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Objective: To evaluate the clinical efficacy of a novel quantitative method using
the Picture Archiving and Communication System (PACS) for multiplane
assessment of supraspinatus muscle fatty infiltration (FI) and compare its
reliability and accuracy with traditional single-plane visual evaluations (Under
Direct Vision-FF) in preoperative planning for rotator cuff tear (RCT) patients.
Methods: A retrospective analysis was conducted on patients undergoing
arthroscopic rotator cuff repair (ARCR) between January and June 2023.
Preoperative 3.0 T MRI scans were analyzed using PACS to measure Fl in three
sagittal planes (medial, Y-plane, lateral). Four orthopedic surgeons performed
Goutallier classification and manual Fl assessments under direct vision and via
PACS. Intra- and interobserver reliability were evaluated using intraclass
correlation coefficients (ICCs), while Bland-Altman analysis and paired t-tests
compared measurement consistency and differences.

Results: PACS-based measurements (PACS-FF) demonstrated superior reliability
(intraobserver ICC: 0.973-0.996; interobserver ICC: 0.940-0.978) compared to
direct vision assessments (intraobserver ICC: 0.538-0.967; interobserver ICC:
0.864-0.940). Significant discrepancies were observed between methods,
with direct vision underestimating Fl (p<0.05-0.0001). Multiplane analysis
revealed heterogeneous Fl distribution, with lateral-plane FI significantly higher
than medial and Y-plane values (p<0.001). Bland-Altman analysis showed
60%—-85% of direct vision measurements exceeded clinically acceptable limits
of agreement (+10%).

Conclusions: Quantitative multiplane PACS-based Fl assessment improves
accuracy and reliability over traditional single-plane visual evaluation, better
reflecting heterogeneous fat distribution in the supraspinatus muscle. This
method enhances preoperative risk stratification and surgical outcome
prediction for RCT patients. Future integration of automated tools may further
optimize clinical efficiency.

KEYWORDS

fatty infiltration, PACS (picture archiving and communication system), preoperative
assessment, rotator cuff tear (RCT), supraspinatus (SSP)
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1 Introduction

Rotator cuff injury is one of the most prevalent disorders of the
musculoskeletal system, primarily characterized by shoulder pain
and functional impairment. Epidemiological studies have
demonstrated that the incidence of rotator cuff injury increases
progressively with age (1, 2). For patients who do not respond to
conservative treatment, surgical intervention often becomes the
preferred therapeutic strategy. Arthroscopic rotator cuff repair
(ARCR) is currently the most commonly employed surgical
technique for treating rotator cuff tears in clinical practice. By
reattaching the torn tendon to the proximal humerus using
sutures, ARCR can yield satisfactory clinical outcomes (3-7).

However, postoperative re-tear remains a significant concern,
particularly in cases involving large to massive rotator cuff tears,
where the re-tear rate may be as high as 94% (6, 8). Tendon
repair failure can result in unfavorable clinical outcomes and
may even increase the risk of secondary osteoarthritis (9).
Multiple studies have established a strong association between
the degree of preoperative rotator cuff fatty infiltration and the
risk of postoperative re-tear. Specifically, rotator cuffs with more
advanced fatty infiltration are significantly more likely to
experience re-tear than those with minimal infiltration (2, 10).
Recent research has shown that fatty infiltration of the
supraspinatus muscle is an independent risk factor for rotator
cuff re-tear. The severity of muscle fatty infiltration is closely
related to the risk of re-tear, and this correlation is particularly
significant in the supraspinatus (11, 12).

Fatty infiltration and muscle atrophy are both common
pathological changes in rotator cuff injuries. Therefore, accurate
preoperative evaluation of fatty infiltration is critical for
optimizing treatment planning, predicting surgical outcomes, and
guiding postoperative rehabilitation. The grading system for fatty
infiltration was nitially proposed by Goutallier et al. in 1994
based on axial computed tomography (CT) imaging. This system
classifies fatty infiltration into five stages: Stage 0 indicates
normal muscle without fatty infiltration; Stage 1 shows a few
intramuscular fat streaks; Stage 2 indicates more muscle than fat;
Stage 3 represents an equal amount of muscle and fat; and Stage
4 is characterized by more fat than muscle. With advances in
magnetic resonance imaging (MRI), Fuchs et al. adapted this
classification system for use with MRI, which has since become
widely accepted in clinical practice (13, 14).

Currently, fatty infiltration is most commonly assessed using
the Goutallier (GC), which fatty

infiltration semi-quantitatively on scapular Y-view images from

classification evaluates
oblique sagittal MRI scans. The scapular Y-view refers to the
characteristic Y-shaped appearance of the scapula and spine on
oblique sagittal MRI slices (15). However, this method is
primarily based on single-slice, semi-quantitative evaluation,
which relies heavily on the anatomical consistency of the selected
image. This single-slice approach fails to account for regional
variations in muscle morphology and may therefore limit the
accuracy of fatty infiltration assessment. Additionally, due to its
semi-quantitative nature, the GC system is highly susceptible to
interobserver variability, with different evaluators potentially
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arriving at inconsistent results. Previous studies have reported
poor interobserver reliability for this method (16, 17).

As a result, there is a need for more accurate and objective
techniques to evaluate fatty infiltration. In previous work, Vidt
et al. compared GC-based fatty infiltration measurements in
scapular Y-view slices with three-dimensional (3D) quantitative
assessments of the entire rotator cuff muscle. They found that
single-slice evaluations did not adequately reflect the 3D
distribution of fatty infiltration (18). Nevertheless, while 3D
methods offer improved accuracy, they are often limited in clinical
settings due to their technical complexity and operational demands.

To improve upon existing limitations, recent research has
explored advanced MRI techniques for quantifying muscle fat
content. Notably, chemical shift-based water-fat separation imaging
techniques, such as IDEAL and Dixon, have shown considerable
promise. These quantitative MRI methods allow for objective,
of fat
volumetric accuracy compared to traditional approaches. However,

continuous measurement content, offering superior
their widespread clinical use is hindered by the need for specialized
imaging sequences, increased scanning time, and higher costs—
factors that restrict implementation in routine clinical practice,
especially in high-throughput or resource-limited settings (19-22).
Based on this background, the present study proposes a novel
method for the quantitative assessment of rotator cuff fatty
infiltration. This method involves measuring muscle fat content
directly using the Picture Archiving and Communication System
(PACS) to obtain a more precise evaluation. Specifically, three
sagittal MRI slices encompassing the scapular Y-view—comprising
the central Y-view image and its adjacent medial and lateral slices—
were selected. Fat content was measured in each of the three slices,
and the average value was calculated to serve as a quantitative
indicator of muscle fatty infiltration. The study further compared
this multiplanar average with conventional single-slice measurements

to assess the feasibility and accuracy of this novel approach.

2 Methods
2.1 Patient selection and evaluation

This study is a retrospective analysis involving patients who
underwent arthroscopic rotator cuff repair (ARCR) at the author’s
institution between January 2023 and June 2023. The study
protocol was approved by the institutional review board. All
patients signed a standardized informed consent form during their
hospital stay, stating that their medical data might be used for
educational and research purposes. Patients who had undergone
arthroscopic shoulder surgery were included in the study if they
met the following criteria: (1) preoperative magnetic resonance
imaging (MRI) was performed at our institution; (2) they
underwent arthroscopic single-row or double-row suture bridge
repair; (3) partial or full-thickness tears of the supraspinatus
tendon that were repairable. Exclusion criteria included: (1)
irreparable rotator cuff tear; (2) severe glenohumeral arthritis
(Hamada grade 5); (3) previous surgery on the same shoulder; (4)
revision surgery; (5) loss to follow-up (Figure 1).
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Assessed for eligibility(n=53)

!

Patients not meeting inclusion criteria(n= 26)

* No preoperative MRI examination was
performed at our institution(n=5)

* No rotator cuff injury or Not undergone
single-row or double-row suture bridge repair
via arthroscopy(n=21)

Inclusion(n=27)

Patients who meet the exclusion criteria (n=7)

» Irreparable rotator cuff tear(n=2)

* Severe glenohumeral arthritis (Hamada grade 5)
(n=2)

* Previous surgery on the same shoulder (n=2)

* Revision surgery (n=1)

Eligible for MR testing and data analysis on PACS-FF VS. Under Direct Vision-FF(n=20)

FIGURE 1
Inclusion and exclusion criteria

2.2 MRI protocol and evaluation

MRI examination was performed in all patients using a
3.0 T magnet (GE DISCOVERY MR750W) with an interval
of 4 mm for each sagittal slice (3.0 T scanner; echo time =68 ms;
repetition time = 1,822 ms; flip angle=111° matrix
size = 288 x 256; bandwidth =289 kHz; field of view =150 mmy;
slice thickness=4 mm). The total scan time was approximately
15min (3 T). Measurements were conducted using the Picture
Archiving and Communication System (PACS) program (Kingstar
Winning TWebView 2012) provided by the medical center.

2.3 Assessment of the goutallier
classification by MRI

Firstly, four orthopedic surgeons (a junior resident, a senior

resident, an attending physician, and a chief physician)
independently assessed the Goutallier grade (GY) of the scapular
Y-view images on oblique sagittal MRI scans of the shoulders of
in each subject with rotator cuff injury. Subsequently, the four
surgeons conducted two separate assessments for the same group
of subjects, with a 2-week interval between the evaluations.
A three-plane Goutallier classification was then performed. We
assessed the Goutallier grade on three sagittal planes. Based on
the scapular Y-view, we defined three measurement planes,
which included the scapular Y-view and the approximate mid-
slices on the medial and lateral sides of the Y-view. Due to
individual variations in shoulder anatomy and size, the number
of slices obtained medially and laterally from the Y-view varied
among subjects. To standardize the measurements, in the Y-view

imaging of the shoulder MRI, the medial mid-slice was defined
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as the third slice located 8 mm medial to the Y-view, which is
situated in the medial part of the scapula and is primarily used
to evaluate the muscles and fatty infiltration on the medial side
of the shoulder. The lateral mid-slice was defined as the fourth
or fifth slice located 12 mm or 16 mm lateral to the Y-view,
which displays the midpoint of the Y-view and the lateral end of
the supraspinatus tendon, and is primarily used to evaluate the
muscles and fatty infiltration on the lateral side of the shoulder
(Figure 2). The Goutallier grade of the medial mid-slice was
recorded as GM, and that of the lateral mid-slice was recorded as
GL. The average Goutallier grade (GA) was calculated by taking
the mean of the Goutallier grades from the three planes.

2.4 Fi ratios measured from MRI
examination

In this study, a standardized procedure was employed to assess
the fatty infiltration (FI) score of the supraspinatus muscle.
Initially, the four aforementioned orthopedic surgeons visually
evaluated the degree of fatty infiltration of the supraspinatus
muscle on the scapular Y-view, as well as on the medial and
lateral slices of the oblique sagittal shoulder MRI, and recorded
their preliminary estimates, denoted as FIY, FIM, and FIL,
respectively. Subsequently, each surgeon manually delineated the
contour of the supraspinatus muscle on the three oblique sagittal
slices using the PACS system. The region of interest (ROI) for
the supraspinatus muscle was defined as a 1-2 mm range from
the muscle boundary and fascia, as determined by visual
inspection of the T2-weighted imaging, to ensure that the
peripheral fat of the muscle was excluded from the ROI
(Figure 2). By outlining the entire extent of the supraspinatus
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FIGURE 2

Three-slice levels in a shoulder magnetic resonance imaging oblique sagittal view. (M) The medial mid-slice (Y) The scapular Y-view (L) The lateral
mid-slice [In the figures, the areas A (the area within the green line) and B (the area within the red line) were delineated using the PACS system.
"A" denotes the residual muscle area, while "B" represents the total area of the supraspinatus muscle.].

muscle and its muscular component, the ROI of the supraspinatus
muscle (Ss) and the residual muscle area (Sm) were obtained,
respectively. The difference between Ss and Sm was calculated as
the area of fatty infiltration in the supraspinatus muscle, and the
ratio of Sf to Ss (Sf/Ss) was defined as the fatty infiltration
score (fi) of the supraspinatus muscle. The value of fi multiplied
by 100 was defined as the Fat Fraction (%). [Sf=Ss—Sm;
fi = Sf/Ss; Fat Fraction (%) =fix 100]. The fi value measured on
fiY. Similarly, the
aforementioned procedure was repeated on the medial mid-slice

the scapular Y-view was denoted as
and lateral mid-slice to obtain fiM and fiL, respectively. Finally,
the average value of fiY, fiM, and fiL was calculated to obtain the
final fiA value. Each evaluator performed two independent
measurements with a 2-week interval to ensure the reliability and
reproducibility of the measurement results. All images were
anonymized and randomized to maintain the objectivity and
impartiality of the assessments.

2.5 Statistical analysis

Descriptive quantitative data are presented as mean * standard
deviation (SD), while qualitative data are presented as counts
and percentages. Statistical analyses were performed using SPSS
software or Prism 10 (GraphPad Software). Statistical significance
was set at P<0.05. The statistical significance of the mean
differences between the fatty infiltration scores obtained under
direct vision (Under Direct Vision-FF) and those measured using
the PACS system (PACS-FF) was assessed using paired t -tests.
Bland-Altman plots were used to display the percentage differences
(D%): (Measurement A — Measurement B)/mean of the two
measurements X 100. The limits of agreement (LOA) were
calculated as Mean + 1.96SD; clinically acceptable LOA were defined
as +10% (23). Intraobserver and interobserver reliability were
evaluated using intraclass correlation coefficients (ICCs). The
statistical significance of mean differences in fatty infiltration scores
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between different planes was also assessed using paired t -tests.
ICC values were interpreted as follows: ICCs < 0.50 = poor, 0.50-
0.75 = moderate, > 0.75-0.90 = good, and >0.90 = excellent (23, 24).

3 Results

Between January 2023 and June 2023, 53 patients underwent
arthroscopic shoulder surgery at our institution. Of these, 33
patients were excluded for the following reasons: absence of
preoperative  MRI performed at our institution (n=5), no
supraspinatus tear or not treated with single-row or double-row
suture bridge technique (n=21), irreparable rotator cuff tear
(n=2), severe glenohumeral arthritis (Hamada grade 5) (n=2),
previous surgery on the same shoulder (n=2), and revision
surgery (n=1). The final study cohort consisted of 20 patients
who met the inclusion criteria for arthroscopic rotator cuff repair
(ARCR), including 7 males and 13 females, with a mean age of
60.40 + 13.63 years.

3.1 Differences between under direct
vision-Ff and PACS-Ff measurements

When measuring the fat fraction in three different planes (M,
Y, L) and their averages, the Under Direct Vision-FF values were
higher than the PACS-FF in most patients. The results of the
Paired t-tests demonstrated that Under Direct Vision-FF was
significantly higher than PACS-FF in all three measurement
planes and their averages: M plane (p<0.002), Y plane
(p<0.002), L plane (p<0.05), and the average (p <0.0001). In
terms of the average measurements, Under Direct Vision-FF was
lower than PACS-FF in 90% of average measurements; for the
medial measurements, Under Direct Vision-FF was lower than
PACS-FF in 85% of cases; for the Y-plane measurements, Under
Direct Vision-FF was lower than PACS-FF in 75% of cases; and
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Paired t-tests for under direct vision-FF and PACS-FF in the medial, Y-plane, and lateral supraspinatus muscle.

for the lateral measurements, Under Direct Vision-FF was lower
than PACS-FF in 85% of cases (Figure 3). Furthermore, the
Bland-Altman plot showed poor agreement between Under
Direct Vision-FF and PACS-FF. In most cases, the differences
between Under Direct Vision-FF and PACS-FF exceeded the
clinically acceptable limits of agreement (LOA). For the average,
medial, Y-plane, and lateral measurements, 16 (80%), 17 (85%),
15 (75%), and 12 (60%) data points, respectively, fell outside the
LOA (Figure 4).

3.2 Differences in FF values among various
measurement planes

In all patients, the fat infiltration fraction (FF) of the
supraspinatus muscle was measured in three different planes
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(lateral, Y-plane, and medial), and the results showed a
substantial heterogeneity in the distribution of fat within the
supraspinatus muscle. This finding indicates that the fat
infiltration fraction measured in a single plane may not
accurately reflect the degree of fat infiltration in the entire
supraspinatus muscle. Further paired t-test analysis revealed
that the degree of fat infiltration in the supraspinatus muscle at
the lateral plane was significantly higher than that at the medial
(p<0.001) and the (p<0.001), and fat
infiltration at the Y-plane was also significantly higher than
that at the medial plane (p<0.001) (Figure 5). These results
indicate significant interplanar differences in the degree of

plane Y-plane

fat infiltration in the supraspinatus muscle across different
planes, underscore the importance of multiplane measurements
infiltration in the

in comprehensively assessing fat

supraspinatus muscle.
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Paired t-tests were used to compare the fat fractions in the medial, Y-plane, and lateral aspects of the supraspinatus muscle.
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3.3 Intra- and inter-observer reliability of
under direct vision-FF and PACS-FF
measurements

0.980-0.997
0.981-0.997
0.967-0.995
0.987-0.998

In this study, the intra- and inter-observer reliability of the fat
fraction (FF) measurements obtained under direct vision (Under
Direct Vision-FF) and via the PACS system (PACS-FF) was
evaluated. The results showed that the intra-observer reliability of
Under Direct Vision-FF (ICC range: 0.538-0.967) was moderate
to excellent, but lower than that of PACS-FF (ICC range: 0.973-
0.996) (Tables 1, 2). Additionally, the inter-observer reliability of
Under Direct Vision-FF (ICC range: 0.864-0.940) was

0.992
0.992
0.987
0.995

Observer4

0.137-0.787

0.555-0.914
0.479-0.895
0.696-0.945

Under direct

significantly lower than that of PACS-FF (ICC range: 0.940- Elglnlg

0.978) (see Table). These results indicate that PACS-FF exhibits s|e|S|e

greater reliability and consistency than Under Direct Vision-FF wlelolw

in assessing fatty infiltration of the supraspinatus muscle. § il* go\l\ §|
218]%|8

3.4 Intra- and inter-observer reliability of

the Goutallier classification 58832

Among the four observers, the intra-observer reliability of the
Goutallier classification (ICC range: 0.908-1.000) was excellent,
while the inter-observer reliability (ICC range: 0.876-0.947) was
good to excellent. These results indicate that the Goutallier

Observer3

0.463-0.891
0.651-0.936
0.677-0.941
0.648-0.935

Under direct

classification demonstrates high reliability in assessing fatty Bie el
N | Q| Q|

infiltration of the supraspinatus muscle (Tables 3, 4). S|S|s|s
T o =

DD DD

alq a3

i i T799

4 Discussion g2l g
N

oo o <o

The relationship between rotator cuff muscle fatty infiltration

0.985
0.995
0.979
0.993

and postoperative re-tear rates, as well as shoulder function, has

been well established by numerous studies (25-27). However, the

Observer2

accuracy of current methods used to assess rotator cuff muscle - 388k
fatty infiltration remains a key topic of discussion among § i i z i
researchers. Most previous studies have relied on Goutallier T § I f 5
grading or fat fraction measurement using a single imaging g
plane, which often fails to provide a comprehensive assessment 5 32 %2
of the entire supraspinatus muscle. As a result, such evaluations slel°|°
may not accurately reflect the overall muscle quality. Moreover, w | e lonl e
assessments based on a single slice are highly dependent on the IR
evaluator’s experience and the selected section. In routine clinical g %I‘ §I g
(=R )

practice, judgments regarding the severity of supraspinatus
muscle fatty infiltration are often made under direct visual

O o N
estimation—a method that is subjective and lacks both objectivity § § § E §
and accuracy (13, 14, 28-31). Therefore, this study compared am‘,
measurements obtained using the PACS system with those made 8 5 g @ § S
under direct visual inspection, aiming to highlight the advantages 9 ; ; ; ;
of PACS-based evaluation in clinical settings. In addition to the 'E Zlzlgls
traditional scapular Y-view, medial and lateral mid-slices were %
incorporated to achieve a more comprehensive multiplanar 5 AR
assessment. The results revealed a heterogeneous distribution of 11T
fat across the supraspinatus muscle. This supports the view that e
evaluation based on a single plane is insufficient for capturing § é §

=<

TABLE 1 Intraobserver agreement of uder direct vision-FF and PACS-FF.

the true extent of fatty infiltration.
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TABLE 2 Interobserver agreement of uder direct vision-FF and PACS-FF.

Under direct vision PACS
95%Cl 95%Cl
Medial 0.864 0.755-0.936 0.940 0.886-0.973
Y 0.932 0.871-0.969 0.980 0.960-0.991
Lateral 0.904 0.822-0.956 0.963 0.929-0.983
Average 0.940 0.887-0.973 0.978 0.957-0.990

To our knowledge, few studies have conducted quantitative
multiplanar evaluations of supraspinatus fatty infiltration using
the PACS system. This study employed a robust analytical
Bland-Altman
agreement analysis, and intra- and inter-observer reliability

approach, including numerical comparisons,
assessments. The most important finding was the significant
discrepancy between the two assessment methods: measurements
obtained under direct vision consistently yielded lower fat
fraction values than those obtained using PACS. Notably, in 60%
to 85% of cases, the difference exceeded the clinically acceptable
margin of 10%, suggesting that direct visual assessment may lead
to underestimation of the true fat content.

A review of the measurement process revealed that fatty
infiltration of the muscle often progresses from the periphery of
the muscle to the interior. Therefore, in the evaluated images, for
the fat
predominantly located in the outer layers of the muscle, while

example, in oblique sagittal section, tissue  is
muscle tissue is distributed as a whole in the center of the
supraspinatus fossa. Consequently, when measuring under direct
vision, the area of peripheral fat tissue is often underestimated,
while the area of internal muscle tissue is overestimated, resulting
in an underestimation of the degree of fatty infiltration under
direct vision.

Previous studies have demonstrated that preoperative fatty
infiltration is a critical prognostic factor affecting both surgical
14, 32). Therefore,

accurate preoperative evaluation is essential for effective surgical

outcomes and functional recovery (13,

planning and outcome prediction.

It is worth noting that differences in the degree of fatty
infiltration across different planes may be related to the uneven
distribution of fat within the muscle following rotator cuff tears
(29). In some basic scientific research studies, the rationale for
using a single image to assess fatty infiltration throughout the
entire muscle has been challenged. In clinical and animal studies,
infiltrated fat has been shown to be predominantly distributed
near the site of the tear rather than throughout the entire muscle
belly (33-36). Similarly, in the measurements taken in this study,

TABLE 3 Intraobserver agreement of goutallier.

10.3389/fsurg.2025.1627901

the degree of fatty infiltration in the lateral muscle was
significantly greater than that in the traditional Y-plane
and medial plane. Particularly in cases of muscle injury, the
retraction of the tendon-muscle junction may lead to the
conclusion that assessing the degree of fatty infiltration in
the supraspinatus muscle based on a single plane is insufficient
to represent the severity of fatty infiltration throughout the entire
supraspinatus muscle.

Another important finding is the excellent reliability of PACS
measurements, especially in terms of inter-observer consistency. The
intra- and inter-observer reliability of PACS system measurements
(intra-class correlation coefficients, ICCs, ranging from 0.973 to
0.996 and 0.940 to 0.978, respectively) was significantly superior
to that of direct vision (ICCs ranging from 0.538 to 0.967 and 0.864
to 0.940, respectively). This result indicates that the assessment of
fatty infiltration using the PACS system is more reproducible and
reliable than that made under direct vision.

Interestingly, regardless of whether the assessment of fatty
infiltration was made under direct vision or using the PACS
system, the intra- and inter-observer consistency in the Y-plane
was superior to that in the medial and lateral planes. The reason
may be that the Y-plane is the section that displays the largest
area of the supraspinatus fossa. The supraspinatus muscle is
relatively regular in this plane, especially in cases with severe
fatty infiltration, where the shape of the supraspinatus muscle in
the Y-plane is more regular compared to the other two planes.
This finding also corroborates, from another perspective, why the
degree of fatty infiltration in the supraspinatus muscle is
traditionally assessed in a single Y-plane.

Moreover, by comparing the intra-class correlation coefficients
for intra- and inter-observer measurements using the PACS system,
we found that the inter-observer ICC values were somewhat lower.
This phenomenon may be related to differences among measurers
in delineating the extent of the supraspinatus muscle during the
measurement process. During the measurement process, we
found that there was little difference among measurers in the
measurement values of the internal muscle area, but there were
significant differences in the measurement values of the entire
supraspinatus muscle extent. In normal supraspinatus muscles,
the boundary between the supraspinatus muscle and surrounding
bone and soft tissues is relatively clear, which allows for more
(ROI) and
measurement of fatty infiltration. However, in supraspinatus

accurate definition of the region of interest

muscles with fatty infiltration or tears, the boundary between the
muscle and surrounding tissues is unclear due to the interference

of surrounding inflammation, edema signals, and muscle

Observerl Observer2 Observer3 Observer4
95%ClI 95%ClI 95%ClI ICC 95%Cl
Medial 0.953 0.866-0.981 1 1 0.884 0.730-0.952 1 1
Y 1 1 0.946 0.870-0.978 0.855 0.670-0.940 0.948 0.874-0.979
Lateral 0.966 0.916-0.986 0.908 0.782-0.962 0.973 0.934-0.989 0.975 0.938-0.990
Average 0.974 0.935-0.989 0.974 0.935-0.989 0.929 0.829-0.971 0.988 0.970-0.995
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TABLE 4 Interobserver agreement of goutallier.

Pane _____icc

95%Cl
Medial 0.876 0.775-0.943
Y 0.947 0.900-0.976
Lateral 0.919 0.849-0.963
Average 0.945 0.896-0.975

retraction itself, which affects the delineation of the ROI and, in
turn, affects the assessment of the Goutallier classification and
fatty infiltration of the supraspinatus muscle. Therefore, how to
accurately define the exact extent of the supraspinatus muscle
remains an important problem that needs to be solved.

In addition, we also conducted an observer consistency analysis
of the Goutallier classification. The results showed that the intra-
and inter-observer consistency (intra-class correlation coefficients,
ICCs, ranging from 0.908 to 1.000 and 0.876 to 0.947,
respectively) indicated that the Goutallier classification has good
reproducibility and reliability across different planes. However,
similar to the differences in the degree of fatty infiltration of the
supraspinatus muscle measured in different planes using the
PACS system, the Goutallier classification also showed significant
differences across different planes. This result once again
highlights the uneven distribution of fat in torn muscles, and
suggests that a single plane cannot represent the degree of fatty
infiltration throughout the entire supraspinatus muscle.

Existing studies have shown that preoperative fatty infiltration is
an important prognostic factor affecting surgical outcomes and
functional recovery (13, 37-39) In a retrospective study by Melis
et al, a total of 1,668 patients were included, and the results
showed that the higher the degree of fatty infiltration of the
supraspinatus muscle, the earlier the symptoms appeared. The
study pointed out that rotator cuff repair surgery should be
performed before fatty infiltration occurs, to avoid muscle quality
degradation and poor repair outcomes due to fatty infiltration (40).
In addition, a study by Goutallier et al. involving 220 patients with
open rotator cuff tears repaired using the bone tunnel suture
technique found that when the Global Fatty Degeneration Index
(GFDI) exceeded 2, the re-tear rate significantly increased (36).
A review article by David et al. also pointed out that an increase in
the degree of fatty infiltration is closely related to a higher re-tear
rate and worse functional prognosis (41). These studies all
emphasize the important role of fatty infiltration in anatomical
failure and functional recovery after rotator cuff repair surgery.

The Goutallier score was originally used to estimate the
proportion of fatty infiltration using a single CT slice (13, 14).
Traditionally, the scapular Y-plane slice in oblique sagittal MRI of
the shoulder has been widely used to assess the degree of fatty
infiltration in the supraspinatus muscle. However, in recent years,
studies have questioned the effectiveness of this method (40, 42).
Studies have shown that the traditional single-slice method may
not accurately reflect the degree of fatty infiltration throughout the
entire supraspinatus muscle and may even produce misleading
results. Similar to our study findings, although the traditional
Y-plane has reliable bony landmarks, it fails to capture
morphological changes in other locations, especially at the tendon-
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muscle junction. Therefore, the relatively lateral position of the
scapular Y-plane slice may not well represent the entire muscle.

In addition, the lateral slice may overestimate fatty infiltration in
the rotator cuff muscle, and when the rotator cuff muscle is injured,
the slice may be affected by the retraction of the tendon-muscle
junction. Studies have also shown that the distribution of fatty
infiltration in the muscle belly is non-uniform, which also
questions the rationale for using a single image to assess fatty
infiltration (12, 42-46). Vidt et al. questioned whether the
traditional single-slice method can accurately reflect the degree of
fatty infiltration throughout the entire supraspinatus muscle. They
that the traditional to biased
measurement results. The main reason is that the relatively lateral

believe method may lead
position of the scapular “Y” plane slice may not fully represent the
degree of fatty infiltration in the entire supraspinatus muscle. In
addition, slices close to the scapula may overestimate fatty
infiltration in the rotator cuff muscle during measurement.
Moreover, when the rotator cuff muscle is injured, the slice may
also be affected by the retraction of the tendon-muscle junction,
which further affects the accuracy of the measurement results (18).

It can be seen that single-plane fatty infiltration measurements
may lead clinicians to erroneous conclusions. Compared with
single-plane assessment of fatty infiltration in the supraspinatus
muscle, multiplane assessment is particularly important in
clinical settings. Multiplane assessment can reflect the degree of
infiltration in different parts of the supraspinatus muscle and
better represent the degree of infiltration throughout the entire
muscle. Therefore, multiplane measurement of fatty infiltration
using the PACS system can better reflect the overall muscle
quality. At the same time, because the PACS system has
high intra- and inter-observer reliability, its measurements
significantly reduce subjective bias. Thus, measuring fatty
infiltration across multiple planes of the supraspinatus muscle
using the PACS system is of greater clinical significance.

However, in a busy clinical setting, quantitative measurement
of multiplanar fatty infiltration using the PACS system not
only increases the workload of clinicians but also requires
diagnosticians to have a clear understanding of shoulder anatomy
on MRI. Moreover, PACS-based measurements currently only
assess the degree of fat infiltration in the outer areas of the
muscle and are unable to accurately measure fat infiltration
within the muscle itself.

5 Conclusion

PACS-based  FI
significantly improves accuracy and reliability in detecting

Quantitative ~ multiplane assessment
heterogeneous fat distribution within the supraspinatus muscle
compared to traditional single-plane visual evaluation. This
enhanced diagnostic capability translates to better preoperative
risk stratification and surgical outcome prediction for rotator cuff
tear (RCT) patients. However, the adoption of this more complex
method must be balanced against the practical challenges it
presents in clinical workflows, including potentially increased
resource requirements, time commitment, and the need for
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specialized expertise or technology. Future developments, such as
the integration of automated tools, hold promise for mitigating
these challenges and optimizing the method’s clinical efficiency.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Shanghai
Pudong Hospital (Fudan University Pudong Medical Center). The
studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study.

Author contributions

SZ: Investigation, Methodology, Software, Visualization,
Writing - original draft. YH: Conceptualization, Data curation,
Methodology, Writing - original draft. JH: Formal analysis,
Investigation, Methodology, Writing - original draft. SL: Data
curation, Investigation, Methodology, Writing - review & editing.
BQ: Formal analysis, Supervision, Validation, Writing - review &
editing. WW: Conceptualization, Formal analysis, Supervision,
Writing - review & editing. MC: Data curation, Formal analysis,
Investigation, Methodology, Writing - review & editing. QW:
Methodology,

Validation, Writing — review & editing.

Funding acquisition, Resources, Supervision,

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. The study was supported

References

1. Fehringer EV, Sun ], VanOeveren LS, Keller BK, Matsen FA. Full-thickness
rotator cuff tear prevalence and correlation with function and co-morbidities in
patients sixty-five years and older. J Shoulder Elbow Surg. (2008) 17(6):881-5.
doi: 10.1016/j.jse.2008.05.039

2. McElvany MD, McGoldrick E, Gee AO, Neradilek MB, Matsen FA. Rotator
cuff repair: published evidence on factors associated with repair integrity and
clinical outcome. Am ] Sports Med. (2015) 43(2):491-500. doi: 10.1177/
0363546514529644

3. Lapner P, Henry P, Athwal GS, Moktar J, McNeil D, MacDonald P, et al.
Treatment of rotator cuff tears: a systematic review and meta-analysis. J Shoulder
Elbow Surg. (2022) 31(3):e120-9. doi: 10.1016/j.jse.2021.11.002

4. Maffulli N, Nilsson Helander K, Migliorini F. Tendon appearance at imaging may
be altered, but it may not indicate pathology. Knee Surg Sports Traumatol Arthrosc.
(2023) 31(5):1625-8. doi: 10.1007/500167-023-07339-6

5. Huri G, Popescu IA, Rinaldi VG, Marcheggiani Muccioli GM. The evolution of
arthroscopic shoulder surgery: current trends and future perspectives. J Clin Med.
(2025) 14(7):2405. doi: 10.3390/jcm14072405

Frontiers in Surgery

10.3389/fsurg.2025.1627901

by the Science and Technology Development Fund of Shanghai
Pudong New Area (Grant No. PKJ2022-Y48), Shanghai Pudong
Hospital (YJYJRC3202107), The Sports Medicine Specialized
Shanghai Pudong Hospital (Zdzk2020-03), The 2022 Health
Science and Technology Project of the Health Commission of
Pudong New Area (PW2022A-48), New Quality Clinical Specialty
Program of High-end Medical Disciplinary Construction in
Shanghai Pudong New Area (2024-PWXZ-14), the Program of
Key Medicine of Shanghai Municipal Health Commission
(2024ZDXK0031), the joint research project of Pudong Health
Committee of Shanghai (Grant No. PW2021D-08), the Fudan
Zhangjiang  Clinical Medicine Innovation Fund project
(KP9202101), the Outstanding Leaders Training Program of
Pudong Health Committee of Shanghai (Grant No. PWRI2021-01).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

6. Millett PJ, Warth RJ, Dornan GJ, Lee JT, Spiegl UJ. Clinical and structural
outcomes after arthroscopic single-row versus double-row rotator cuff repair: a
systematic review and meta-analysis of level I randomized clinical trials. J Shoulder
Elbow Surg. (2014) 23(4):586-97. doi: 10.1016/j.jse.2013.10.006

7. Biz C, Vinanti GB, Rossato A, Arnaldi E, Aldegheri R. Prospective study of three
surgical procedures for long head biceps tendinopathy associated with rotator cuff
tears. Muscles Ligaments Tendons ]. (2012) 2(2):133-6.

8. Chung SW, Kim JY, Kim MH, Kim SH, Oh JH. Arthroscopic repair of massive
rotator cuff tears: outcome and analysis of factors associated with healing failure or
poor postoperative function. Am ] Sports Med. (2013) 41(7):1674-83. doi: 10.1177/
0363546513485719

9. Carver TJ, Kraeutler MJ, Smith JR, Bravman JT, McCarty EC. Nonarthroplasty
surgical treatment options for massive, irreparable rotator cuff tears. Orthop ] Sports
Med. (2018) 6(11):2325967118805385. doi: 10.1177/2325967118805385

10. Le BTN, Wu XL, Lam PH, Murrell GAC. Factors predicting rotator cuff retears:
an analysis of 1000 consecutive rotator cuff repairs. Am ] Sports Med. (2014)
42(5):1134-42. doi: 10.1177/0363546514525336

frontiersin.org


https://doi.org/10.1016/j.jse.2008.05.039
https://doi.org/10.1177/0363546514529644
https://doi.org/10.1177/0363546514529644
https://doi.org/10.1016/j.jse.2021.11.002
https://doi.org/10.1007/s00167-023-07339-6
https://doi.org/10.3390/jcm14072405
https://doi.org/10.1016/j.jse.2013.10.006
https://doi.org/10.1177/0363546513485719
https://doi.org/10.1177/0363546513485719
https://doi.org/10.1177/2325967118805385
https://doi.org/10.1177/0363546514525336
https://doi.org/10.3389/fsurg.2025.1627901
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Zhang et al.

11. Cho SH, Kim YS. Predicting major preoperative risk factors for retears after
arthroscopic rotator cuff repair using machine learning algorithms. J Clin Med.
(2025) 14(6):1843. doi: 10.3390/jcm14061843

12. Lee YS, Jeong JY, Park CD, Kang SG, Yoo JC. Evaluation of the risk factors for a
rotator cuff retear after repair surgery. Am J Sports Med. (2017) 45(8):1755-61. doi: 10.
1177/0363546517695234

13. Fuchs B, Weishaupt D, Zanetti M, Hodler J, Gerber C. Fatty degeneration of the
muscles of the rotator cuff: assessment by computed tomography versus magnetic
resonance imaging. J Shoulder Elbow Surg. (1999) 8(6):599-605. doi: 10.1016/s1058-
2746(99)90097-6

14. Goutallier D, Postel JM, Bernageau J, Lavau L, Voisin MC. Fatty muscle
degeneration in cuff ruptures. Pre- and postoperative evaluation by CT scan. Clin
Orthop. (1994) 304:78-83. doi: 10.1097/00003086-199407000-00014

15. Lee YB, Yang CJ, Li CZ, Zhuan Z, Kwon SC, Noh KC. Can a single sagittal
magnetic resonance imaging slice represent whole fatty infiltration in chronic
rotator cuff tears at the supraspinatus? Clin Orthop Surg. (2018) 10(1):55. doi: 10.
4055/ci0s.2018.10.1.55

16. Spencer EE, Dunn WR, Wright RW, Wolf BR, Spindler KP, McCarty E, et al.
Interobserver agreement in the classification of rotator cuff tears using magnetic
resonance imaging. Am ] Sports Med. (2008) 36(1):99-103. doi: 10.1177/
0363546507307504

17. Slabaugh MA, Friel NA, Karas V, Romeo AA, Verma NN, Cole BJ. Interobserver
and intraobserver reliability of the goutallier classification using magnetic resonance
imaging: proposal of a simplified classification system to increase reliability. Am
J Sports Med. (2012) 40(8):1728-34. doi: 10.1177/0363546512452714

18. Vidt ME, Santago AC, Tuohy CJ, Poehling GG, Freehill MT, Kraft RA, et al.
Assessments of fatty infiltration and muscle atrophy from a single magnetic
resonance image slice are not predictive of 3-dimensional measurements. Arthrosc
J Arthrosc Relat Surg. (2016) 32(1):128-39. doi: 10.1016/j.arthro.2015.06.035

19. Agten CA, Rosskopf AB, Gerber C, Pfirrmann CWA. Quantification of early
fatty infiltration of the rotator cuff muscles: comparison of multi-echo dixon with
single-voxel MR spectroscopy. Eur Radiol. (2016) 26(10):3719-27. doi: 10.1007/
s00330-015-4144-y

20. Horiuchi S, Nozaki T, Tasaki A, Yamakawa A, Kaneko Y, Hara T, et al.
Reliability of MR quantification of rotator cuff muscle fatty degeneration using a
2-point dixon technique in comparison with the goutallier classification (2DDixon).
Acad Radiol. (2017) 24(11):1343-51. doi: 10.1016/j.acra.2017.03.026

21. Lee S, Lucas RM, Lansdown DA, Nardo L, Lai A, Link TM, et al. Magnetic
resonance rotator cuff fat fraction and its relationship with tendon tear severity and
subject characteristics. J Shoulder Elbow Surg. (2015) 24(9):1442-51. doi: 10.1016/j.
j$€.2015.01.013

22. Matsumura N, Oguro S, Okuda S, Jinzaki M, Matsumoto M, Nakamura M, et al.
Quantitative assessment of fatty infiltration and muscle volume of the rotator cuff
muscles using 3-dimensional 2-point dixon magnetic resonance imaging. J Shoulder
Elbow Surg. (2017) 26(10):€309-18. doi: 10.1016/j.jse.2017.03.019

23. Chhapola V, Kanwal SK, Brar R. Reporting standards for bland-altman
agreement analysis in laboratory research: a cross-sectional survey of current
practice. Ann Clin Biochem. (2015) 52(Pt 3):382-6. doi: 10.1177/0004563214553438

24. Tk K, My L. A guideline of selecting and reporting intraclass correlation
coefficients for reliability research. J Chiropr Med. (2016) 15(2):155-63. doi: 10.
1016/j.jcm.2016.02.012

25. Lansdown DA, Lee S, Sam C, Krug R, Feeley BT, Ma CB. A prospective,
quantitative evaluation of fatty infiltration before and after rotator cuff repair.
Orthop ] Sports Med. (2017) 5(7):2325967117718537. doi: 10.1177/2325967117718537

26. Osti L, Buda M, Del Buono A. Fatty infiltration of the shoulder: diagnosis and
reversibility. Muscles Ligaments Tendons J. (2013) 3(4):351-4. doi: 10.32098/mltj.04.
2013.18

27. Park JS, Park HJ, Kim SH, Oh JH. Prognostic factors affecting rotator cuff
healing after arthroscopic repair in small to medium-sized tears. Am ] Sports Med.
(2015) 43(10):2386-92. doi: 10.1177/0363546515594449

28. Kim SC, Shim SB, Kim WJ, Yoo JC. Preoperative rotator cuff tendon integrity,
tear size, and muscle atrophy and fatty infiltration are associated with structural
outcomes of arthroscopic revision rotator cuff repair. Knee Surg Sports Traumatol
Arthrosc. (2022) 30(6):2029-38. doi: 10.1007/s00167-021-06732-3

Frontiers in Surgery

1

10.3389/fsurg.2025.1627901

29. Trevino JH, Gorny KR, Gomez-Cintron A, Zhao C, Giambini H. A quantitative
alternative to the goutallier classification system using lava flex and ideal MRI
techniques: volumetric intramuscular fatty infiltration of the supraspinatus muscle,
a cadaveric study. Magma N Y N. (2019) 32(6):607-15. doi: 10.1007/s10334-019-
00774-y

30. Kukkonen J, Kauko T, Vahlberg T, Joukainen A, Adrimaa V. Investigating
minimal clinically important difference for constant score in patients undergoing
rotator cuff surgery. J Shoulder Elbow Surg. (2013) 22(12):1650-5. doi: 10.1016/j.jse.
2013.05.002

31. Cigolotti A, Biz C, Lerjefors E, De Iudicibus G, Belluzzi E, Ruggieri P. Medium-
to long-term clinical and functional outcomes of isolated and combined subscapularis
tears repaired arthroscopically. Arch Med Sci. (2021) 17(5):1351-64. doi: 10.5114/
aoms.2020.97714

32. Nakagaki K, Ozaki J, Tomita Y, Tamai S. Alterations in the supraspinatus muscle
belly with rotator cuff tearing: evaluation with magnetic resonance imaging. J Shoulder
Elbow Surg. (1994) 3(2):88-93. doi: 10.1016/51058-2746(09)80115-8

33. Santago AC, Vidt ME, Tuohy CJ, Poehling GG, Freehill MT, Jordan JH, et al.
Quantitative analysis of three-dimensional distribution and clustering of
intramuscular fat in muscles of the rotator cuff. Ann Biomed Eng. (2016)
44(7):2158-67. doi: 10.1007/s10439-015-1488-z

34. Altan E, Nayman A, Yildirim A, Ozbaydar MU, Ciftci S, Karahan M. Influence
of infraspinatus and subscapularis pathologies on supraspinatus muscle atrophy—a
retrospective cohort study. Malays Orthop J. (2020) 14(2):23-7. doi: 10.5704/MO]J.
2007.007

35. Melis B, DeFranco MJ, Chuinard C, Walch G. Natural history of fatty infiltration
and atrophy of the supraspinatus muscle in rotator cuff tears. Clin Orthop. (2010)
468(6):1498-505. doi: 10.1007/s11999-009-1207-x

36. Goutallier D, Postel JM, Gleyze P, Leguilloux P, Van Driessche S. Influence of
cuff muscle fatty degeneration on anatomic and functional outcomes after simple
suture of full-thickness tears. J Shoulder Elbow Surg. (2003) 12(6):550-4. doi: 10.
1016/s1058-2746(03)00211-8

37. Lee E, Choi JA, Oh JH, Ahn S, Hong SH, Chai JW, et al. Fatty degeneration of
the rotator cuff muscles on pre- and postoperative CT arthrography (CTA): is the
goutallier grading system reliable? Skeletal Radiol. (2013) 42(9):1259-67. doi: 10.
1007/s00256-013-1660-1

38. Xu D, Liu Q, Wang J, Yin E, Zhou B, Li X, et al. Muscle-derived mitochondria as
a novel therapy for muscle degeneration after rotator cuff tears. ] Bone Jt Surg. (2025)
107(12):e63. doi: 10.2106/JBJS.24.01322

39. Fama G, Tagliapietra J, Belluzzi E, Pozzuoli A, Biz C, Ruggieri P. Mid-term
outcomes after arthroscopic “tear completion repair” of partial thickness rotator
cuff tears. Medicina (Mex). (2021) 57(1):74. doi: 10.3390/medicina57010074

40. Kuzel BR, Grindel S, Papandrea R, Ziegler D. Fatty infiltration and rotator cuff
atrophy. ] Am Acad Orthop Surg. (2013) 21(10):613-23. doi: 10.5435/JAAOS-21-10-
613

41. Maman E, Harris C, White L, Tomlinson G, Shashank M, Boynton E. Outcome
of nonoperative treatment of symptomatic rotator cuff tears monitored by magnetic
resonance imaging. J Bone Jt Surg-Am. (2009) 91(8):1898-906. doi: 10.2106/JBJS.G.
01335

42. Oh JH, Kim SH, Choi JA, Kim Y, Oh CH. Reliability of the grading system for
fatty degeneration of rotator cuff muscles. Clin Orthop. (2010) 468(6):1558-64. doi: 10.
1007/s11999-009-0818-6

43. Zanetti M, Gerber C, Hodler J. Quantitative assessment of the muscles of the
rotator cuff with magnetic resonance imaging. Invest Radiol. (1998) 33(3):163-70.
doi: 10.1097/00004424-199803000-00006

44. Tingart MJ, Apreleva M, Lehtinen JT, Capell B, Palmer WE, Warner JJP.
Magnetic resonance imaging in quantitative analysis of rotator cuff muscle volume.
Clin Orthop. (2003) 415:104-10. doi: 10.1097/01.bl0.0000092969.12414.e1

45. Thomazeau H, Rolland Y, Lucas C, Duval JM, Langlais F. Atrophy of the
supraspinatus belly. Assessment by MRI in 55 patients with rotator cuff pathology.
Acta Orthop Scand. (1996) 67(3):264-8. doi: 10.3109/17453679608994685

46. Beeler S, Ek ETH, Gerber C. A comparative analysis of fatty infiltration and
muscle atrophy in patients with chronic rotator cuff tears and suprascapular
neuropathy. J Shoulder Elbow Surg. (2013) 22(11):1537-46. doi: 10.1016/j.jse.2013.
01.028

frontiersin.org


https://doi.org/10.3390/jcm14061843
https://doi.org/10.1177/0363546517695234
https://doi.org/10.1177/0363546517695234
https://doi.org/10.1016/s1058-2746(99)90097-6
https://doi.org/10.1016/s1058-2746(99)90097-6
https://doi.org/10.1097/00003086-199407000-00014
https://doi.org/10.4055/cios.2018.10.1.55
https://doi.org/10.4055/cios.2018.10.1.55
https://doi.org/10.1177/0363546507307504
https://doi.org/10.1177/0363546507307504
https://doi.org/10.1177/0363546512452714
https://doi.org/10.1016/j.arthro.2015.06.035
https://doi.org/10.1007/s00330-015-4144-y
https://doi.org/10.1007/s00330-015-4144-y
https://doi.org/10.1016/j.acra.2017.03.026
https://doi.org/10.1016/j.jse.2015.01.013
https://doi.org/10.1016/j.jse.2015.01.013
https://doi.org/10.1016/j.jse.2017.03.019
https://doi.org/10.1177/0004563214553438
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1177/2325967117718537
https://doi.org/10.32098/mltj.04.2013.18
https://doi.org/10.32098/mltj.04.2013.18
https://doi.org/10.1177/0363546515594449
https://doi.org/10.1007/s00167-021-06732-3
https://doi.org/10.1007/s10334-019-00774-y
https://doi.org/10.1007/s10334-019-00774-y
https://doi.org/10.1016/j.jse.2013.05.002
https://doi.org/10.1016/j.jse.2013.05.002
https://doi.org/10.5114/aoms.2020.97714
https://doi.org/10.5114/aoms.2020.97714
https://doi.org/10.1016/S1058-2746(09)80115-8
https://doi.org/10.1007/s10439-015-1488-z
https://doi.org/10.5704/MOJ.2007.007
https://doi.org/10.5704/MOJ.2007.007
https://doi.org/10.1007/s11999-009-1207-x
https://doi.org/10.1016/s1058-2746(03)00211-8
https://doi.org/10.1016/s1058-2746(03)00211-8
https://doi.org/10.1007/s00256-013-1660-1
https://doi.org/10.1007/s00256-013-1660-1
https://doi.org/10.2106/JBJS.24.01322
https://doi.org/10.3390/medicina57010074
https://doi.org/10.5435/JAAOS-21-10-613
https://doi.org/10.5435/JAAOS-21-10-613
https://doi.org/10.2106/JBJS.G.01335
https://doi.org/10.2106/JBJS.G.01335
https://doi.org/10.1007/s11999-009-0818-6
https://doi.org/10.1007/s11999-009-0818-6
https://doi.org/10.1097/00004424-199803000-00006
https://doi.org/10.1097/01.blo.0000092969.12414.e1
https://doi.org/10.3109/17453679608994685
https://doi.org/10.1016/j.jse.2013.01.028
https://doi.org/10.1016/j.jse.2013.01.028
https://doi.org/10.3389/fsurg.2025.1627901
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Clinical application research on the quantitative measurement of supraspinatus muscle fatty degeneration based on PACS system to improve preoperative assessment
	Introduction
	Methods
	Patient selection and evaluation
	MRI protocol and evaluation
	Assessment of the goutallier classification by MRI
	Fi ratios measured from MRI examination
	Statistical analysis

	Results
	Differences between under direct vision-Ff and PACS-Ff measurements
	Differences in FF values among various measurement planes
	Intra- and inter-observer reliability of under direct vision-FF and PACS-FF measurements
	Intra- and inter-observer reliability of the Goutallier classification

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


