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Purpose: This study aimed to compare the ability of B-mode ultrasonography and magnetic 
resonance imaging (MRI) to predict the repairability of large-to-massive rotator cuff tears (RCTs).
Methods: This cross-sectional study included participants with large-to-massive RCTs who 
underwent arthroscopic repair. B-mode ultrasonography and MRI were conducted prior to 
arthroscopic repair. B-mode ultrasonography was used to evaluate the echogenicity of the rotator 
cuff muscle using the Heckmatt scale. Intra-rater and inter-rater reliabilities were examined for 
two independent physicians. MRI was used to evaluate the degrees of tendon retraction, fatty 
infiltration of rotator cuff muscles, and muscle atrophy. Finally, two experienced orthopedic 
surgeons performed surgery and decided whether the torn stump could be completely repaired 
intraoperatively.
Results: Fifty participants were included, and 32 complete repairs and 18 partial repairs were 
performed. B-mode ultrasonography showed good intra-rater reliability and inter-rater reliability 
for assessment of the muscle echogenicity of the supraspinatus and infraspinatus muscles. The 
correlation coefficients between B-mode ultrasound findings and MRI findings showed medium 
to large effect sizes (r=0.4-0.8). The Goutallier classification of the infraspinatus muscles was 
the MRI predictor with the best discriminative power for surgical reparability (area under the 
curve [AUC], 0.89; 95% confidence interval [CI], 0.81 to 0.98), while the Heckmatt scale for 
infraspinatus muscles was the most accurate ultrasound predictor (AUC, 0.85; 95% CI, 0.74 to 
0.96). No significant differences in AUCs among the MRI and ultrasound predictors were found.
Conclusion: B-mode ultrasonography was a reliable examination tool and had a similar ability to 
predict surgical reparability to that of MRI among patients with large-to-massive RCTs.

Keywords: Large-to-massive rotator cuff tears; Reparability; B-mode ultrasound
Key points: B-mode ultrasonography has comparable predictive ability of surgical reparability to 
that of MRI in patients with large-to-massive rotator cuff tears. B-mode ultrasonography would 
show good intra-rater and inter-rater reliabilities in assessment of echogenicity of rotater cuff 
muscles.
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Introduction

Rotator cuff tears (RCTs) usually result in shoulder pain and 
weakness in forward flexion and abduction to the horizontal position 
[1,2]. The prevalence of RCTs increases with age according to recent 
epidemiological studies [3,4]. A systematic review including a meta-
analysis [5] reported that the dominant arm, being overweight, 
tobacco use, and hypertension were also risk factors for RCTs. 
Approximately 40% of all RCTs were found to be large-to-massive 
in an observational study [5]. In order to improve shoulder pain and 
shoulder function, most patients with symptomatic large-to-massive 
RCTs are willing to undergo surgical repair; however, the degree 
of rotator cuff muscle atrophy and fatty infiltration affects surgical 
reparability [6]. Large-to-massive RCTs can be repaired completely 
in some clinical situations, but are sometimes irreparable because of 
severe muscle atrophy or poor tissue quality. Whether or not the torn 
stump can be reduced to the anatomic footprint (complete repair) is 
evaluated by orthopedic surgeons intraoperatively. However, surgical 
reparability can also be predicted preoperatively with the assistance 
of some examinations.

Magnetic resonance imaging (MRI) was considered a suitable 
examination for predicting the surgical reparability of large-to-
massive RCTs in previous studies [7-9], which evaluated tear 
size, tendon retraction, and fatty infiltration of the muscle layer 
by MRI. Despite the fact that MRI provides a detailed evaluation 
of the injured soft tissue, the clinical availability of MRI is not as 
high as that of other examination tools, such as ultrasonography. 
Increasingly many physicians are using ultrasonography to evaluate 
muscle atrophy and fatty infiltration of the supraspinatus muscle, 
and ultrasound findings were found to be correlated to MRI findings 
in one study [10]. The primary objective of the present study was to 
compare the ability of B-mode ultrasonography and MRI to predict 
the reparability of large-to-massive RCTs. Furthermore, the reliability 
of B-mode ultrasonography when administered in patients with 
large-to-massive RCTs was also examined.

Materials and Methods

Compliance with Ethical Standards 
This study was approved by the Institutional Review Board of 
Chang Gung Memorial Hospital (IRB No. 201800883B0). A research 
assistant informed the participants about the study and obtained 
written informed consent from each patient.

Study Design and Participants
This was a cross-sectional study conducted at Kaohsiung Chang 
Gung Memorial Hospital. Participants with large-to-massive RCTs 

requiring arthroscopic repair were enrolled. Large-to-massive RCTs 
were defined by the presence of one of two criteria: (1) the diameter 
of the tear was greater than 3 cm [11]; or (2) the full-thickness 
tear involved two or more tendons [12]. The above criteria were 
confirmed by MRI or ultrasonography. The exclusion criteria for this 
study were as follows: (1) severe acromioclavicular arthritis requiring 
distal clavicle resection; (2) severe glenohumeral arthritis (Hamada 
classification grade 3 or above) [13]; (3) history of shoulder 
fracture; and (4) an absolute contraindication for MRI, such as 
claustrophobia, placement of a cardiac pacemaker, neurostimulator, 
syringe injection pump, cochlear implant, or any metal implant. 

In total, 78 patients with large-to-massive RCTs who planned to 
undergo arthroscopic repair from October 2018 through September 
2020 were screened for participation in this study, and 58 patients 
provided informed consent and preoperative evaluations were 
therefore performed. However, eight patients did not ultimately 
undergo arthroscopic repair, so only 50 patients were included in 
the final data analysis (Fig. 1).

Data and Assessments
Demographic characteristics, including age, sex, body height and 
weight, the side of the lesion, and the duration of symptoms, were 
recorded at the beginning of the study. The affected shoulder 
function was evaluated prior to arthroscopic repair: (1) shoulder 
active range of motion (ROM) at forward flexion, abduction, internal 
rotation, and external rotation, assessed using a goniometer; and 
(2) the University of California at Los Angeles shoulder rating scale 

Fig. 1. Flow diagram of the participants. CPCR, cardiopulmonary 
cerebral resuscitation.

78 Patients with large-to-
massive rotator cuff tears 

were identified

20 Patients refused to 
participate in this study

8 Patients did not undergo 
surgery (1 canceled due 
to CPCR after general 

anesthesia; 7 did not return 
for surgery)

58 Patients underwent 
preoperative evaluation

50 Patients were included 
for quantitative analysis
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[11] for a comprehensive assessment of participants’ severity of 
shoulder pain, function, shoulder ROM, shoulder muscle strength, 
and satisfaction with the surgical outcomes.

All patients were evaluated using both B-mode ultrasonography 
and MRI prior to surgery. On B-mode ultrasonography, two rotator 
cuff muscles (the supraspinatus muscle and infraspinatus muscle) 
were evaluated by physicians with at least 3 years of experience of 
ultrasonography using a Siemens Acuson S2000 ultrasound system 
(Siemens Healthcare, Erlangen, Germany), which included a linear-
array transducer with a bandwidth of 4-9 MHz. All participants 
were scanned in a sitting position with a relaxed arm resting on the 
ipsilateral thigh. The ultrasound transducer was placed perpendicular 
to the long axis of the supraspinatus and infraspinatus muscle belly, 
and the region of interest (ROI) was located at the entire middle 
third part of each muscle. The ultrasound machine was set at the 
musculoskeletal preset and B-mode with autogain, and the dynamic 
range was 70 dB for all participants. Adequate transducer pressure 
was applied to the skin to obtain optimal images for comparisons 
of muscle and bone echoes. The Heckmatt scale [12] was utilized to 
grade the muscle echogenicity within each ROI of the supraspinatus 
and infraspinatus muscles. Grading was as follows (see Figs. 2 
and 3 for grading examples): grade 1, normal; grade 2, increased 
muscle echo intensity with distinct bone echo; grade 3, markedly 
increased muscle echo with reduced bone echo; grade 4, very strong 
muscle echo with complete loss of bone echo. The first 25 of the 
included 50 participants were selected to test the reliability of the 
Heckmatt scale within each ROI. Two examiners performed B-mode 
ultrasonography independently to test the inter-rater reliability. Each 
examiner also repeated the exam at an interval of 30 minutes to 
test the intra-rater reliability.

The following MRI images were obtained from a 1.5 T (Signa 
Horizon LX, GE Healthcare, Chicago, IL, USA) imaging unit equipped 
with a standard shoulder surface coil. The sequence was performed 
above the level of the acromioclavicular joint down to below the 
axillary pouch. The imaging sequences included the following: axial 
proton-density-weighted fast spin-echo with a fat suppression 
sequence; coronal oblique proton-density-weighted fast spin-
echo with and without fat suppression, with the axis parallel to 
the supraspinatus tendon; and sagittal oblique proton-density-
weighted fast spin-echo with and without fat suppression, with 
the axis perpendicular to the coronal oblique axis. The parameters 
of fast spin-echo sequences: TR ms/TE ms, 2,700-4,800/25-40; 
echo-train length, 6; matrix, 256×256; field of view, 180×180 
mm; section thickness, 2.5 mm with a 2-mm gap. No intravenous 
or intra-articular gadolinium was administered. The following 
MRI parameters were evaluated by a specialist musculoskeletal 
radiologist: degree of tendon retraction (Patte classification [13]), 

fatty infiltration of rotator cuff muscles (Goutallier classification [14]), 
and muscle atrophy (tangent sign [15]) (Supplementary Fig. 1).

Surgical Techniques
The beach chair position was chosen for all patients. The surgeons 
first used a 30° angled arthroscope to build up the posterior entry 
point for intra-articular exploration. The probe was used to evaluate 
the biceps brachii tendon, subscapularis tendon, and labrum. An 
anterior entry point was set up to repair the tendon once any 
tendon tear was viewed. The arthroscope was switched from the 
posterior entrance to the acromion after treatment of intra-articular 
lesions, and the lateral entry point was established for bursectomy. 
Acromioplasty was performed to remove spurs in the case of any 
subacromial spurs. The orthopedic surgeons created a posterolateral 
entry point and converted the arthroscope to this entry point 
in order to evaluate the rotator cuff lesions. The size of the torn 
tendons, including the anteroposterior and mediolateral lengths, 
was measured using a ruler. The orthopedic surgeons released 
the tendons by electrocautery. To increase the healing ability of 
the tendon, a curette was used for debridement at the insertion 
of the rotator cuff tendons with the greater tuberosity. Finally, 
the orthopedic surgeons placed the affected shoulder at 60° of 
abduction for rotator cuff tendon repair. The arthroscopic repair was 
defined as complete or partial repair according to the intraoperative 
conditions through discussion between two orthopedic surgeons. A 
tendon that could be reduced to the inner portion of the footprint 
was defined as reparable (complete repair); otherwise, it was 
defined as irreparable (partial repair).

Statistical Methods
The chi-square test or Fisher exact test was performed to compare 
the differences in categorical variables between the complete 
repair and partial repair patient groups. Continuous variables were 
compared between the two groups using the Mann-Whitney U test. 
In order to test the reliability of the measurements on the Heckmatt 
scale and the hue values of each ROI of the supraspinatus and 
infraspinatus muscles, the weighted Cohen kappa using average 
measures was used to evaluate the inter-rater reliability and intra-
rater reliability. For correlational analysis of the findings of B-mode 
ultrasonography (Heckmatt scale), MRI findings (Patte classification, 
Goutallier classification, and tangent sign) and surgical reparability, 
the Spearman rank correlation was used for continuous variables, 
while point-biserial correlation was used for comparisons of one 
continuous variable versus one dichotomous variable. For imaging 
variables with significant medium or large strengths of association 
with surgical reparability, a receiver operating characteristic (ROC) 
curve analysis of the surgical reparability of large-to-massive 
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Estimation of Sample Size
We estimated the sample size for ROC analysis on the basis of a 
previous study [16]. Approximately half of the large-to-massive 
RCTs were repaired completely, so the ratio of partial repairs to 

RCTs was conducted to calculate the area under the curve (AUC). 
A P-value less than 0.05 was defined as indicating statistical 
significance. The statistical analyses were performed using SAS 
software version 9.4 (SAS Institute Inc., Cary, NC, USA).

Fig. 2. Assessment of the echogenicity of the supraspinatus muscle (SSP) using the Heckmatt scale. 
Grading was as follows: grade 1, normal (A); grade 2, increased muscle echo intensity with distinct bone echo (B); grade 3, markedly 
increased muscle echo with reduced bone echo (C); and grade 4, very strong muscle echo and complete loss of bone echo (D). Arrowheads 
indicate bone. 

A B

SSP
SSP

C D

SSP
SSP
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complete repairs was assumed to be 1 [17]. We assumed that 
(1) type I error=0.05, (2) type II error=0.2, and (3) an acceptable 
discrimination of 0.7; the resulting sample size was calculated to be 
62.

Results

Baseline Characteristics
There were 32 participants (18 men and 14 women) in the 

Fig. 3. Assessment of the echogenicity of the infraspinatus muscle (ISP) using the Heckmatt scale. 
Grading was as follows: grade 1, normal (A); grade 2, increased muscle echo intensity with distinct bone echo (B); grade 3, markedly 
increased muscle echo with reduced bone echo (C); and grade 4, very strong muscle echo and complete loss of bone echo (D). Arrowheads 
indicate bone. 

A B

ISP
ISP

C D

ISP

ISP
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complete repair group and 18 participants (11 men and 7 women) 
in the partial repair group. The elderly (aged older than 65 years) 
accounted for 16 out of 32 participants in the complete repair 
group and 14 out of 18 participants in the partial repair group. 
No statistically significant differences in the baseline characteristics 
existed between the complete repair and partial repair groups (Table 1).

Intra-rater and Inter-rater Reliability
The investigators selected 25 patients to test the reliability of 
B-mode ultrasonography for assessing the muscle echogenicity of 
the supraspinatus and infraspinatus muscles. Table 2 shows the 
intra-rater and inter-rater reliability of B-mode ultrasonography, 
which were good to excellent for both the supraspinatus and 
infraspinatus muscles.

Distribution of MRI and B-Mode Ultrasound Parameters
The percentage of patients with later stage/grades of the Patte 
classification and Goutallier classification was higher in the partial 
repair group than in the complete repair group. The percentage of 
a positive tangent sign of the partial repair group also outweighed 
that of the complete repair group. Similarly, the percentage of a 
later grade of the Heckmatt scale of both the supraspinatus and 
infraspinatus muscles was higher in the partial repair group than in 
the complete repair group. The distribution of imaging parameters is 
presented in Table 3.

Predictive Validity of Image Predictors
The effect sizes of the correlation coefficients between B-mode 
ultrasound findings and MRI findings were medium to large (r=0.4-

0.8) (Table 4). The ROC curves for each MRI and B-mode predictor 
were plotted, as shown in Fig. 4. The AUC of each image predictor 
ROC curve is presented in Table 5. Among the MRI predictors, the 
Goutallier classification of the infraspinatus muscle had the best 
discriminative power for surgical reparability (AUC, 0.89; 95% 
confidence interval [CI], 0.81 to 0.98; sensitivity, 0.67; specificity, 
0.94), with a cutoff value of 2. Among the ultrasound predictors, the 
Heckmatt scale for the infraspinatus muscle was the most accurate 
in terms of predicting surgical reparability (AUC, 0.85; 95% CI, 0.74 
to 0.96; sensitivity, 0.67; specificity, 0.91), with a cutoff value of 3. 
However, there were no significant differences in the AUC among 
the MRI and ultrasound predictors.

We presented the B-mode ultrasound images, MRI, and 
arthroscopic images together to facilitate better clinical correlation. 
A case with less fatty infiltrated rotator cuff muscles was completely 
repaired (Fig. 5), while a case with greater fatty infiltrated rotator 
cuff muscles was only partially repaired through superior capsular 
reconstruction (Fig. 6).

Discussion

The present study evaluated the reliability and validity of B-mode 
ultrasonography when applied for the preoperative evaluation of 
large-to-massive RCTs. The intra-rater and inter-rater reliabilities 
of B-mode ultrasonography were good to excellent for evaluation 
of the supraspinatus and infraspinatus muscles. The strengths of 
the correlations among predictors of B-mode ultrasonography and 
MRI were medium to large. ROC analysis showed that B-mode 
ultrasonography had as good a predictive validity as MRI for surgical 
reparability.

Analyses of the association between preoperative MRI evaluation 
and surgical reparability of large-to-massive RCTs have been 
conducted in previous studies [7-9,18,19]. Jain et al. [20] confirmed 
the reliability of shoulder MRI assessment of rotator cuff muscles, 
and high inter-rater and intra-rater reliabilities for most findings 
on shoulder MRI were observed. The tear size was found to predict 

Table 2. Intra-rater reliability and inter-rater reliability of the 
Heckmatt scale for the supraspinatus and infraspinatus muscles 
(n=25)

Weighted kappa (95% CI)
Intra-rater 
reliability 

(examiner A)

Intra-rater 
reliability 

(examiner B)

Inter-rater 
reliability 
(A vs. B)

Supraspinatus muscle 0.78 (0.61-0.94) 0.90 (0.79-1.00) 0.84 (0.71-0.97)

Infraspinatus muscle 0.96 (0.89-1.00) 0.93 (0.85-1.00) 0.91 (0.81-1.00)

CI, confidence interval.

Table 1. Baseline characteristics of the participants

Characteristic
Complete repair 

(n=32)
Partial repair 

(n=18)
P-value

Sex (male:female) 18:14 11:7 0.971

Affected side (right:left) 24:8 12:6 0.763
Duration of symptoms 
(≤12 months: >12 months)

23:9 12:6 0.949

Age (≤65 years: >65 years) 16:16 4:14 0.074

Age (year), mean (range) 64.9 (53-77) 68.5 (60-75) -

BMI 26.08±4.35 24.58±2.44 0.221

Flexion ROM 131.25±39.02 137.22±42.19 0.530

Abduction ROM 120.38±41.45 125.56±36.34 0.808

Internal rotation ROM 61.41±29.52 61.11±32.02 0.949

External rotation ROM 64.38±28.70 62.22±30.01 0.924

Preoperative UCLA scale 19.74±7.08 20.16±6.61 0.984
BMI, body mass index; ROM, range of motion; UCLA, University of California at Los 
Angeles.
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the surgical reparability in three studies [7-9], with varying cutoff 
values of the mediolateral and anteroposterior length. In one study, 
irreparable tendons were usually seen in cases with a medially-
retracted tendon stump [19]. Fatty infiltration of the supraspinatus 
and infraspinatus muscles has been confirmed to be an important 
marker for predicting surgical reparability [7,19]. A recent study 
demonstrated that the Goutallier classification, tangent sign, and 
Patte classification possessed a superior ability to predict the 
reparability of massive RCTs [18], and the discrimination of this 

model was excellent.
Recently, clinicians have used B-mode ultrasonography to predict 

the surgical reparability of RCTs, which was found to be related 
to the size of the tear and patient age [21]. A preliminary report 
demonstrated the predictive power of B-mode ultrasonography, 
although the enrolled cases were not specifically limited to large-
to-massive RCTs. Khoury et al. [10] found a good correlation 

Table 3. Distribution of MRI and B-mode ultrasound parameters 
between the complete and partial repair groups

MRI parameter
Complete repair 

(n=32)
Partial repair 

(n=18)
P-value

Patte classification

Stage 1 8 0 0.001

Stage 2 16 4

Stage 3 8 14
Goutallier classification, 
supraspinatus

Grade 0 3 0 0.009

Grade 1 5 1

Grade 2 15 3

Grade 3 8 9

Grade 4 1 5
Goutallier classification, 
infraspinatus

Grade 0 7 1 <0.001

Grade 1 11 0

 Grade 2 12 5

Grade 3 2 5

Grade 4 0 7

Tangent sign

Positive 10 16 <0.001

Negative 22 2

B-mode ultrasound parameters

Heckmatt scale, supraspinatus

Grade 1 14 2 0.002

Grade 2 10 2

Grade 3 8 11

Grade 4 0 3

Heckmatt scale, infraspinatus

Grade 1 14 1 <0.001

Grade 2 15 5

Grade 3 0 7

Grade 4 3 5

MRI, magnetic resonance imaging.

Table 4. Correlations between MRI findings and B-mode 
ultrasound findings in patients with large-to-massive rotator 
cuff tears (n=50)

Ultrasound
Heckmatt scale, 
supraspinatus

Heckmatt scale, 
infraspinatus

MRI

Patte classification 0.46 0.51

P-value 0.001 <0.001

Goutallier classification, supraspinatus 0.80 0.55

P-value <0.001 <0.001

Goutallier classification, infraspinatus 0.65 0.80

P-value <0.001 <0.001

Tangent sign 0.52a) 0.40a)

P-value <0.001 0.004
MRI, magnetic resonance imaging.
a)Point-biserial correlation.

Fig. 4. Receiver operating characteristic (ROC) curves for surgical 
reparability for different imaging predictors. 
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Fig. 5. A 57-year-old man with relatively low fatty infiltration of the rotator 
cuff muscles. 
A. B-mode ultrasonography shows the supraspinatus muscle (SSP), Heckmatt 
scale grade 1. B. B-mode ultrasonography shows the infraspinatus muscle 
(ISP), Heckmatt scale grade 1. C. Magnetic resonance imaging parameters 
determined on coronal oblique proton-density-weighted sequences are 
as follows: Patte classification stage 1, negative tangent sign, Goutallier 
classification of supraspinatus grade 2, Goutallier classification of infraspinatus 
grade 1. D. Arthroscopy shows the torn tendon. E. Arthroscopic results show 
suture bridge repair with double rows for large tear of supraspinatus tendon 
(tear size: 2×3 cm). 
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Fig. 6. A 58-year-old woman with extensive fatty infiltration of the rotator 
cuff muscles.
A. B-mode ultrasonography shows the supraspinatus muscle (SSP), Heckmatt 
scale grade 3. B. B-mode ultrasonography shows the infraspinatus muscle 
(ISP), Heckmatt scale grade 4. C. Magnetic resonance imaging parameters 
determined on coronal oblique proton-density-weighted sequences are 
as follows: Patte classification stage 3, positive tangent sign, Goutallier 
classification of supraspinatus grade 3, Goutallier classification of infraspinatus 
grade 4. D. Arthroscopy shows the torn tendon. E. Arthroscopic results show 
superior capsular reconstruction with an acellular dermal allograft for massive 
tear of the supraspinatus and infraspinatus tendons (tear size: 3.8×3.1 cm). 

A B

SSP

ISP

C

SSP

ISP

[RP] [LA]

[H]

[F]
D

Humeral head

Tendon stump

E

Graft

http://www.e-ultrasonography.org


Po-Cheng Chen, et al.

186  Ultrasonography 41(1), January 2022 e-ultrasonography.org

between B-mode ultrasound and MRI findings for the assessment 
of supraspinatus muscle atrophy and fatty infiltration. However, the 
echogenicity of the supraspinatus muscles was graded in reference 
to the surrounding trapezius muscles. The echogenicity of the 
surrounding bones was less variable than that of the surrounding 
muscles (trapezius), implying that the surrounding bone might 
be a good reference for grading the echogenicity of rotator cuff 
muscles. The muscle echogenicity increased and became similar to 
the echogenicity of the surrounding bones after the muscle atrophy 
and fatty infiltration occurred. Heckmatt et al. [12] advocated a 
grading system to evaluate the intensity of the echo reflected from 
the muscles. This grading system has been widely used in patients 
with neuromuscular or upper motor neuron disorders, and its 
reliability has been examined among patients with cerebral palsy, 
inclusion body myositis, or spasticity [22-24]; however, it has 
rarely been applied to evaluate muscle echogenicity in orthopedic 
patients. Although the patients in our series were quite different 
from those with neuromuscular or upper motor neuron disorders, 
muscle atrophy and fatty infiltration of rotator cuff muscles usually 
occur in the later stages of large-to-massive RCTs, and it was 
therefore considered reasonable to evaluate the degree of muscular 
change according to the Heckmatt scale. The investigators in the 
present study also examined the reliability of the Heckmatt scale for 
assessing rotator cuff muscles, and found good the intra-rater and 
inter-rater reliabilities.

Both MRI and B-mode ultrasonography showed higher predictive 
ability for the infraspinatus muscle (Table 5). A possible explanation 
for this finding might be that the infraspinatus muscle plays a 
more important role than the supraspinatus muscle in the surgical 
reparability of massive RCTs. Furthermore, Kim et al. [18] provided 
support for this possibility in their study using MRI to predict the 
surgical reparability of massive RCTs. Another study also confirmed 
the importance of infraspinatus fatty infiltration in massive RCTs 
[25]. A higher degree of fatty infiltration of the infraspinatus muscle, 

rather than the supraspinatus muscle, seems to be the best indicator 
of poor muscle quality.

To the authors’ knowledge, this was the first study to predict the 
surgical reparability of large-to-massive RCTs using quantitative 
data from B-mode ultrasonography. B-mode ultrasonography is 
more available than MRI in clinical settings, and its cost is lower. The 
reliability of B-mode ultrasonography was found to be good, and 
the predictive validity of B-mode ultrasonography for the surgical 
reparability of large-to-massive RCTs was similar to that of MRI. 

Nevertheless, this study had some limitations. First, the number of 
included patients was smaller than the estimated sample size, but 
a post hoc power analysis of the ROC curve for the Heckmatt scale 
for the supraspinatus and infraspinatus muscles indicated sufficient 
results (96.6% and 98.8%, respectively). Second, the imaging 
quality of B-mode ultrasonography was operator-dependent and 
liable to interpretive error. Fortunately, the resolution and imaging 
quality of B-mode ultrasonography has improved greatly with 
advances in technology, and therefore the probability of interpretive 
error has become less and less. Besides, the grading system of the 
Heckmatt scale is relatively objective and easy for physicians to 
learn. Third, a preoperative evaluation via B-mode ultrasonography 
should be performed by specialized physicians, who cannot be 
easily substituted by other clinical staff. This may be a barrier 
to further clinical application in some hospitals. Finally, further 
health economics research should be conducted to prove the cost-
effectiveness of this analytical method.

In conclusion, B-mode ultrasonography was found to be a reliable 
examination tool with good intra-rater and inter-rater reliabilities. 
B-mode ultrasonography had a similar predictive ability of surgical 
reparability to that of MRI in patients with large-to-massive RCTs.
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Table 5. Clinical, MRI, and ultrasound predictors for the ROC models associated with reparability
ROC model AUC Wald 95% CI Sensitivity Specificity Cutoff value

MRI predictor

Patte classification 0.79 0.68-0.90 0.78 0.75 >2

Goutallier classification, supraspinatus 0.79 0.66-0.91 0.78 0.72 >2

Goutallier classification, infraspinatus 0.89 0.81-0.98 0.67 0.94 >2

Tangent sign 0.79 0.68-0.90 0.89 0.69 -

Ultrasound predictor

Heckmatt scale, supraspinatus 0.79 0.66-0.92 0.78 0.75 >2

Heckmatt scale, infraspinatus 0.85 0.74-0.96 0.67 0.91 >3

MRI, magnetic resonance imaging; ROC, receiver operating characteristic; AUC, area under the curve; CI, confidence interval.
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