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p = 0.012). Inter- and intra-rater reliability was mostly 
excellent (ICC > 0.75).
Conclusion T2 mapping is an accurate non-invasive 
method to identify quantitatively early rotator cuff pathol-
ogy. The lateral region in the coronal plane in particular 
may differentiate partial and small minimally retracted full-
thickness tears from tendinosis and asymptomatic tendons. 
Understanding and being able to measure quantitatively the 
process of tendon degeneration and subsequent tearing may 
help clinicians to better predict at-risk groups and to strat-
ify treatment options.
Level of evidence III.

Keywords Rotator cuff · Tendinosis · Partial and full 
tear · Supraspinatus · T2 mapping · MRI

Introduction

Rotator cuff pathology accounts for over 4.5 million phy-
sician visits annually [32]. Diagnosis of a rotator cuff tear 
can often be obtained with a detailed history and physical 
examination [18], with imaging commonly used to deter-
mine specific clinical pathology [4, 17, 31]. In particular, 
conventional magnetic resonance imaging (MRI) plays a 
significant role in differentiating tendinosis from partial 
and full-thickness tears, determining the quality of the ten-
don, detecting atrophy and fatty degeneration of the mus-
cle, and identifying associated shoulder pathology.

Currently, MRI is the most effective imaging modality 
in the evaluation of the rotator cuff; however, its diagnostic 
sensitivity and specificity remain variable [2, 25, 27, 28]. 
Diagnosis of rotator cuff pathology through MRI is based 
on qualitative morphology and signal change and becomes 
increasingly difficult in the presence of partial rotator cuff 

Abstract 
Purpose Quantitative MRI T2 mapping is a non-invasive 
imaging technique sensitive to biochemical changes, but 
no studies have evaluated T2 mapping in pathologic rotator 
cuff tendons. It was sought to evaluate the efficacy of T2 
mapping in detecting differences in the supraspinatus ten-
don (SST) among patients with tendinosis, partial tears and 
minimally retracted full-thickness tears, relative to asymp-
tomatic volunteers.
Methods The pathologic cohort consisted of two arthro-
scopically verified groups: tendinosis and a tear group of 
partial tears or minimally retracted full-thickness tears, and 
was compared to an asymptomatic cohort with no prior 
history of shoulder pathology. The SST was manually seg-
mented from the footprint to the medial humeral head in 
the coronal and sagittal planes and divided into six clini-
cally relevant subregions. Mean T2 values and inter- and 
intra-rater reliability were assessed.
Results In the anterolateral subregion, the tear group exhib-
ited significantly higher mean T2 values (43.9 ± 12.7 ms) 
than the tendinosis (34.9 ± 3.9 ms; p = 0.006) and asymp-
tomatic (33.6 ± 5.3 ms; p = 0.015) groups. In the postero-
lateral subregion, the tear group had higher mean T2 values 
(45.2 ± 13.7) than the asymptomatic group (34.7 ± 6.7; 
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tears [2, 27–29]. Tendinosis is even more challenging to 
diagnosis because the morphology is not affected and sig-
nal intensity alone has proven unreliable in differentiat-
ing between normal and degenerative rotator cuff tendons 
[5]. A more robust method of quantifying the differences 
between asymptomatic and damaged rotator cuff tendons is 
needed to improve MRI diagnosis for treatment planning.

Conventional MRI findings provide information on ten-
don morphology and tear size but do not allow for earlier 
detection of tendon degeneration and associated histologic 
biochemical changes. Quantitative information would be 
clinically valuable to augment subjective interpretation in 
the diagnosis of rotator cuff pathology, predict progression 
of rotator cuff disease, formulate a treatment plan particu-
larly for partial rotator cuff tears and minimally retracted 
full rotator cuff tears, and assess the outcome of treatment. 
Novel quantitative biochemical MRI techniques, such as 
T2 mapping, have been increasingly evaluated for their 
demonstrated sensitivity in detection of earlier biochemical 
changes (i.e. collagen fibril structure, orientation, and water 
content) in various tissues [11–14, 22, 23, 33]. When evalu-
ating the tendon, several studies have demonstrated that the 
bulk T2 values are multi-exponential and that T2 relaxation 
times may be feasible to monitor the levels of degeneration 
and the healing process of collagen structures in the tendon 
non-invasively [30]. These hypotheses have been corrobo-
rated in work performed using T2 mapping in the Achilles 
tendon and in the asymptomatic supraspinatus tendon [1, 7, 
8]. Anz et al. [1] first described T2 mapping for the evalua-
tion of the supraspinatus tendon in asymptomatic individu-
als and reported excellent inter- and intra-rater reliability. 
This study demonstrated that T2 values corresponded to the 
anatomical structure of the muscle–tendon unit with no sig-
nificant effect due to the ageing process in asymptomatic 
individuals. However, the effect of earlier degeneration 
of the supraspinatus tendon on T2 values remains largely 
unknown.

Before T2 mapping can be implemented into the routine 
clinical protocol, it is essential that the T2 values of various 
stages of rotator cuff pathology are documented. As such, 
the purpose of this prospective study was to evaluate the 
clinical use of MRI T2 mapping for arthroscopically veri-
fied pathologic supraspinatus tendons. Our hypothesis was 
that there would be differences in T2 values of supraspi-
natus tendons with non-tear tendinosis and with partial or 
minimally (slightly) retracted full-thickness tears, com-
pared with asymptomatic supraspinatus tendons. Using the 
subregions proposed by Anz et al. [1], it was additionally 
hypothesized that the analysis would yield high inter- and 
intra-rater reliability measurements in this pathological 
cohort. The results of this study will help to confirm vari-
ability of T2 values, establish T2 values in various stages of 
rotator cuff pathology, and evaluate how these values differ 

from a screened asymptomatic cohort, and help clinicians 
to better predict at-risk groups and to stratify treatment 
options.

Materials and methods

This study was approved by the institutional review board 
at (blinded for review), and informed consent was obtained 
from all individual participants included in the study. 
The asymptomatic cohort was prospectively enrolled and 
deemed asymptomatic through an injury history question-
naire and verified by a normal physical examination of 
the shoulder performed by the senior orthopaedic surgeon 
of this study. The pathologic supraspinatus tendon cohort 
was prospectively enrolled and consisted of two groups: (1) 
tendinosis with no tear present and (2) partial or minimally 
retracted full-thickness tear (combined small tear group) 
as representing tendon degeneration properties to the point 
of macroscopic tear/failure. Grossly, retracted tears were 
not included as the landmarks for defining lateral, middle, 
and medial subregions, and the criteria for measurements 
and reproducibility do not apply to a retracted torn ten-
don. Inclusion criteria for the pathologic cohort included 
patients who had failed non-operative treatment, had a 
pre-operative T2 mapping MRI scan performed on the 
same 3.0 T scanner, and had arthroscopically confirmed 
supraspinatus pathology by the senior orthopaedic surgeon 
showing either tendinosis, a partial tear, or a full-thickness 
minimally (slightly) retracted tear defect of <1 cm (with 
the proximal stump close to the bony insertion, Patte clas-
sification stage 1 [26]). Exclusion criteria for all cohorts 
included previous surgery on the imaged shoulder or an 
MR imaging study performed at an outside clinic. Patients 
with full-thickness tears retracted to the proximal stump at 
the level of the humeral head (stage 2) or to the proximal 
stump at the glenoid level (stage 3) were excluded.

Subjects

The asymptomatic cohort consisted of 15 volunteers with 
a mean age of 39.9 years (range 32–55 years), with 8 
males and 7 females. The tendinosis group consisted of 11 
patients with a mean age of 45.0 years (range 32–70 years), 
with 5 male and 6 females. Tendinosis was characterized 
as a degenerated, frayed, and macerated, but intact tendon 
with the occurrence of synovitis as well as subacromial 
bursitis. The tear group consisted of 24 patients (15 par-
tial tears, 9 minimally retracted full-thickness tears) with 
a mean age of 48.0 years (range 37–72 years), with 14 
males and 10 females. Partial thickness tears were defined 
as incomplete, non-detaching ruptures on either the intra-
articular (PASTA: partial articular SSP tendon avulsion) or 
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the bursal side of the tendon. In the cohort, 9 subjects had 
articular-sided partial tears (5 were <50 % of the tendon 
thickness, 4 were greater) and 6 subjects had bursal-sided 
partial tears (3 were <50 % of the tendon thickness, 3 were 
greater). Full-thickness minimally retracted tears were 
defined as fully detached ruptures with the defect from the 
intra-articular to the subacromial space, and the tendon 
retracted medially not more than 10 mm.

Image acquisition

All patients and asymptomatic volunteers underwent MR 
imaging at 3.0 T (Magnetom Verio, Siemens Medical 
Solutions, Erlangen, Germany) with a gradient strength of 
40 mT/m, using a four-channel small shoulder array coil 
(Invivo, Gainesville, FL, USA). Patients and volunteers 
were positioned in the supine position with the arm at their 
side and palm supinated. The scanning protocol consisted 
of five stages: (1) a proton density-weighted fat-suppressed 
turbo-spin echo scan in the axial plane (PD-TSE FS Ax), 
(2) a proton density-weighted fat-suppressed turbo-spin 
echo scan in the sagittal plane (PD-TSE FS Sag), (3) a pro-
ton density-weighted fat-suppressed turbo-spin echo scan 
in the coronal plane (PD-TSE FS Cor), (4) a multi-echo 
spin echo T2 mapping scan in the sagittal plane (MESE T2 
Map Sag), and (5) a multi-echo spin echo T2 mapping scan 
in the coronal plane (MESE T2 Map Cor). The details of 
the scanning parameters are given in Table 1. In the asymp-
tomatic cohort, the axial clinical scan and the raw images 
from the two T2 mapping scans were reviewed to verify 
the absence of rotator cuff pathology. T2 mapping values 
were calculated using a Siemens WIP (work in progress) 
algorithm which was modified from the Siemens MapIt 
software algorithm (Siemens Medical Solutions, Erlangen, 
Germany).

Data analysis

The supraspinatus muscle and tendon were manually seg-
mented as a unit using a stylus and touch screen monitor 
directly on the second echo of the mapping sequence on a 
slice-by-slice basis spanning all slices using commercial 
software (Mimics, Materialise, Plymouth, MI, USA). The 
muscle tendon unit was evaluated from the footprint to the 
level of the medial aspect of humeral head in both the coro-
nal and sagittal planes (Fig. 1). The corresponding PD-TSE 
FS (coronal and sagittal) was simultaneously examined on 
a neighbouring monitor to aid in the exclusion of synovial 
fluid and chemical shift artefact in the manual segmenta-
tions. In order to evaluate inter- and intra-rater reliability, 
two raters (a sports medicine orthopaedic surgeon with 
6-year experience and a musculoskeletal radiologist with 
16-year experience) each segmented the supraspinatus 
muscle and tendon unit twice in each plane, with a mini-
mum of 30 days observed between segmentations.

To evaluate the presence of variability in T2 values 
based on the anatomical location within the three groups, 
the muscle tendon unit segmentation was further divided 
into six subregions. To perform this subregion division, 
the raters manually selected two landmarks on the second 
echo of the MRI T2 mapping image: one on the most lat-
eral aspect of the greater tuberosity and other on the most 
medial aspect of the humeral head on the coronal (Fig. 1). 
The coordinates of the manual landmarks were exported, 
and custom image analysis software (MATLAB, Math-
works, Natick, MA) was used to divide the muscle–tendon 
unit into thirds based on these landmarks. This provided 
a reproducible method of creating lateral, middle, and 
medial subregions for each subject. These three subre-
gions were then further divided into anterior and posterior 
halves. For the sagittal plane, this was done by dividing the 

Table 1  Parameters of the imaging sequences used in the study

MR parameters for quantitative and morphological imaging

Map mapping, PD proton density, TSE turbo-spin echo, FS fat suppression, sag sagittal, cor coronal, ax axial

Sequence T2 map sag T2 map cor PD-TSE FS cor PD-TSE FS sag PD-TSE FS ax

Repetition time (ms) 2000 2000 3000 3000 3350

Echo time (ms) 10.7–74.9 10.7–74.9 46 46 46

Field of view (mm) 140 140 120 120 120

Matrix 256 × 256 256 × 256 256 × 192 256 × 192 256 × 192

Voxel size (mm) 0.5 × 0.5 × 2.0 0.5 × 0.5 × 2.0 0.6 × 0.5 × 3.0 0.6 × 0.5 × 3.0 0.6 × 0.5 × 3.0

Slice thickness (mm) 2 2 3 3 3

Inter-slice gap (mm) 1 1 0 0 0

Number of slices 18 20 25 25 29

Echo trains/slice – – 41 41 36

Turbo factor – – 8 8 8

Examination time 6:30 6:30 2:11 2:11 2:09
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segmentation into half within each slice (Fig. 1), and for 
the coronal plane, this was done by dividing which slices 
were anterior and posterior. This created six subregions in 
total: anterolateral, posterolateral, anteromiddle, postero-
middle, anteromedial, and posteromedial. Descriptive T2 
statistics (mean, standard deviation, minimum, maximum, 
and number of pixels in each subregion) were calculated 
within each subregion.

Statistical analysis

A sample size calculation was conducted using T2 data 
from the first three subjects collected in each group to 
inform relevant mean and variance estimates. Assuming 
group standard deviation of 8.0 ms and accounting for mul-
tiple comparisons, it was concluded that 14 subjects per 
group would be sufficient to detect a pairwise group dif-
ference in mean T2 values of 10.0 ms with 80 % power. 
Mean T2 values within each subregion in the two planes 
were compiled, and pathology groups were compared 

using a one-way ANOVA for each subregion and view-
ing plane separately. Equal variances among groups were 
not assumed; thus, Welch’s ANOVA and the Games-How-
ell method for post hoc pairwise comparisons were used. 
Additionally, the standard deviation of T2 values within 
each subregion were compiled and compared in the same 
manner. Differences between groups with a p value of 
<0.05 were considered statistically significant. Group sum-
mary statistics are reported as mean ± standard deviation.

Intra- and inter-rater reliability was evaluated in a man-
ner that could be generalized to a single future rater from 
a population of qualified raters using a two-way ran-
dom effects model to calculate the single measure intra-
class correlation coefficient (ICC) for the mean T2 value 
within each subregion. The ICC values were graded 
using the scale described by Fleiss et al. [6] (excellent 
reliability (0.75 > ICC ≤ 1.00), fair to good reliability 
(0.40 ≥ ICC ≤ 0.75), poor reliability (0.00 ≥ ICC ≤ 0.40). 
Statistical analyses were performed using SPSS, version 20 
(IBM Corporation, Armonk, NY, USA).

Results

Inter- and intra-rater reliability of the mean T2 values is 
demonstrated with ICC values in Tables 2 and 3, respec-
tively. Inter-rater reliability was excellent (ICC > 0.75) 
in every instance except for the posteromedial subregion 
viewed in the coronal plane (ICC = 0.706). Intra-rater reli-
ability was excellent with the lower bound of the 95 % con-
fidence interval of the ICC estimate exceeding 0.75 in all 
cases. There were four subjects, in which particular subre-
gions did not include enough pixels to allow for a robust 
comparison between raters, and in this case, the regions 
were excluded for the ICC analysis.

Mean T2 values for each subregion are presented in 
Figs. 2 and 3. The lateral portion in the coronal plane well 
differentiated supraspinatus pathology. Using the coronal 
plane, the tear group (43.9 ± 12.7 ms) exhibited signifi-
cantly higher mean T2 values in the anterolateral subregion 
than both the tendinosis (34.9 ± 3.9 ms; p = 0.006) and 
asymptomatic (33.6 ± 5.3 ms; p = 0.015) groups. Simi-
larly, the tear group (45.2 ± 13.7 ms) had higher poste-
rolateral mean T2 values than the asymptomatic group 
(34.7 ± 6.7 ms; p = 0.012). No statistically significant 
group differences were found in either the middle or medial 
subregions. Using the sagittal plane, the only significant 
difference was in the anteromedial subregion where the ten-
dinosis group (43.6 ± 7.1 ms) had lower mean T2 values 
than the asymptomatic group (51.8 ± 9.7 ms; p = 0.049).

In nearly all cases where significant group differ-
ences existed, groups also had significantly different vari-
ability of values among subjects (as assessed by Levene’s 

Fig. 1  Evaluation of the supraspinatus muscle tendon unit from 
the footprint to the glenoid in the coronal and sagittal planes with 
T2 overlay based on manual segmentations. Coronal image depicts 
medial, middle, and lateral subregion divisions based on the land-
marks placed on the most lateral aspect of the greater tuberosity and 
the most medial aspect of the humeral head (white circles). Sagittal 
image depicts posterior and anterior subregion divisions
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homogeneity test). Commonly, standard deviations in mean 
T2 values were up to twice as high in the small (partial or 
minimally retracted full thickness) tear group.

Discussion

This study evaluated pathologic rotator cuff tendons using 
quantitative T2 mapping. Understanding and being able to 

measure quantitatively the process of tendon degeneration 
and subsequent tearing may help clinicians to better predict 
at-risk groups and to stratify treatment options. Our find-
ings demonstrate that the lateral region in the coronal plane 
well differentiated supraspinatus tear pathology, with a sig-
nificant difference between the asymptomatic versus small 
tear groups observed. There was a trend for a difference in 
the tendinosis group versus small tear group in the lateral 
region on the coronal plane; however, this did not reach 

Table 2  Inter-rater reliability 
in each subregion in the sagittal 
and coronal planes

A anterior, P posterior

Imaging plane Subregion N Inter-rater reliability (ICC) Lower bound Upper bound

Sagittal Lateral

 A 46 0.902 0.829 0.944

 P 46 0.890 0.810 0.938

Middle

 A 49 0.783 0.645 0.872

 P 49 0.853 0.754 0.914

Medial

 A 49 0.853 0.753 0.914

 P 49 0.818 0.698 0.893

Coronal Lateral

 A 48 0.848 0.744 0.912

 P 47 0.838 0.727 0.907

Middle

 A 49 0.823 0.707 0.896

 P 48 0.809 0.683 0.888

Medial

 A 50 0.906 0.840 0.946

 P 49 0.706 0.532 0.823

Table 3  Intra-rater reliability 
in each subregion in the sagittal 
and coronal planes

A anterior, P posterior

Imaging plane Subregion N Inter-rater reliability (ICC) Lower bound Upper bound

Sagittal Lateral

 A 47 0.954 0.919 0.974

 P 47 0.920 0.861 0.955

Middle

 A 50 0.948 0.910 0.970

 P 50 0.951 0.916 0.972

Medial

 A 50 0.920 0.863 0.954

 P 50 0.980 0.964 0.988

Coronal Lateral

 A 48 0.975 0.956 0.986

 P 46 0.956 0.922 0.975

Middle

 A 49 0.914 0.852 0.950

 P 47 0.928 0.874 0.959

Medial

 A 50 0.958 0.927 0.976

 P 48 0.985 0.974 0.992
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Fig. 2  Mean T2 values (ms) of 
asymptomatic, tendinosis, and 
partial or minimally retracted 
full-thickness tears in the coro-
nal plane. Stars represent sta-
tistically significant (p < 0.05) 
group differences
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Fig. 3  Mean T2 values (ms) of 
asymptomatic, tendinosis, and 
partial or minimally retracted 
full-thickness tears in the sagit-
tal plane. Stars represent sta-
tistically significant (p < 0.05) 
group differences
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statistical significance. Commonly, SD in mean T2 values 
were up to twice as high in the small tear group, indicating 
greater variability in T2 values in patients presenting with 
arthroscopically verified tears. An unexpected finding was 
that in the anteromedial region, the tendinosis group had 
significantly lower T2 values than the asymptomatic group. 
This may be due to the range of tendinosis that is often seen 
clinically, and that is difficult to diagnose with conventional 
MRI. It is possible that both the tendinosis and asympto-
matic groups in this study had a range of tendinosis pre-
sent, making it difficult to differentiate between the two 
groups. Seven of the fifteen partial rotator cuff tears in our 
study were >50 % of the tendon thickness, which would 
further increase the difficulty of distinguishing between 
them. While conventional MRI can be used to identify dis-
crete tears in the supraspinatus by the presence of a fluid-
filled gap, T2 mapping presents the opportunity to look ear-
lier and evaluate tissue quality degradation before the tear 
occurs. There is also the potential to identify the likelihood 
of tear progression, failure of healing, and re-tearing.

T2 values (also referred to as T2 relaxation times) are 
dependent on the rate at which nuclei lose phase coher-
ence, and this is largely determined by water content and 
collagen orientation/disorder. This allows T2 mapping to 
assess soft tissue biomarkers for early tissue degeneration, 
particularly water content, collagen content, and collagen 
orientation [24, 35]. T2 mapping has been used to identify 
early degeneration in several types of soft tissues includ-
ing articular cartilage [23], meniscus [34], and Achilles 
tendons [8]. To the best of our knowledge, our study is 
the first to use quantitative MRI in the assessment of rota-
tor cuff pathology. We demonstrated the capability of T2 
mapping to quantify degeneration associated with small or 
full-thickness tears of the rotator cuff which have proven 
historically difficult to diagnose using conventional MRI 
[2, 25, 27, 28]. This quantitative analysis is particularly 
useful for the rotator cuff, which has variable morphology 
and subjective signal change. As tendons degenerate, his-
tologically there is a loss of cellularity, vascularity, tissue 
architecture, and fibrocartilaginous mass [21]. Decreased 
collagen content, particularly of type I collagen, has also 
been shown to occur [21]. With significant degeneration, 
there is a decrease in mechanical properties and increased 
risk of tearing. Histopathologic changes in rotator cuff tears 
occur not only at the site of rupture but also in the remain-
ing intact rotator cuff tendon [16].

Muscle hypertrophy and fatty infiltration are observed 
in chronic, massive rotator cuff tears. Similar to tendon 
degeneration, muscle physiology, structure, and function 
are altered with rotator cuff tears. Myofibrils become dis-
organized, and the number and lengths of sarcomere are 
decreased [9]. Our study evaluated the supraspinatus ten-
don as a single muscle tendon unit rather than isolating the 

tendon alone in order to include early degenerative changes 
that occur in muscle and myotendon junction, primarily in 
the medial subregions. In a pilot evaluation, we observed no 
statistical difference in tendon-alone and muscle plus ten-
don unit T2 values in the medial, middle, and lateral subre-
gions in either plane for all groups. Anz et al. [1] evaluated 
both the tendon-alone as well as the muscle and tendon 
unit using the same medial, middle, and lateral third sub-
regions and noted no statistical difference between tendon-
alone and tendon plus muscle T2 values in asymptomatic 
individuals. These authors reported excellent inter- and 
intra-rater reliability in all regions for both segmentation 
methods except in the tendon-alone segmentation medially 
where they found increased difficulty in identifying slips of 
tendon from muscle at the musculotendinous junction [1].

The data in this study suggest that manual segmentation 
is generalizable to future raters with excellent inter- and 
intra-rater reliability in all regions in both the coronal and 
sagittal planes except the posteromedial subregion viewed 
in the coronal plane (ICC = 0.706) which had “good” reli-
ability. Although we found nearly all excellent reliability, 
there are some limitations with the ability to manually seg-
ment in the coronal and sagittal planes. In the sagittal plane, 
the lateral footprint was more difficult to segment manually 
due to tendon curvature and inherent partial volume aver-
aging with the humerus from the MRI scan. Posterolater-
ally, the infraspinatus also curves anteriorly to insert on a 
trapezoidal region on the greater tuberosity and is covered 
by connective tissue [20] making isolation of the supraspi-
natus challenging at different anatomical locations in each 
plane. The authors preferred the coronal plane for the eval-
uation of the supraspinatus footprint and the sagittal plane 
for medial segmentation. An automatic segmentation algo-
rithm and automated landmark detection are paramount for 
implementing the standard clinical protocol.

All patients received T2 mapping as part of their stand-
ard clinical MRI protocol. One strength of our study is that 
patients were enrolled in a prospective manner based on 
arthroscopic findings of supraspinatus pathology, and pre-
operative MRI T2 maps were then retrospectively manu-
ally segmented, reducing selection bias. These pathologic 
groups were also compared to a control asymptomatic 
group who were screened with physical exams and ques-
tionnaire. Another strength is that two observers of vari-
ous training backgrounds (one musculoskeletal radiologist 
and one orthopaedic surgeon) each performed two manual 
segmentations separated by 30 days allowing for a robust 
assessment of inter- and intra-rater reliability.

One limitation of our study is that higher variability than 
expected was observed among patients with partial or small 
minimally retracted full-thickness tears. Consequently, a 
future larger study may be able to distinguish group differ-
ences that the current study was unable to detect including 
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a subgroup comparison of partial tears of both less than 
and greater than 50 % tendon thickness versus small full-
thickness tears. This would aid in identifying a quantita-
tive threshold for determining repair versus debridement 
of partial cuff tears. Another limitation is that we did not 
exclude patients from our study with other cuff pathology. 
Combined with difficulty isolating out the anterior part of 
the infraspinatus, T2 values may be falsely elevated in the 
posterior and lateral region if pathology also exists in the 
infraspinatus tendon. Also, we excluded full-thickness tears 
with retraction. Full-thickness tears with retraction would 
not allow for a robust subregional analysis. Therefore, our 
T2 values for the small tear group may not be as severe, 
since retracted tears are often larger with more degenera-
tion and likely higher T2 values. We combined the small 
full-thickness tears with minimal retraction and the partial 
tears to enable viable comparison to the asymptomatic and 
tendinosis groups. The tendon properties and T2 values for 
partial tears and for small full-thickness tears may not be 
substantially different, but this remains to be documented 
and is a limitation. In the future, it would be ideal to obtain 
tissue biopsies from each patient to correlate tissue degen-
eration histologically with areas of increased T2 values, but 
this of course would require IRB evaluation and may not be 
practical.

The results of the present study may set the groundwork 
for several future studies. The ability to evaluate tendon 
degeneration quantitatively and non-invasively can be used 
to evaluate the natural history of rotator cuff pathology in 
both symptomatic and asymptomatic individuals, longitudi-
nally. Identifying a threshold of tendon degeneration when 
tears progress or become symptomatic would be valuable 
in counselling patients of their prognosis and treatment 
options and formulating a treatment algorithm. Pre-oper-
ative T2 mapping of tears with relatively lower T2 values 
may be a good prognostic indicator and may be used to bet-
ter counsel patients. Response to treatment could also be 
quantitatively measured, and the normalization of the T2 
mapping score could help clinicians to determine a more 
objective measure of when it would be safe to progress 
rehabilitation or return to activities. Furthermore, since 
qualitative MRI information such as fatty infiltration and 
muscle atrophy has been shown to correlate with increased 
re-tear rates and poor patient outcomes [15], prognosis 
could significantly improve with earlier detection and inter-
vention. For 50 and 75 % partial articular-sided tears, bio-
mechanical studies have demonstrated increased strain on 
the remaining tendon [19], and surgical decision-making 
regarding repair versus debridement for partial rotator cuff 
tears based on a pre-operative objective measure of tissue 
degeneration could lead to earlier surgical intervention and 
improved outcomes. Conventional MRI is also variable 
in identifying rotator cuff re-tear after repair [10], but T2 

mapping may allow a more accurate assessment of heal-
ing by detecting changes in T2 values. Cell-based therapies 
aimed at halting or reversing the degenerative process at a 
cellular and molecular level and biologic augmentation to 
current repair techniques are of recent interest [3], and T2 
mapping would allow a non-invasive quantitative method 
to assess these results.

Conclusion

In conclusion, T2 mapping was found to be an accurate 
non-invasive imaging technique to identify quantitatively 
early rotator cuff pathology in this study. More specifically, 
the lateral region in the coronal plane can differentiate par-
tial and full-thickness tears from tendinosis and normal 
supraspinatus tendons. Furthermore, the methodology pre-
sented, including the subregions used for analysis, is gen-
eralizable to future raters as excellent inter- and intra-rater 
reliability in all regions and degrees of pathology in both 
the coronal and sagittal planes was found. This method has 
myriad clinical applications for those interested in study-
ing the natural history and clinical course of rotator cuff 
disease. Understanding and being able to measure quanti-
tatively the process of tendon degeneration and subsequent 
tearing may help clinicians to better predict at-risk groups 
and to stratify treatment options.
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