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Background: The quantitative assessment of supraspinatus tendons by conventional magnetic resonance
is limited by low contrast-to-noise ratio (CNR). Magnetic resonance imaging (MRI) scanners operating
at 7 Tesla offer high signal-to noise ratio (SNR), low CNR and high spatial resolution that are well-suited
for rapidly relaxing tissues like tendons. Few studies have applied T2 and T2* mapping to musculoskeletal
imaging and to the rotator cuff tendons. Our objective was to analyze the T2 and T2* relaxation times from
surgically repaired supraspinatus tendons and the effect of bone channeling.

Methods: One supraspinatus tendon of 112 adult female New Zealand white rabbits was surgically
detached and repaired one week later. Rabbits were randomly assigned to channeling (n=64) or control (n=48)
groups and harvested at 0, 1, 2, and 4 weeks. A 7T magnet was used for signal acquisition. For T2 mapping,
a sagittal muld slice 2D multi-echo spin-echo (MESE) CPMG sequence with fat saturation was applied and
T2* mapping was performed using a 3D UTE sequence. Magnetic resonance images from supraspinatus
tendons were analyzed by two raters. Three regions of interest were manually drawn on the first
T2-weighted dataset. For T2 and T2*, different ROI masks were generated to obtain relaxation times.
Results: T2-weighted maps but not T2*-weighted maps generated reliable signals for relaxation time
measurement. Torn supraspinatus tendons had lower T2 than controls at the time of repair (20.0+3.4
vs. 25.6x3.9 ms; P<0.05). T2 increased at 1, 2 and 4 postoperative weeks: 22.7+3.1, 23.3+3.9 and
24.0+5.1 ms, respectively, and values were significantly different from contralateral supraspinatus tendons
(24.8+3.1; 26.8+4.3 and 26.5+3.6 ms; all P<0.05). Bone channeling did not affect T2 (P>0.05).
Conclusions: Supraspinatus tendons detached for 1 week had shorter T2 relaxation time compared to

contralateral as measured with 7T MRI.
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Introduction

Magnetic resonance imaging (MRI) plays an important
role in the evaluation and prognosis of rotator cuff injuries
(1,2). Sher er al. found the prevalence of supraspinatus (SSP)
tendon tears by MRI to be 34% (3). The large number
of asymptomatic tears likely underestimates the true
prevalence of rotator cuff tears (2). MRI informs on all of
the rotator cuff individual tendons tear sizes, degeneration,
inflammation, muscle atrophy and fat accumulation; all
crucial information for surgical decision making (2,4).
Surgical repair of the SSP tendon is one of the most
commonly performed orthopedic surgery, often for high-
grade tears (5,6). Functional and anatomical success depend
on a number of parameters; larger tears, older patients,
fat accumulation in the SSP muscle, and tendons with
retraction and degeneration have worse outcomes (7-10).
Preoperative MRI was correlated with surgical outcomes
at 1 year after full thickness rotator cuff tear (11). As
such, MRI provides crucial perioperative diagnostic and
prognostic information.

Tendons have a highly ordered structure due to type I
collagen assembly into fibrils aggregating to form larger fiber
bundle units aligning along the long axis of the tendon (2).
Degenerated rotator cuff tendons show altered structure
and biochemical composition at the enthesis: higher water
content, decreased collagen content, collagen fiber disruption,
and altered glycosaminoglycan accumulation (12-15).
The effect of a tear on the SSP tendon proper, proximal to
the enthesis have not been the object of scrutiny. However,
SSP tendon proper is central to the success of a surgical
repair since they will hold the sutures and be part of the
mechanical chain of force transmission. One study identified
the tendon proper as the most common mode of re-rupture,
ahead of dehiscence at the repaired enthesis site (16,17).

The quantitative assessment of SSP tendons by
conventional MR is limited by low contrast-to-noise ratio
(CNR) (1,2). Assessment of tendon structure by MRI at
3T is therefore not possible using long echo times (18).
At high field MRI using pulse sequences, normal tendons
have a uniform low signal intensity with conventional pulse
sequences (2,19). MRI scanners operating at 7 Tesla offer
higher signal-to noise ratio (SNR) (20), and increased
spatial resolution that are well-suited for the study of
rapidly relaxing tissues like tendons (21). Specifically, the
transverse relaxation time (12) and the apparent transverse
relaxation time (T2*) are sensitive to the biochemical
content of the tendon proper (19). Both, the T2 and T2%,
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are influenced by free water. In tissues like tendons, T2
and T2* reflect the organization of the matrix of collagen
fibers and hydration level (19). While T2 is a time constant
for the decay of the transverse magnetization arising from
natural interactions at the atomic or molecular levels,
T2* is additionally affected by inhomogeneity in the main
magnetic field, and local susceptibility changes. Few studies
have applied T2 and T2* mapping to musculoskeletal
imaging and to the rotator cuff tendons (18,22). Anz er al.
reported SSP tendon T2 mapping in 30 asymptomatic
volunteers using 3T and described an increasing distal to
proximal gradient unaffected by age (21). In another study,
T2 mapping -but not T2* of 8 volunteers on a 3T scanner
positively correlated SSP tendon tear size (23). Short 1T2*
were suggested as reliable indicators for tendinopathies (22).
Ultrashort echo time (UTE) and variable echo time
sequences have been designed to acquire increased signal
from tendons; 7T scanners using UTE allowed for robust
mono- and bi-exponential T2* mapping of tendons (22).
7T-MR scanners have quantitatively assessed the structure
and biochemical properties of some tendons (e.g., Achilles)
(24,25). However, to our knowledge, no quantitative 7T
MR normative values of SSP tendons are available.

Various augmentation procedures have been investigated
to improve the success rate of SSP repair. One of them is
bone channeling. Creating holes in the humeral head at the
SSP insertion footprint could promote mesenchymal stem
cell migration from the red marrow. Twenty-fold increase
in cellularity was measured 1-2 weeks after channeling
in the animal model (26). However, channeling did not
improve enthesis reformation after SSP repair in the rabbit
model (27). The effect of channeling on the SSP tendon
proper remains unknown.

The purpose of our study was to generate T2 and T2*
maps of rabbit supraspinatus tendons proper and show
the effects of a SSP tendon tear, of surgical repair up to
4 postoperative weeks and of bone channeling compared
to the contralateral SSP tendon. Our hypotheses were
that (I) detached SSP tendons will show signs of disuse;
(II) surgical SSP repair will restore tendon T2 and T2*
times incrementally with postoperative duration and (III)
channeling will not influence SSP tendon repair.

Methods
Animal model

Animal procedures were approved by the Institutional
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Figure 1 Experimental design. The total number of rabbits and numbers in individual groups are indicated.

Animal Care Committee under protocol #ME-184. One
hundred and twelve female New Zealand white rabbits (3 kg)
were housed individually at 22 °C on a 12-h light/dark cycle
with access to water and standard rabbit chow (Charles
River Saint-Constant, Quebec, Canada). The experimental
design and materials were used in a previous investigation
where the supraspinatus enthesis reformation of rabbits
after surgical repair was quantified by MR at 7T using T2
mapping (27). The current investigation reports findings on
the repaired SSP tendon and contralateral tendons.

Surgical detachment and tendon repair

Each rabbit underwent two surgeries to one randomly
selected shoulder: an initial SSP tendon detachment at
the humeral head insertion was performed to simulate a
complete tendon tear followed by a repair surgery one week
later (28). The experimental design and sample size for
individual groups is illustrated in Figure 1. Bone channeling
at the humeral head SSP footprint was carried out at the
detachment surgery in 64 rabbits while the remaining 48 did
not receive the intervention. Channeling consisted of drilling
four 1-mm-diameter and 10-mm-depth holes to ensure
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communication with the subchondral bone marrow. After
detachment, the tendon was wrapped in a polyvinylidene
membrane (5 pm, Durapore; Millipore Corp., Bedford, MA,
USA) to promote nutrition diffusion and prevent tendon
adhesion to surrounding tissue in both the channeling and no
channeling rabbit groups. After one week, the incision was
re-opened, and a curette was used to clear the insertion site.
The Millipore membrane was removed and the retracted
SSP tendon was pulled laterally and attached to a 3 mm
Bio-FASTak® anchor (Arthrex Inc. Naples, FL, USA) using
an inverted horizontal mattress #2 FiberWire suture (29).
Rabbits were sacrificed at 0 (n=16), 1 (n=32), 2 (n=32), or
4 (n=32) postoperative weeks and both shoulders were
dissected en bloc with precaution to harvest the complete SSP
muscle and to preserve its new attachment site to the humeral
head. Shoulders were wrapped in saline gauze and frozen at
-40 °C until imaged.

Image acquisition

Prior to MRI, the shoulders were thawed for 12 h at 4 °C. A
7T (31 cm bore size) superconducting magnet (Agilent/GE
MR 901 system) equipped with actively shielded imaging

Quant Imaging Med Surg 2021;11(8):3460-3471 | http://dx.doi.org/10.21037/qims-20-1343



Quantitative Imaging in Medicine and Surgery, Vol 11, No 8 August 2021 3463

gradients (300 mT/m maximum gradient strength, 21
cm inner bore size) was used for the study. A 2 cm-
diameter 'H surface coil was used for signal reception in
combination with a 15 cm inner diameter quadrature 'H
volume resonator for signal transmission. The center of the
surface coil was carefully placed close to the tendon-bone
junction by a trained physicist with previous experience
in musculoskeletal MRI to ensure consistency in image
acquisition. All specimens were aligned with their main
axis along the main magnetic field (B;) to minimize bias
between the specimens due to the magic angle effect (30).
A temperature of 4 °C was maintained for the duration of
the MR imaging using a cooling system. For T2 mapping,
a sagittal multi slice 2D multi-echo spin-echo (MESE)
CPMG sequence with fat saturation was applied with the
following parameters TR =3.5 s, TEs of the acquired echoes
13.6, 20.4, 27.2. 34.0, 40.8, 47.6, 54.4, 61.2 ms (the first
echo at TE =6.8 ms was not acquired), FOV =35x26.3 mm’,
matrix =256x192, in-plane resolution =0.137x0.137 mm’,
number of slices =36, slice thickness =0.5 mm, receiver
bandwidth (BW) =83.33 kHz, number of averages =5, total
scan time =1 h 52 min. T2* mapping was performed using
a 3D UTE sequence with twelve different TEs =0.09,
0.15, 0.2, 0.3, 0.5, 0.8, 1.0, 1.5, 2.0, 4.0, 6.0, 10.0 ms. The
sequence used a radial k-space acquisition scheme and per
excitation one free induction decay was acquired. Other
parameters for the sequence were: TR =12 ms, flip angle
=8°, field of view =45x36x26 mm’, number of spokes
=48,026, BW =250 kHz, spatial resolution =0.2x0.2x0.5
mm’, total acquisition time for T2* imaging =1 h 55 min.

Image and data analysis

T2 and T2* maps were generated by fitting the signal from
the T2- and T2*-weighted datasets voxel wise to a mono-
exponential decay function using the Levenberg-Marquardt
algorithm in custom programs written in MATLAB
(MathWorks Inc., Natick, MA, USA) (31). The datasets and
relaxation time maps were then interpolated to a nominal
in-plane resolution of 47 pm x 47 pm to match the different
resolutions of the two imaging sequences and to improve
visualization of the regions of interest (ROI) placement.

All MR images were analyzed by a blinded radiologist
with previous experience in rabbit shoulder MRI. MRI
slices in the middle portion of the SSP were selected. For
T2 and T2* relaxation time analyses, three ROIs labelled 1,
2 and 3 from distal to proximal were manually drawn on the
first T2-weighted dataset to cover the complete thickness
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of the tendon from the bursal to the articular side. Each
ROI covered approximately 0.6 mm of tendon length. For
each tendon, the length covered by the 3 adjacent ROIs
was approximately 2 mm. To exclude the enthesis, the
distal tendon ROI started 0.6 mm proximal to the greater
tuberosity. Masks were generated from the ROIs and
applied to the T2 and T2* maps to obtain the quantitative
T2 and T2* relaxation times.

To ensure consistency between specimens, only ROIs
containing 500-750 voxels were considered for analysis.
Voxels which had suffered fit failure were excluded.
Furthermore, any ROI where >10% of voxels had suffered
fit failure was not further considered for analysis. Stated
another way, the number of “data generating” (successfully
fit) voxels in an ROI had to be at least 450, and the ratio
of data-generating voxels to total voxels had to be at least
0.9. ROIs were used to calculate T2 and T2* average
and standard deviation for individual ROIs and for the
3 combined ROIs from the same tendon.

Signal-to-noise ratio (SNR) of the two acquisitions were
measured in 5 different tendons on the T2-weighted image
(at TE =13.6 ms) and on the T2*-weighted image (at TE
=0.09 ms) by taking the mean pixel intensity of the tendon
and dividing it by the standard deviation of noise from a
ROl in the background air.

Statistical analysis

The supraspinatus tendons were analyzed separately by
two raters; one analyzing images of operated shoulders
and the other the contralateral shoulders from the same
rabbit. To measure inter-rater variability, the intra-class
reliability assessment was used for 12 randomly selected
rabbit shoulders. In the first analysis, average (+ STD)
T2 times from individual ROIs in the same tendon and
from the 7 groups (4 channeling and 3 no channeling)
were compared using ANOVA with repeated measures.
In the second analysis, the effect of channeling was tested
by comparing the channeling and no-channeling groups
mean T2 times from the 3 ROIs using an independent
t-test. In the third analysis, the effect of surgical repair
was tested by comparing mean T2 times between repaired
and contralateral tendons at each time points using paired
t-tests. In the fourth analysis, one-way ANOVA tested
the effect of postoperative duration on T2 times for the
experimental and contralateral groups independently. The
0-week postoperative duration acted as a comparator for
all subsequent time points. The strategy for data analysis
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Figure 2 Strategy for data analysis and sample sizes. The number of regions of interest (ROI) analyzed are indicated for each group. P:

proximal; M: middle; D: distal.

and sample sizes in each group is illustrated in Figure 2.
P values less than 0.05 were considered statistically
significant. Statistical analysis was performed using
SPSS version 24.0 (IBM Corp., Armonk, NY, USA) and
Microsoft Excel 2010 (Microsoft, Redmond, WA, USA).

Results
Inter-rater agreement

For the T2 sequence the SNR measurement of the tendon
tissue resulted in 30.6+8.8 (at TE =13.6 ms), for the T2*
(UTE) sequence in 101.5+18.7 (at TE =0.09 ms). T2 and
T2* map measures of experimental and of contralateral
tendons were consistent between 2 raters with an inter-class
coefficient correlation of 0.94.

T2 and T2*-weighted maps analysis

T2 maps contained more voxels than T2* maps, resulting
in more data-generating voxels (Figure 34,B and Tables 1,2).
T2 maps from all repaired SSP tendons and most
contralateral tendons met the pre-determined thresholds
of 450 data-generating voxels (7able 1) and ratios of data-
generating voxels over total number of voxels of 0.9 (Table 2).
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T2* maps of only half of the repaired and contralateral SSP
tendons met the threshold of 0.9 and they were not further
analyzed (Tables 1,2). An example of the T2 relaxation
measurements and the mono-exponential fit from a single
pixel within a contralateral tendon using SI(TE) = S0-e
(TE/T2) as fit model (SI = signal intensity, TE = echo time,
S0 = signal intensity at TE =0, T2 = T2 relaxation time) is
shown in Figure 4. T2 relaxation time from the fit resulted
in 25.9 ms [95% confidence intervals: (24.4 ms; 29.1 ms)].

Effect of ROI position on T2 relaxation times

T2 relaxation times of the distal, middle and proximal
SSP tendon ROIs were not significantly different for both
controls and operated shoulders (all P>0.05) (Figure 5). The
homogeneous distal-to-proximal T2 times were observed
in the repaired and contralateral SSP tendons, at the
4 postoperative durations and whether or not there was
bone channeling (Figure 5). Given the lack of distal-to-
proximal gradient, T2 data from the 3 ROIs were averaged
to further compare groups.

Effect of channeling on T2 relaxation time

Bone channeling had no significant effects on T2 relaxation

Quant Imaging Med Surg 2021;11(8):3460-3471 | http://dx.doi.org/10.21037/qims-20-1343
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Figure 3 Representative T2 maps of the repaired supraspinatus (SSP) tendons 1 week after detachment and no healing time (Figure 34) and

after 4 postoperative weeks (Figure 3B) are represented as color-coded region of interest (ROI) overlays on the anatomical images. Colors

indicate voxels generating a signal that reached the threshold of 450 in the ROI shown in color proportional to the relaxation time and

according to scale.

Table 1 Mean number of voxel and data-generating voxels—combined regions of interest (ROI)

Relaxation type Postoperative duration Intervention

All ROIs

Number of voxels Data-generating voxels

T2 Week 0 Contralateral
Experimental

Week 4 Contralateral

Experimental

T2* Week 0 Contralateral
Experimental

Week 4 Contralateral

Experimental

695.5+188.2 675.3+190.1
781.8+89.3 751.2+100.1
675.1£115.9 671.4+112.1
729.3+56.8 724.0+58.2
542.8+153.9 426.2+190.3
564.9+128.6 414.2+180.6
613.3+165.4 456.9+184.6
583.3+120.4 389.8+199.6

ROIs were manually drawn on the first T2-weighted dataset from experimental and contralateral groups at 0 and 4 weeks. The average
number of voxels (+ STD) for all ROIs with a minimum of 450 voxels is indicated for each group. Data-generating voxels corresponded to
fitted voxels and ROIs with a minimum of 90% of fitted voxels were considered for analysis. The ratio of data-generating voxels to total

voxels was set at a minimum of 0.9.

time at all postoperative durations (all P>0.05) (Figure 6).
Given the lack of effect of bone channeling, T2 data from
the channeling and no-channeling groups were averaged to
further compare groups.

Effect of SSP tendon tear on T2 relaxation time

T2 of SSP tendon proper that were repaired 1 week
after tendon tear was significantly lower compared to the
contralateral SSP (20.0+3.4 ms vs. 25.6+£3.9 ms; P<0.05;
Figure 7).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Effect of surgical repair for up to 4 postoperative weeks on
T2 relaxation time

T2 increased with postoperative duration to 22.7+3.1 ms;
23.3£3.9 ms and to 24.0+5.1 ms respectively after 1, 2 and
4 postoperative weeks; all were significantly higher than the
operative day (week 0; 20.0+3.4 ms; all P<0.05; Figure 7).
No such increase in T2 relaxation time with postoperative
duration was detected in contralateral SSP (Figure 7).
Despite the postoperative time increase, repaired SSP

tendons T2 times remained statistically significantly lower
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Table 2 Ratio of data-generating voxels/number of voxels—combined regions of interest (ROI)

Relaxation type Postoperative duration

Intervention

Data-generating voxels/number of voxels

All ROIs

T2 Week 0 Contralateral 0.971
Experimental 0.961

Week 4 Contralateral 0.994

Experimental 0.993

T2" Week 0 Contralateral 0.785
Experimental 0.734

Week 4 Contralateral 0.749

Experimental 0.667

The ratio of data-generating voxels to total voxels for experimental and contralateral groups at weeks 0 and 4 and was set at a

minimum of 0.9.
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Figure 4 Example of the T2 relaxation measurements (circles) and
the mono- exponential fit (line) from a single pixel within the rabbit
supraspinatus tendon using SI(TE) = S0-¢(TE/T2) as fit model (SI
= signal intensity, TE = echo time, SO = signal intensity at TE = 0,
T2 = T2 relaxation time). T2 from the fit resulted in 25.9 ms [95%

confidence intervals: (24.4 ms; 29.1 ms)].

than their contralateral tendons even after 4 postoperative
weeks (all P<0.05; Figure 7).

Discussion

We found significantly shorter T2 relaxation times
in SSP tendon proper that improved with time after
surgical repair but had not reached contralateral values
after 4 postoperative weeks. By evaluating the effects
of channeling ahead of repair surgery on SSP tendon
compositional healing, this study has provided some

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

indication of the ineffectiveness of this biological
augmentation strategy.

We report reliable and reproducible T2 relaxation times
measured serially 1 week after SSP tendon detachment
and up to 4 weeks after surgical repair with a lateral
anchor. Bi-exponential relaxation time fitting requires
generally high SNR, a high ratio of the two relaxation
time components, and typically a large number of echoes
to minimize the error in the fitting process (32). Although
the UTE T2* sequence SNR in our study was relatively
high, we performed a mono-exponential relaxation decay
analysis due to the robustness of the mono-exponential
fitting approach. The tendon SNR of the T2 sequence was
sufficient to perform a classical single component T2 decay
fit (33). Therefore, we applied also a mono-exponential
decay analysis for T2 to achieve robust fitting results. The
mono-exponential analysis of T2 in this study represents a
weighted mean value from different transversal relaxation
time components. The shorter components originated from
bound water while the longer components originated from
free water (34). Tendons contain ~70% water partly bound
with collagens mainly type I and proteoglycans (14,35). In a
T2 mapping study of asymptomatic volunteers at 3T, mean
T2 values reported were 33.6+5.3 ms (36). Patients with
partial tears and minimally retracted full-thickness tears had
higher mean T2 values: 43.9£12.7 ms (36). Our T2 values
of contralateral rabbit SSP tendon proper (around 25 ms)
were shorter, supporting that changes in tendon structure
after surgical repair may be detectable by MRI.

We found shorter T2 relaxation times in detached
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Figure 6 Averaged T2 relaxation time (ms) for the three tendon
regions of interest (ROIs) with channeling (white) or without (grey)
after 0, 1, 2, and 4 weeks of healing. Relaxation time expressed as
the mean + STD of the three ROIs (given there was no significant
differences between ROIs: Figure 5) and number of shoulders
indicated on each bar. The effect of channeling was measured by
comparing channeling to no-channeling for the same healing time
point using unpaired #-test. All P values >0.05. The 0 weeks of
healing time point only had the channeling group. Sample size per

group indicated on the bars.

SSP tendons, confirming our first hypothesis. These are
consistent with tendon disuse where detached and retracted
tendons are no longer transmitting any load. In this study,
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Figure 7 Averaged T2 relaxation times (ms) for repaired
supraspinatus (SSP) tendons 1 week after detachment and 0, 1,
2, and 4 weeks of healing (grey) and for contralateral (white).
Relaxation times expressed as the mean (£ STD) of channeling
and of no channeling specimens (given there was no significant
differences between channeling and no-channeling: Figure 6) and
number of shoulders indicated on each bar. The effect of repair
over time was measured by comparing values for the experimental
and contralateral shoulders at individual time points (0: P<0.05).
Healing time of 1, 2, and 4 weeks, significantly increased T2
relaxation time compared to week 0 (*: P<0.05). Time had no effect
on contralateral (all P>0.05).

the duration of SSP tear was 1 week. This is important
clinically as poor tendon proper quality can complicate the
repair with poor suture purchase. We found that surgical
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repair partially overturned the T2 changes progressively
over 4 postoperative weeks which confirmed our second
hypothesis. These reveal a progressive return towards
normal of the SSP tendon proper structural properties
and potential benefits of the repair surgery that can be
monitored by imaging. The imaging also reliably correlated
with the mechanical restoration of SSP tendon repairs
on the same samples (37). However, the recovery was
incomplete after 4 postoperative weeks. This is important
clinically since re-ruptures were described to happen
more frequently at the tendon proper rather than at the
repair enthesis site (16). Therefore, low postoperative
T2 indicating incomplete biochemical and mechanical
healing could constitute clinically important indication
of incomplete healing and considered in postoperative
rehabilitation protocols. It is important to differentiate
the changes at the tendon proper from the changes at the
SSP tendon enthesis. The 4-zone enthesis is composed of
mineralized and unmineralized fibrocartilage. Similarly, the
different tissues at the tendon proper and at the enthesis
responded differently to tearing and surgical repair (27).
Postoperatively, increased T2 were measured at the repair
site where degenerated distal end, inflammation and post-
surgical reaction at the SSP enthesis are paramount,
constituting an entirely different process from what we
identified at the SSP tendon proper. Increased T1 and T2
contrast were associated with tendinitis (38).

The current study represents an important step towards
the transition to quantitative imaging of the SSP tendon
and provides preliminary data for clinical translation
to patient outcome and surgical studies. Quantitative
parameters of knee MR imaging at 3T and at 7T with
similar sequences and scan times were compared to evaluate
relevant anatomical areas including tendons (39). Imaging
accelerations such as parallel imaging and compressed
sensing can also be applied (40). Ultra-high-field MRI at
7T sequences with higher voxel-volume-adjusted SNR
compared to 3T can potentially improve diagnostic
accuracy.

Interventions aimed at augmenting rotator cuff repairs
such as bone channeling, as assessed in the current study,
are investigated for their potential benefits. The lack
of effect of bone channeling on T2 relaxation times is
consistent with previous data recorded at the enthesis (27)
and with mechanical data from the same specimens (37)
and supported our third hypothesis. Reasons for the lack
of efficacy may be size of channel, closing of channel in the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

preoperative period, or lack of contact between channel and
tendon postoperatively.

Limitations

The rabbit SSP tendon detachment model may not
accurately reflect the human SSP tendon tear. We
performed ex vivo imaging and postmortem cell
degeneration that could have modified the extracellular
matrix and thus altered the tendon biochemical properties.
This limitation would equally affect all specimens,
experimental and controls, and was minimized by applying
deep-freezing at -40 °C immediately after harvest and by
thawing and imaging at 4 °C. Repair sutures going through
the SSP tendon could theoretically have decreased T2 time.
The use of rabbits of similar age instead of contralateral
shoulders could have eliminated the possible influence of a
training effect. The stability of T2 signal in 112 different
tendons throughout the duration of the experiment argues
against a training effect and supports contralateral SSP
tendons as valid controls in this study. The lack of histologic
and morphologic assessments to correlate with imaging
results also represents a limitation.

Conclusions

SSP tendon tear of 1-week duration decreased T2
relaxation time as measured with 7T MRI. Surgical
repair progressively restored T2 times without reaching
contralateral levels after 4 postoperative weeks. Bone
channeling did not accelerate SSP tendon recovery.
Quantitative T2 maps using 7T MRI identified disuse of
the SSP tendon proper after a SSP tear and the benefits of
surgical repair which support its use for future preoperative
and postoperative investigations of SSP tendons.
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