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Abstract

Purpose The relationship between retear that may occur after rotator cuff repair and patient satisfaction is not well
established. This study aimed to determine whether the types and size of the retear evaluated by computed tomog-
raphy arthrography (CTA) influenced patient satisfaction. We also analyzed the patient factors that could affect patient
satisfaction.

Patients and methods A total of 50 patients who were diagnosed with rotator cuff retear after undergoing arthro-
scopic rotator cuff repair were included in this study. All the patients were dichotomously classified into the satisfac-
tory or dissatisfactory groups according to the patients’self-classifications. CTA was used to assess the attachment
status of the footprint, detect retear on the medial side of the footprint of the repaired cuff, and determine the retear
size. Demographic factors, including sex, age, occupation, dominant upper extremity, duration of pain, presence of
diabetes mellitus, trauma history, history of ipsilateral shoulder surgery, repair technique, worker's compensation
status, and functional shoulder score, were investigated.

Results Thirty-nine patients were classified into the satisfactory group and 11 patients were classified into the dis-
satisfactory group. There were no differences in age, sex, occupation, dominant hand, duration of pain, presence of
diabetes mellitus, trauma history, history of ipsilateral shoulder surgery, repair technique, worker's compensation, and
duration of follow-up between the two groups. However, the postoperative American Shoulder and Elbow Surgeon
(ASES) score (P<0.01), visual analog scale (VAS) pain level (P<0.01), anteroposterior (AP) length (P<0.01), and area of
the retear site (P<0.01) were significantly different.

Conclusion The AP length and area of the retear site estimated using CTA were confirmed as the significant risk
factors for dissatisfaction. However, the type of repaired rotator cuff judged by the attachment status of the footprint
did not correlate with patient satisfaction. In addition, the postoperative VAS pain scale and ASES score was correlated
with patient satisfaction.
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Introduction

Overall, the incidence of retear after rotator cuff repair
has been observed to be approximately one in four
patients [1]. However, numerous studies have reported
that the clinical outcomes after rotator cuff repair
improved regardless of whether retear had occurred.
Therefore, they concluded that there was no correla-
tion between rotator cuff repair integrity and the clini-
cal outcomes [1-6]. These studies appear to validate
rotator cuff repair as post-operative outcomes are
good anyway; however, they may also raise fundamen-
tal questions about the necessity of rotator cuff repair
owing to the irrelevance between repair integrity and
clinical outcomes. On this issue, Tashjian said that
despite the surgical fascination with healing, most stud-
ies have failed to show that anatomic healing makes an
important difference with regard to the outcomes [7].
On the other hand, Yang et al. reported poor clinical
outcomes in the retear group compared to the intact
group in a systematic review of rotator cuff repair after
retear, [8] and Kim et al. reported poor clinical out-
comes in the retear group in a study of arthroscopic
revision rotator cuff repair [9]. Thus, the relation-
ship between repair integrity and clinical outcome has
remained controversial until recently.

Some authors advocate that the above-mentioned
“knowledge gap” occurs because non-anatomical factors
could affect the clinical outcomes [10, 11]. However, we
consider that the inaccuracy of evaluation methods for
cuff integrity can also cause a knowledge gap. Several
modalities, such as ultrasonography, magnetic resonance
imaging (MRI)/MR arthrography (MRA), and CTA have
been used to evaluate the postoperative cuff integrity in
previous studies. Ultrasonography has a relatively low
interobserver reliability; additionally, MRI/MRA can be
used restrictively because of its high cost. In contrast,
CTA cannot differentiate fatty infiltrates in rotator cuffs,
but can be performed at a lower cost than MR, and the
newly developed multi-detector CT (MDCT) has been
reported to have a sensitivity of 99% and a specificity of
100% for the diagnosis of supraspinatus (SSP) tears [12].

Despite the high frequency of retears, overall patient
satisfaction with rotator cuff repair is high. Many patients
do not want to undergo revision surgery because they
are not experiencing any discomfort despite the pres-
ence of an actual retear. The authors wanted to investi-
gate the factors that may affect this unpredictable patient
satisfaction by using CTA, a more intuitive and accurate
imaging test. Thus, the aim of the present study was to
determine whether the size and type of the retorn rota-
tor cuff evaluated by CTA after arthroscopic rotator cuff
repair influenced patient satisfaction. We also analyzed
demographic factors that could affect patient satisfaction.
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Materials and methods
The study was approved by the local institutional review
board of Hanyang University Hospital.

Patients and demographic factors

A total of 50 patients diagnosed with rotator cuff retear
after undergoing arthroscopic rotator cuff repair by a
single surgeon (LBG) at a single institution between
April 2014 and February 2019 were included in this ret-
rospective study. A total of 423 patients underwent rota-
tor cuff repair during this period. Of these, 401 patients
underwent imaging at 6 months postoperatively and
362 underwent CTA, excluding 39 patients who under-
went ultrasound or MRI. Finally, 50 patients had a retear
detected on CTA. The patients included 22 men and 28
women, and their mean age at surgery was 62.6 years
(range: 43—74 years).

Patients’ factors including sex, age, occupation, domi-
nant upper extremity, duration of pain, presence of dia-
betes mellitus, preoperative rotator cuff tear size, trauma
history, history of ipsilateral shoulder surgery, repair
technique, worker’s compensation status, and dura-
tion of follow-up were investigated by chart review and
a survey. The occupations were classified as labor-inten-
sive or non-labor-intensive according to the patients’
self-judgment.

Satisfaction and clinical outcomes evaluation

At the last follow-up, all the patients were classified into
the satisfaction or dissatisfaction group in a dichotomous
manner according to the patients’ self-classifications. The
ASES score and VAS of pain level were recorded preop-
eratively and at the last follow-up. The preoperative and
postoperative ranges of motion (ROMs), including for-
ward flexion and external rotation of the involved shoul-
ders, were assessed using a goniometer. The effects of the
above-mentioned demographic factors, ASES score, VAS
pain level, and shoulder ROM on patient satisfaction
were analyzed.

Computed tomography arthrography evaluation

All the patients underwent CTA 6 months after surgery.
A MDCT (Somatom Definition, Siemens Medical Solu-
tions, Erlangen, Germany) was used, and images were
reconstructed with a scan thickness of 2 mm. CTA was
performed with the patient supine after contrast injec-
tion into the glenohumeral joint by a radiologist under
fluoroscopic guidance, and it was used to assess the
attachment status of the footprint, detect retear on the
medial side of the footprint of the repaired cuff, and
determine the retear size. Since retear was regarded as
a structural failure of the repaired rotator cuff, it was
defined as a case in which the continuity of the rotator



Lee et al. BMC Musculoskeletal Disorders (2023) 24:486 Page 3 of 7
Table 1 The types of repaired rotator cuff by CT arthrography
Type Subtype Footprint attachment Medial tissue integrity Status of
repaired
cuff
a Full attachment Intact Healing
b Full attachment Dye leakage in one or more images Retear
I a Partial attachment Intact Healing
b Partial attachment Dye leakage in one or more images Retear
Il Footprint retear Retear

cuff was disrupted by the contrast agent, regardless of
the biological healing status of the repaired area. There
was some lack of coverage for massive tears involving
the infrasupinatus and subscapularis, but supraspina-
tus tears were completely repaired in all patients. The
evaluation of rotator cuff retears primarily focused on
the supraspinatus because it was the area that can be
accurately evaluated in the coronal plane of a CTA.

In our experience, the pattern of retear after cuff
repair can be divided into two cases: failure of the foot-
print to heal or new tears occurring proximal to the
footprint. These two cases were combined to classify

the postoperative CTA patterns. The postoperative
CTA types I, II, III were classified depending on the
healing status of the cuff footprint. Subtypes a and b
were classified by the presence or absence of a tear on
the medial side of the cuff. Full attachment of the rota-
tor cuff on the footprint area on CTA was regarded as
complete healing of the cuff footprint and classified as
type L. Partial attachment on the footprint area print
was regarded as incomplete healing and classified as
type II. Type III was defined as a full detachment of
the rotator cuff on the footprint area, which indicated
footprint retear of the rotator cuff. Subtype “a” defined

Fig. 1 According to our CT arthrography repaired rotator cuff classification system, (A) is type la (footprint: full attachment, medial integrity: intact),
(B) is type Ib (footprint: full attachment, medial integrity: dye leakage), (C) is type IIb (footprint: partial attachment, medial integrity: dye leakage)

and (D) is type Ill (footprint retear)
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if there was no leakage of dye in the medial side of foot-
print of rotator cuff. When the dye leakage was shown
in the medial side of footprint on one or more sections
of CTA, i.e., more than 2 mm wide, it was defined as
subtype “b” (Table 1, Fig. 1). According to these defi-
nitions, type Ia and Ila were excluded from the retear
group.

The retear size was defined as the cross-sectional area
of the retorn site. The maximum anteroposterior (AP)
and mediolateral (ML) diameters of the contrast leak-
age in the sagittal and coronal planes of CTA were meas-
ured, respectively. The cross-sectional area of the retorn
site was calculated by multiplying half of the AP and
ML diameters, such as the area of the rhombus (Fig. 2).
All the radiologic parameters were measured using
niviewSTAR PACS (INFINITT Co., Seoul, Korea) by two
observers in a random manner, and the average values of
the two observers’ measurements were used in the data
analysis.

Statistical analysis

The interclass correlation coefficients (ICCs) were calcu-
lated to evaluate the interobserver reliability of the retear
size and retear type, as assessed by the two observers.
One participated in the surgery and the other did not.
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Correlation analyses were performed to analyze the fac-
tors affecting patient satisfaction with surgery. Continu-
ous data, including age, pain duration, ROM, VAS pain
level, and ASES score were analyzed using the Mann—
Whitney U test, whereas categorical data, including sex,
dominant arm, operative history, occupation, worker’s
compensation, trauma history, diabetes mellitus, and
operative technique were analyzed using the chi-square
test or Fisher’s exact test. Independent factors divided
into more than three categories were analyzed using the
linear-by-linear association method. Post-hoc power
analysis was performed to evaluate the validity of the
sample size. SPSS version 18.0 (IBM Corp., Armonk, NY,
USA) was used for statistical analysis, and a p value <0.05
was considered statistically significant.

Results

Overall, 39 of 50 patients were classified into the sat-
isfactory group and 11 others into the dissatisfactory
group by self-judgment. The mean ages of the satisfac-
tory and dissatisfactory groups were 62.3 years (range,
43-74 years) and 63.4 years (range, 51-72 years), respec-
tively. There was no statistically significant difference in
the mean age between the two groups (P=0.679). There
were also no differences in the sex, occupation, dominant

Fig. 2 The maximum mediolateral (a) and anteroposterior (b) diameters of contrast leakage in the coronal and sagittal plane of CT arthrography
were measured, respectively. ¢ The cross-sectional area of the retorn site was calculated as 1/2 the product of the two diameters, such as the area of

the rhombus
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hand, duration of pain, presence of diabetes mellitus,
trauma history, history of ipsilateral shoulder surgery,
repair technique, worker’s compensation and duration
of follow-up between the two groups. However, the post-
operative ASES and VAS pain scores were significantly
different (Table 2).

The interobserver reliability of the retear size measured
by CTA was judged to be excellent, as the ICCs of the
AP and ML diameters of the retorn area were 0.852 and
0.835, respectively. The retear type also showed excellent
reliability, with an ICC of 0.764. The retear type and ML
diameter of the retorn site showed no significant differ-
ences between the two groups. However, the AP diameter
and retear size showed statistically significant differences
(Table 3). In the post-hoc power analysis to determine
the difference between in the retear size the two groups
of this sample size, the power was 0.8.

Discussion

Patient factors were compared between satisfied and dis-
satisfied patients, and only postoperative VAS pain scores
and ASES scores showed significant differences. Cor-
relation analysis between CTA findings and patient sat-
isfaction revealed that retear type did not affect patient

Table 2 Correlation between patient factors and satisfaction
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satisfaction. However, the dissatisfactory group showed
significant correlations with the AP diameter of the
retorn site and retear size, indicating that they are risk
factors. This is likely because CTA can accurately detect
retears, leading to a wider spectrum of retears and ulti-
mately affecting patient satisfaction.

Various methods can be used to assess the integrity of
the repaired rotator cuff, including MRI, ultrasonogra-
phy, and CT [12-14]. However, the reliability and valid-
ity of these methods may not be as satisfactory as their
pre-operative diagnostic capabilities [15]. Moreover,
there is no consensus on which morphological features
of the repaired rotator cuff should be considered for
repair integrity. Previous studies have typically divided
repair integrity into two categories: intact and retorn, or
used the Sugaya classification, which has limitations with
respect to moderate interobserver reliability and the abil-
ity to assess the healing status of the rotator cuff footprint
without arthrography [1, 16, 17]. In this study, CTA was
used to evaluate repair integrity due to its high sensitivity
(99%) and specificity (100%) for detecting supraspinatus
tears, and ability to assess the healing status of the foot-
print [12]. Repair integrity was evaluated based on retear
location, shape, and size rather than simply dividing it
into intact and retorn. The tear location was categorized

Satisfactory group (N=39) Unsatisfactory p value
group (N=11)
Age 62.3 (43~74) 634 (51~72) 0670
Preoperative pain duration (months) 15.1 (1~60) 11 (1~24) 0620
Range of motion(°) Preop FF 153.3 (70~180) 145.9 (30~ 180) 0.747"
ER 61.6 (30~80) 61.8(30~80) 0837
Postop FF 1554 (130~180) 143.3(30~180) 0672
ER 68.5 (30~80) 63.6 (50~ 80) 0.098"
VAS pain score Preop 6(4~8) 66 (5~10) 0.247"
Postop 1.7 (0~4) 39(2~6) <001
ASES score Preop 549 (42~71) 55 (35~68) 0.840"
Postop 84.9 (82~95) 64.5(62~71) <001
Sex Male 17 5 0958"
Female 22 6
Surgery on dominant side 26 9 0.193"
Operative history 1 0 0.703"
Labor- intensive job 11 3 0.499"
Worker’s compensation 2 0.283"
Trauma history 0 06017
Diabetes 1 0947"
Operative techniques Single row 20 8 06017
Double row/ 19 3

suture bridge

“ Mann-Whitney U test
* Chi-square test or Fisher's exact test
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Table 3 Correlation between CT arthrography findings and satisfaction
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Satisfactory group (n=39) Unsatisfactory group (n=11) pvalue
Anteroposterior diameter (mm) 583(2~12) 13 (8~20) <001
Mediolateral diameter (mm) 456 (3~16) 512(2~18) 0.542"
Retear size (mm?) 1048 (3~42) 2045 (8~160) <001
Repaired rotator cuff types b 17 6 06017
(footprint attachment status) b 15 P
] 7 3

" Mann-Whitney U test

* Linear-by-linear association

into the footprint and medial part because a tear in the
footprint can be considered a return to the initial state,
while a tear in the medial part is a new tear and expected
to have a different clinical outcome. The healing status
of the footprint was also expected to impact clinical out-
come. However, our study results showed that these fac-
tors were not associated with patient satisfaction.

Some studies have reported good clinical outcomes
despite retear and suggested that there is no correlation
between repair integrity and clinical outcomes [2, 18—
20]. However, this contradicts the goal of surgery to ana-
tomically restore the rotator cuft. Indeed, However, this
contradicts the goal of surgery to anatomically restore the
rotator cuff. McElvany et al. and Russell et al. reported no
statistical relationship between repair integrity and clini-
cal outcomes in their studies [1, 15], but other studies
have shown that the intact group is superior to the retear
group in terms of functional score and muscle strength
[10, 21-25]. The relationship between repair integrity
and clinical outcome remains ambiguous, and the clini-
cal outcomes of the retear may change over time. As the
retraction of a retorn cuff worsens over time, the size of
the retear site may also increase, leading to progressively
worse clinical outcomes and patient satisfaction.

The study has some limitations that should be consid-
ered when interpreting the results. First, CTA was used
to evaluate the integrity of the repaired cuff, which may
not be able to detect internal changes in the cuff that
could be seen on MRI, such as fat infiltration or degener-
ative changes. The internal quality of the cuff is expected
to have an impact on clinical outcomes and satisfaction,
similar to signal changes seen in the rotator cuff on MRI
in patients with shoulder impingement syndrome. Sec-
ond, patient satisfaction was used to classify the patient
groups, which may be somewhat arbitrary compared
to classification based on clinical scores. In addition,
patients were not given the option of a middle ground,
which may have affected their choices. This could have
led to more significant results if a middle ground had
been allowed and those patients had been excluded from

the statistical analysis. Third, the sample size was small,
which may reduce the reliability of the classification. A
second-look operation could provide stronger reliability,
and further research in this area is needed.

Based on the investigation of retear type and size evalu-
ated by CTA on patient satisfaction, we concluded that
although there was no significant relationship between
retear types, a larger AP diameter and retear size were
associated with a higher likelihood of patient dissatisfac-
tion. Furthermore, patient satisfaction was found to be
correlated with postoperative VAS pain scale and ASES
score.
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