, the results
of the odds ratio of the middle-risk vs. low-risk and of the
high-risk vs. low-risk groups are shown in Table II.

Discussion

In most previous studies in which the risk factors for retear
after ARCR were examined, multivariate logistic regression
analyses were used.”'*'*1718:21.26 Ajthough such analysis
can extract significant and independent explanatory vari-
ables, evaluation of the correlations among these variables
may be difficult. In contrast, a decision tree analysis is a
useful method that can construct predictions in a tree dia-
gram for the analysis of multiple combination effects of
these risk factors. The present study successfully used this
analysis to demonstrate that AP tear size, hyperlipidemia,
and CSA are the factors that most affect postoperative
retear. Specifically, AP tear size of >40 mm, hyperlipid-
emia, and CSA of >37° increased the prediction proba-
bility for retear to 86.2%.

Kwon et al'’ developed a scoring system as an index to
predict healing after ARCR. In their report, the significant
independent variable among age, AP and mediolateral tear
size, fatty infiltration of the infraspinatus, low bone mineral
density, and high activity level of work was extracted by
logistic regression analysis and used as the scoring variable.
Their total score was calculated using the odds ratio as
weighting (eg, the predicted retear rate was 86.2% when the
score was >10 out of the maximum possible of 15 points).
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Table I  Combination variables between the healed and retear outcome groups.
Total (n = 286) Healed (n = 254) Retear (n = 32) P value

Age, yr 64.9 + 7.1 64.7 &+ 7.3 66.8 + 5.4 1144
Sex, male/female, n 160/126 138/116 22/10 1215
Body mass index 24.0 £ 0.2 23.9 £ 0.2 24.6 £+ 0.6 .2865
Arm dominance, right:left 68.6 70.1 56.5 .0622
Symptom duration, mo 9.7 £+ 11.6 9.3 +£9.9 12.6 + 18.8 .0778
Tear size

Medium 177 169 8

Large 84 70 14

Massive 25 15 10
Surgical technique, n .3401

Single row 38 31 7

Double row 54 48 6

Brigding suture 194 175 19

LHB, tenotomy 27 21 6

Subscapularis tear 23 15 8

ASD 267 236 31

Mobilization 83 71 12

Medialization 44 36 8
Smokers, n (%) 41 (14.3) 37 (14.6) 4 (12.5) 7532

Times smoked per day, mean 17.4 17.3 18.5
Hyperlipidemia, n (%) 61 (21.3) 49 (19.3) 12 (37.5) .0178"

Cholesterol level, mg/dL 209 + 34.7 198.1 + 42.8 210.6 + 33.5 .0594
Diabetes mellitus, n (%) 42 (14.7) 36 (14.2) 6 (18.8) .4906

HbA1c, % 6.5 6.5 6.7
Tear width, mm 27.8 £ 11.4 26.4 £+ 10.4 38.4 + 13.2 <.0001'
Tear length, mm 27.6 £9.8 26.7 £ 9.3 34.7 + 10.5 <.0001"
GFDI 1.00 £ 0.68 0.93 + 0.64 1.63 £ 0.71 <.0001'
Goutallier stage

Supraspinatus 1.56 + 0.98 1.47 £ 0.96 2.25 £ 0.92 <.0001"

Infraspinatus 0.88 + 0.86 0.81 £ 0.83 1.43 £ 0.91 <.0001"

Subscapularis 0.57 + 0.85 0.49 + 0.74 1.19 + 1.31 <.0001'
Critical shoulder angle 33.7 + 3.61 33.5 + 3.54 35.7 + 3.72 .0015
JOA score

Preoperative 68.9 + 13.7 69.4 + 1.2 65.6 + 3.4 .2968

Postoperative 81.3 £ 9.6 81.8 £ 0.9 77.7 + 2.4 1121
UCLA score

Preoperative 16.5 + 3.6 16.6 £ 0.3 15.8 £ 0.9 3574

Postoperative 26.4 = 5.7 26.7 =+ 0.5 243 + 1.4 1114

LHB, long head of biceps; ASD, arthroscopic subacromial decompression; HbAIc, glycated hemoglobin; GFDI, global fatty degeneration index; JOA,
Japanese Orthpaedic Association; UCLA, University of California at Los Angeles shoulder score.

Unless otherwise noted, values are mean =+ standard deviation.

* Statistically significant (P < .05) among the 2 groups with the chi-square test or Fisher exact test.
T Statistically significant (P < .05) among the 2 groups with the unpaired t test or the Mann-Whitney U test.

Thus, compared with multivariate analysis that indepen-
dently extracts significant variables in a sample population,
the decision tree analysis is relatively suitable for predict-
ing retear because this analysis can directly identify pa-
tients who are likely to retear and it can clearly anticipate
its probability in these patients.

Previous studies have emphasized the importance of tear
size as a risk factor for postoperative retear.”'“' Tear size
affected tendon healing rates, but this effect was more
pronounced when evaluated on the sagittal plane rather
than the coronal plane.” Le et al’” concluded that AP tear

size was the most important independent risk factor for
postoperative  retear  in 1000  patients  with
ARCR. Consistently, in the decision tree analysis, AP tear
size was chosen as the best bifurcation variable, with a
cutoff value of 40mm. Given the fact that the mean
maximum length of the supraspinatus and infraspinatus
footprints was 12.6 and 32.7 mm, respectively,24 this cutoff
value may be valid.

An experimental animal study demonstrated the delete-
rious effects of hypercholesterolemia on tendon-to-bone
healing, and decreasing hypercholesterolemia improved the
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Figure 1  Decision tree model for the prediction of retear. AP, anteroposterior; SSP, supraspinatus; CSA, critical shoulder angle.
Patients with Retear : n=32/286
Prediction Probability
T
AP tear size =™
=40 mm <40 mm
1 1
n=18/57 n=14/229
31.2% 6.1%
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50.8% 23.6% | 30.0% | 4.3%
T
——CSA—
=37° <37
n=5/5 v @ n=3/10
86.2 | | 28.8
Figure 2  Risk group classification by decesion tree model. AP, anteroposterior; SSP, supraspinatus; CSA, critical shoulder angle.

negative effects.”’ Abbound et al' reported that compared
with controls, patients with rotator cuff tears had significantly
more severe hypercholesterolemia, with significantly higher
total cholesterol and triglyceride levels and lower low-
density lipoprotein levels. Garcia et al'® reported that
hyperlipidemia contributed to postoperative retear, with an
odds ratio of 6.5. In this study, the coexistence of hyperlip-
idemia further increased retear probability when AP tear size
significantly indicated retear at risk (AP size of >40 mm:
31.2%; AP size of >40 mm + hyperlipidemia: 50.8%).

CSA of >35° was an indicator of the risk for developing
rotator cuff tear.”” Using a finite element analysis, Viehofer
et al”’ showed that the joint shear force was significantly
higher at a CSA of 38° than at a CSA of 33°, implying that
the biomechanical stress to the rotator cuff increased as the
CSA increased. Garcia et al'” showed that preoperative
CSA was significantly higher in the postoperative retear
group (38.6°, odds ratio: 14.8) than in the healed and partial
repair groups. In the present study, CSA is also considered
to be an important risk factor for retear. When CSA
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Table II  Retear odds ratio for each profiles.

Profiles 0dds  95% confidence P value
ratio  interval

High risk vs. low risk 25.9 7.69, 87.2 <.0001

Middle risk vs. low risk 7.91 3.25,19.2 <.0001

High risk vs. middle risk 3.28 1.01, 10.6 .0473

combined with AP tear size and the presence of hyperlip-
idemia reached significance of retear at risk, the prediction
probability for retear further increased (AP size of >40 mm
+ hyperlipidemia + CSA of >37°: 86.2%).

This study had some limitations. First, it was a retro-
spective cohort study with a small number of samples. Sec-
ond, postoperative retear was evaluated at 6 months after
surgery; notably, the validity of our data was supported
because most cases of retear occur within 3 months after
surgery.”” Third, a single surgeon performed the surgeries,
but multiple different techniques were used. Fourth, several
other risk factors, such as osteoporosis, were not included in
this study, and this may have affected our data. On the other
hand, the strength of this study lay in its use of a decision tree
analysis, which enabled us to successfully demonstrate the
combination of risk factors in a step-by-step manner.

Conclusions

Based on the decision tree analysis, the risk factors that
affect retear after ARCR the most were an AP tear size
of >40mm, hyperlipidemia, and a CSA of >37°.
Moreover, the coexistence of these factors increased the
prediction probability for retear to 86.2%.

Disclaimer

The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from any
commercial entity related to the subject of this article.
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