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Abstract

Background: MRI is commonly used to evaluate pediatric musculoskeletal pathologies, but
same-day/near-term scheduling and short exams remain challenges.

Purpose: To investigate the feasibility of a targeted rapid pediatric knee MRI exam, with the goal
of reducing cost and enabling same-day MRI access.

Study Type: Cost effectiveness study done prospectively.
Subjects: 47 pediatric patients.

Field Strength/sequence : 3T. The 10-minute protocol was based on T2 Shuffling, a four-
dimensional acquisition and reconstruction of images with variable T2 contrast, and a T1 2D FSE
sequence. A distributed, compressed sensing-based reconstruction was implemented on a four-
node high-performance compute cluster and integrated into the clinical workflow.

Assessment: In an institutional review board approved study with informed consent/assent, we
implemented a targeted pediatric knee MRI exam for assessing pediatric knee pain. Pediatric
patients were sub-selected for the exam based on insurance plan and clinical indication. Over a
two-year period, 47 subjects were recruited for the study and 49 MRIs were ordered. Date and
time information was recorded for MRI referral, registration, and completion. Image quality was
assessed from 0 (non-diagnostic) to 5 (outstanding) by two readers, and consensus was
subsequently reached.
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Statistical Tests: A Wilcoxon rank-sum test assessed the null hypothesis that the targeted exam
times compared to conventional knee exam times were unchanged.

Results: Of the 49 cases, 20 were completed on the same day as exam referral. Median time
from registration to exam completion was 18.7 minutes. Median reconstruction time for T2
Shuffling was reduced from 18.9 minutes to 95 seconds using the distributed implementation.
Technical fees charged for the targeted exam were one third that of the routine clinical knee exam.
No subject had to return for additional imaging.

Data Conclusion: The targeted knee MRI exam is feasible and reduces the imaging time, cost,
and barrier to same-day MRI access for pediatric patients.

Keywords

MR value; T2 Shuffling; 3D FSE; Turbo spin-echo (TSE); Compressed sensing; Rapid multi-
contrast imaging

INTRODUCTION

Magnetic resonance imaging (MRI) is a common diagnostic method for evaluating various
musculoskeletal pathologies. In children and adolescents, the knee is the most common joint
assessed with MRI (1). Between 2011 and 2014, approximately 5.6 million sports and
recreation related injuries occurred in child and adolescent populations, accounting for 28%
of emergency visits (2). Among these visits, 42% were due to lower extremity injuries (3).

In very young pediatric patients, knee MRI is often used to evaluate developmental
conditions and non-traumatic pain (4). In pediatric populations, common injuries are
meniscal pathology, cruciate ligament tears, and cartilage abnormalities; these are assessed
well with MRI (1). Despite its advantages, MRI of the pediatric knee presents several
challenges due to requirements for high (sub-millimeter) spatial resolution, leading to
lengthy scan and exam times. As a result, increased patient anxiety and discomfort may lead
to motion, resulting in imaging artifacts. A secondary effect of the long exams is high cost,
limiting the value of the MRI exam in the context of clinical care.

Typically, patients first access care through a consultation visit with an orthopedic surgeon.
Based on the clinical indication, the orthopedist may request an MRI. After insurance
authorization is granted, the patient is scheduled for an MRI, usually in the following weeks.
The scheduling process is often long, and the appointment is usually disruptive to work for
parents and to school for children. Following insurance authorization and exam scheduling,
the patient returns on the scheduled date for the MRI. The MRI protocol for routine knee
imaging often consists of multiple two-dimensional (2D) fast spin-echo (FSE) acquisitions,
each at a different orientation to account for voxel anisotropy, as well as at a different target
image contrasts to assess various pathology (5, 6). For pediatric patients, the exam typically
lasts between 25 to 45 minutes.

Volumetric alternatives to the standard knee protocol are attractive because they theoretically
provide isotropic resolution and larger slice coverage, enabling multiplanar reformats and
eliminating the need to separately scan at multiple orientations with additional technologist
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planning. The primary challenge with 3D FSE acquisitions is the tradeoff between scan time
and image blurring due to long echo trains (7). Parallel imaging (8, 9) and compressed
sensing (10) combined with variable refocusing flip angles (7, 11) have been used to
accelerate 3D FSE knee imaging to obtain whole coverage in 5 minutes (12-14).
Nonetheless, true clinical adoption with replacement of conventional 2D imaging is seldom
described, likely due to persistent blurring artifacts. In recent work, a fast pediatric knee
exam consisting of two 5-minute 3D FSE scans has demonstrated excellent sensitivity and
specificity compared to arthroscopy (15). A double-echo steady state (DESS) sequence was
also proposed for 3D coverage in 5 minutes, simultaneously providing morphology and
quantitative T2 values with near-isotropic resolution (16). The approach shows excellent
sensitivity and specificity for evaluating osteoarthritis pathology, but the unfamiliar image
contrasts produced by DESS require further evaluation for clinical adoption, particularly for
a pediatric setting.

An acquisition based on 3D FSE was recently proposed that permits volumetric
reconstruction of images with contrast varying from proton-density (PD) weighting to
increasing T2 weighting (17). This seven-minute acquisition, termed T2 Shuffling (T2Sh),
uses ideas from compressed sensing to accelerate the acquisition and mitigate blurring due
to T2 decay by accounting for relaxation behavior. A prior study with 30 consecutive
patients investigating a single-sequence protocol using T2Sh, compared against the
conventional protocol, indicated that missing clinically relevant pathology is unlikely (18).
The use of T2Sh in a targeted exam is attractive as it provides isotropic-resolution images at
multiple clinical contrasts, obviating the need for a number of conventional 2D scans. The
purpose of this study was to determine feasibility and impact of a targeted rapid MRI exam
based on T2Sh for pediatric knee imaging at 3T.

MATERIALS AND METHODS

Patient Recruitment:

With institutional review board approval and informed patient consent and/or assent, a
targeted knee MRI exam for evaluating pediatric knee pain was implemented in our
institution on two 3T MRI scanners (MR750, GE Healthcare, Waukesha, W1 USA) with 16
channel flex coil arrays (GEM Suite, GE Healthcare, Waukesha, WI USA). Insurance plans
were reviewed to sub-select those plans with high likelihood of waived authorization, rapid
authorization, or retroactive insurance authorization. Patients with indications of anterior
knee pain, suspicion of osteochondral lesions, anterior cruciate ligament (ACL) tears, and
meniscal pathology were eligible for the rapid protocol knee MRI exam, given that prior
work validated the accuracy of diagnosing these conditions (18). A mechanism of
communication between the orthopedic surgical clinic and an adjacent MRI scanner (10
meters from the clinic) was established. When a targeted knee MRI was requested, a Current
Protocol Terminology (CPT) 52 modifier code was included to indicate a reduced charge
relative to the routine lower extremity joint without contrast (CPT 73721). From October
2016 to May 2018, 47 subjects (mean age 14, 19 male, 28 female) satisfying the inclusion
criteria were recruited. Two patients had requests for bilateral knee MRIs, resulting in 49
targeted knee MRI orders. Patients were accommodated into the clinical schedule by
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leveraging two detachable MRI tables such that a patient could be prepared and placed on
one table while the prior patient was still getting scanned on the other.

Data Acquisition:

A four-dimensional FSE acquisition, termed T2Sh, that encodes the knee anatomy in a
volumetric fashion and also permits reconstruction of images with variable T2 contrast, was
implemented (17). The acquisition used a randomized view ordering to re-acquire phase
encode samples during the FSE echo trains. A 10-minute targeted knee MRI protocol was
designed, consisting of a localizer (1 minute), fat-suppressed (FS) T2Sh (7 minutes) with
source images reconstructed in the sagittal plane, and a 2D coronal non-FS FSE T1 (3
minutes).

Based on technologist evaluation, scans were repeated or added if necessary, e.g. due to
motion artifacts or incorrectly prescribed field of view (FOV). The typical prescribed scan
parameters, shown in Table 1, were modified from those reported in a previous clinical study
(18). The repetition time (TR) for the T2Sh scan was lowered from 1400 ms to 1200 ms to
increase scan efficiency, as the increased T1 weighting was found to be tolerable. In
addition, a partial Fourier fraction of 65% was used as it was found to reduce residual
incoherent artifacts (19). Scan parameters (e.g. FOV, number of slices) were adjusted
slightly for each patient on a case-by-case basis, as part of routine clinical practice.

Image Reconstruction:

The T2Sh reconstruction was initially implemented as described in (17, 18, 20), and
reconstruction parameters were held fixed during the study. Coil compression to seven
virtual channels was used to accelerate the reconstruction (21). To improve robustness to
FQV prescription, two sets of Soft-SENSE coil sensitivity maps were estimated using
ESPIRIT (22), an auto-calibrating parallel imaging method. ESPIRIT parameters were
selected using a parameter-free approach based on a noise pre-scan (23). Each slice was
reconstructed independently following a Fourier transform in the readout direction. Four
basis coefficient images were used in the T2Sh reconstruction, and locally low rank
regularization was used with a 12-by-12 patch size and regularization value of 0.0125 (17).
The FISTA iterative algorithm was used with 250 iterations (24). End-to-end processing, i.e.
raw data to final DICOM images, was integrated into the hospital environment so that the
images could be auto-transferred to the scanner console and to the Picture and Archiving
Communication System (PACS) following reconstruction.

Using the Orchestra software development kit (GE Healthcare, Waukesha, W1 USA), the
raw data were converted to a data format compatible with the Berkeley Advanced
Reconstruction Toolbox (BART) (25, 26). The reconstruction, including coil compression,
coil sensitivity calibration, iterative compressed sensing, and Homodyne filtering (27), were
carried out with BART. Following the reconstruction, gradient non-linearity correction was
applied, and the results were saved as DICOM images using Orchestra.

Ongoing work during the study led to an efficient, distributed implementation of the
reconstruction that leveraged multiple machines with multiple computer processing units
(20). A four-node high performance computing cluster was deployed at the hospital in
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January, 2018 and connected to a local network shared by the scanner and the hospital PACS
through a one-gigabit-per-second (Gbps) connection. The compute cluster had an internal 10
Gbps network. Each compute node had a dual-socket Intel® Xeon®! Platinum 8180
processor with 28 cores and 192 GB of RAM (Intel Corporation, Santa Clara, CA, USA).
Reconstructed sagittal source images corresponding to contrast-equivalent echo times (TE)
(11) of 20 ms (PD weighted), 50 ms (intermediate weighted), and 100 ms (T2 weighted)
were sent to the scanner and to the PACS. Following the reconstruction, images were
reformatted by the technologist on the scanner console into axial, sagittal, and coronal
planes with 2.4 mm slice thickness and 50% overlap between slices.

Date and time information was recorded for MRI exam referral and registration. Start and
end times were logged for each sequence in the exam and used to assess total exam times.
Descriptive statistics related to the patient cohort and the scans were analyzed, including
instances where scans were repeated. Clinical indications leading to the MRI order were also
noted. End-to-end reconstruction times were evaluated before and after the deployment of
the distributed cluster. Image quality was assessed by two readers (J.S. and F.W., 4 and 8
years’ experience respectively) on a scale from 0 (non-diagnostic) to 5 (outstanding anatomy
delineation), and consensus was subsequently reached.

To determine the impact on access to MRI and ability to offer walk-in scans, the MRI
scheduling times were also compared to those of a control cohort of 50 consecutive patients
referred for the conventional lower extremity knee MRI. The conventional exam consisted of
the following 2D sequences: axial PD FS, coronal T2 FS, coronal T1, sagittal PD FS,
sagittal PD, and sagittal T2 FS. A one-sided Wilcoxon rank sum test assessed the null
hypothesis that the scheduling time between MRI order and exam dates for the targeted and
conventional exams is unchanged. Additionally, targeted MRI exam times were also
compared to those of the conventional knee MRI exam across 20 consecutive patients before
the introduction of T2Sh. Another one-sided Wilcoxin rank sum test assessed the null
hypothesis that exam times for the targeted and conventional exams were unchanged.
Patients were not scanned with both the targeted protocol and the conventional protocol.

Figure 1 shows a bar chart of the primary clinical indication for each exam order, as well as
image quality consensus ratings. The most common reason for exam referral was to evaluate
meniscal tear, followed by knee pain. Greater than 85% of the cases were rated as very good
to outstanding. No exams were deemed non-diagnostic or poor quality. Due to the inclusion
of a CPT modifier code, the technical fees of the targeted knee MRI were reduced to one
third the cost of the routine knee MRI.

Figure 2 shows two representative cases referred for meniscal tear. The first case shows
T2Sh images reformatted into PD weighted sagittal, T2 weighted coronal, and intermediate

Lintel and Xeon are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries. Other names and brands may
be claimed as the property of others.
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weighted axial planes. Note the sharpness of the reformatted images, which confirmed a
meniscal tear. In the second case, the clinical suspicion was a meniscal tear, but the MRI
diagnosis was a bone bruise. The edema in the bone is well-visualized in the coronal T2
weighted reformat of the T2Sh images and also seen in the T1 coronal image.

Figure 3 shows the MRI findings for a 15-year-old male patient evaluated for ACL and
meniscal tears. The T2Sh image reformatted into sagittal PD weighting shows increased
signal with indistinct ACL fibers consistent with high grade tear. The T1 coronal image
shows a tear of the medial meniscus, which is also well-visualized in the T2Sh image
reformatted into coronal T2. Figure 4 presents a case of a 10-year-old female patient
evaluated for ACL tear vs. avulsion following a ski accident. T2Sh images of the patient
show a partial tear of the deep fibers of the medial collateral ligament with some mild
associated subcortical edema. An avulsion injury from the tibial spine at the ACL
attachment is also seen on the T2Sh images reformatted to coronal intermediate weighting
and sagittal T2 weighting.

Figure 5 shows a 14-year-old male patient evaluated for internal derangement of the right
knee following a soccer injury. The T2Sh image reformatted into axial PD is annotated to
demarcate the patellar tendon, ACL fibers, meniscus, and medial collateral ligament (MCL).
Coronal T2Sh images with intermediate weighting and T2 weighting show bone bruise and
partial tearing/sprain of the MCL. The edema in the bone is well-visualized in the T2Sh
sagittal source images, with contrast varying from PD to T2 weighting.

Figure 6 shows histograms and cumulative distributions of the number of days between
exam order to exam registration for both the targeted knee MRI exam and the conventional
knee MRI exam. Of the 49 targeted knee MRI orders, 20 exams (41%) were completed on
the same day as requested. The median time from order to completion was 6 days (minimum
of 0 days, maximum of 54 days). The cumulative distribution for the targeted knee MRIs
shows that the majority of cases were completed in less than one week, and only a small
number of cases took more than two weeks to complete. In comparison, no conventional
knee MRI cases were completed on the same day as the order. The median time from order
to completion was longer than that of the targeted knee exam (8 days), and a number of
cases required multiple weeks to months of turnaround time. The time from order to
completion for the targeted exam was significantly lower compared to the conventional
exam (Wilcoxon rank-sum test, p <.01).

The histograms and cumulative distributions of exam times for both the targeted knee MRI
and the conventional knee MRI are shown in Figure 7. Median time from registration to
exam completion for the targeted MRI exam was 18:44 minutes (minimum of 10:28
minutes, maximum of 37:14 minutes). Mean and median exam times are similar, indicating
few outliers. There were a large number of exams that took under 15 minutes to complete.
This corresponds to 20 cases (41%) that did not have additional or repeated image
sequences. Nonetheless, a number of cases had repeated scans, most often due to motion
artifacts. There were 13 cases in which the 2D coronal T1 scan was repeated, and there were
five cases in which the T2Sh scan was repeated. Additionally, seven cases included a 2D
sagittal T2 FS scan at the discretion of the technologist. Finally, one case included an
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additional 5-minute T2Sh research scan to evaluate image quality with a reduced acquisition
time. In comparison, the median exam time for the conventional exam was 31:40 minutes
(minimum of 23:49 minutes, maximum of 46:16 minutes). The targeted knee MRI reduced
exam time on average by 40%. The exam times for the targeted exam were significantly
lower compared to the conventional exam (Wilcoxon rank-sum test, p < .01).

Figure 8 shows three examples of failures in the T2Sh scan that required repeated or
alternate scans. The first case shows artifacts due to patient motion during the scan,
rendering the T2Sh and T1 coronal images non-diagnostic. The scans were subsequently
repeated. The second example shows an instance where the non-imaged knee wrapped into
the FOV due to the non-selective RF excitation and technologist error in patient positioning.
The scan was repeated with the alternate leg placed farther from the imaging FOV. In the last
case, the fat suppression failed, and the patient was moved to an alternate scanner. Taking
into account this case, no patient had to return for additional imaging.

Figure 9 shows the histograms of the T2Sh processing times before and after the
introduction of the distributed reconstruction. The median processing time before using the
multi-node cluster was 18:48 minutes (minimum of 15:06 minutes, maximum of 83:35
minutes). There were two instances where the processing time exceeded 26 minutes. This
was a result of using an older backup machine for the reconstruction while the load balance
was not ideal on the hospital’s computing resources. After deploying the distributed
reconstruction, the median processing time2,3 was reduced to 1:35 minutes (minimum of
1:09 minutes, maximum of 3:00 minutes). The dramatic speedup in processing times was
primarily due to (i) the use of multiple machines for each reconstruction, and (ii) optimizing
core components of the iterative reconstruction algorithm (20).

DISCUSSION

Accelerated scanning methods aim to reduce exam times and increase patient throughput in
a clinical environment. An important component to the MR value equation is the cost to the
patient. This study evaluated a targeted knee MRI exam that was designed for specific
clinical indications in a pediatric population with the goal of reducing time, charges, and
burden to the patient and family. The exam was based on T2Sh as a mechanism for obtaining
fat-suppressed images in multiple orientations and contrasts. The T2Sh scan was paired with
a 2D T1 coronal scan without fat suppression in order to obtain complementary information
about bone marrow and anatomy. As the imaging time was reduced compared to the
conventional knee MRI, a reduced charge CPT modifier code was used for insurance billing,
lowering the technical fees to one third of the conventional knee MRI fee. Although the scan
time reduction was less than one third, the cost of the targeted exam was only professional

2performance results are based on testing as of May 30, 2018, and may not reflect all publicly available security updates. See
configuration disclosure for details. No product can be absolutely secure.

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors.
Performance tests, such as image reconstruction time, are measured using specific computer systems, components, software,
operations and functions. Any change to any of those factors may cause the results to vary. You should consult other information and
performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when
combined with other products. For more complete information visit www.intel.com/benchmarks.
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costs of the radiologist and minimal costs associated with reporting infrastructure. The
magnet, technologists, and receptionists were already present.

The targeted knee MRI exam was designed to fit in between already scheduled patients
during the day. The purpose for this decision was so that patients could be seen the same day
as their initial visit to the orthopedist. In this study, 20 of the 49 cases were scanned on the
same day. A number of situations likely arose in which (i) the staffing schedule still could
not accommodate the MRI, or (ii) the patients and parents elected to return on a different
day as a matter of convenience. Although there was no obvious pattern based on age or time
of year, the exam registration time was a positive predictor for likelihood of same-day scan:
15 of the 18 cases with exam registration between 2 pm and 6 pm were same-day orders.
Conversely, only 5 out of 31 cases were same-day orders outside this window. This may
indicate that patients who are seen by an orthopedic surgeon in the morning are more likely
to be subsequently scheduled for their MRI later that day. In comparison, our institution had
no instances of same-day scheduling for routine knee MRI prior to the introduction of the
targeted knee exam.

After the deployment of the distributed reconstruction, the reconstruction times for T2Sh no
longer impacted the technologists’ workflows, as the images were available on the scanner
console before the coronal T1 scan finished. As a result, the technologist could immediately
review the images for quality and initiate the multi-planar reformats. The distributed cluster
used four high performance compute nodes, each with a cost of about $10,000. Although the
high cost may pose a barrier to the widespread use of the proposed MRI exam, the amortized
cost is expected to be low, as similar targeted MRI exams can be developed for other joints
to leverage T2Sh and other high-computation MRI methods. The authors in (20) simulated a
scenario where every clinical scan required specialized parallel imaging and compressed
sensing reconstructions, finding that two compute clusters could fully serve the
reconstruction needs of a large hospital.

A major challenge with pediatric imaging is patient cooperation during the exam. Although
on average the targeted knee MRI reduced the exam time, a large number of cases still had
additional scanning. Surprisingly, the 2D coronal scan was repeated more often than the
T2Sh scan. This may be a result of the lower risk in re-acquiring a three-minute scan versus
the longer seven-minute T2Sh scan. A number of cases used additional 2D imaging
sequences following the targeted protocol, likely related to technologist familiarity. As a
result, the total scan time was greater than 20 minutes in about half the cases. The need to
repeat scans poses a risk in the “on-demand” scheduling model, but it is not unique to the
targeted knee MRI exam. In particular, motion during scans is common with pediatric
patients and best mitigated through proper patient preparation (28, 29). Ongoing
technologist training may impact this as well. Although it is possible for attending
radiologists to provide image quality feedback before the patient leaves the table, this is not
common for non-contrast joint MRI. Therefore, there may be a change in technologists’
workflows and training, e.g. to identify when the single-sequence scan needs to be repeated.
Nonetheless, the mean exam times were still nearly two times lower compared to the
conventional lower extremity knee MRI.
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Volumetric knee MRI has long been described and compared against 2D imaging. However,
true penetration of the technique into clinical practice has been hindered by residual image
blurring, likely from T2 decay over the long echo trains required for the volumetric
technique. T2Sh eliminates this source of blurring, and hence, this work reports volumetric
proton-density and T2 weighted imaging actually supplanting 2D FSE scanning in clinical
practice. As no patient had to return for additional imaging, we have shown feasibility of the
technique. Further, the impact of implementation was not only enabling same-day MRI in
our practice for enhanced patient access and convenience, but also to reduce charges by two-
thirds. A similar model may be possible for other exams based on one or two volumetric
scans (15, 16). We are evaluating the use of T2Sh for other musculoskeletal exams in our
institution, including a 5-minute reduced TR acquisition.

A limitation of this study was that arthroscopic data was not available to corroborate the
MRI findings, though the focus of this study was on scheduling feasibility. A second
limitation was that there was little control over the interplay between the orthopedic
surgeons, radiologists, technologists, and patients. Thus, although the study presented a
compelling case for inclusion of a high-value MRI exam, the volatility of the hospital
workflow reduced the ability to accurately attribute cause and effect for scan times and
patient throughput. A third limitation was the relatively small number of participants. The
targeted knee exam was intentionally limited to a small subset of clinical indications and
insurance pre-authorizations during its initial implementation, but further evaluation is
required. Finally, the study was biased by only including subjects who were eligible for the
targeted knee protocol. It is possible that the patients who were sub-selected based on
insurance authorization were better equipped to accommodate an MRI exam under short
notice, and furthermore were more cooperative during the exam.

In conclusion, this study has shown that a targeted knee MRI exam based on T2 Shuffling
has the potential to reduce exam times and costs to the patients in a pediatric population.
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Figure2.
Two patients with clinical indication of meniscal tear. (a) A 13-year-old female patient

evaluated for internal derangement of the left knee. T2Sh images reformatted into (left)
sagittal PD, (middle) coronal T2, and (right) axial intermediate weighting. Clinical suspicion
of lateral meniscal tear was confirmed with MRI (yellow arrows). Additional related
findings were medial discoid meniscus (red arrow) and bone marrow edema (white arrow).
(b) Patient presented with knee pain and clinical suspicion of meniscal tear; (left) coronal
nonfat-suppressed T1, and (right) T2Sh reformatted to coronal T2 weighted images are
shown. Note the bone bruise, marked by the yellow arrows.
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Figure 3.
A 15-year-old male patient evaluated for ACL/meniscus. T2Sh image reformatted into

sagittal PD (left) shows high signal wavy ACL fibers consistent with high grade tear (red
arrow). Coronal T1 (middle) and T2Sh image reformatted into coronal T2 (right) show tear
of medial meniscus (white arrows).
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Figure 4.
A 10-year-old female patient with concern for ACL tear vs. avulsion with history of ski

accident. Left: a partial tear of the deep fibers of the medial collateral ligament (white arrow)
with some mild associated subcortical edema (red arrow) shown in the T2Sh image
reformatted to T2 coronal. Avulsion injury from the tibial spine at the ACL attachment seen
on T2Sh images reformatted to (middle) intermediate weighting coronal and (right) T2
sagittal planes (yellow arrows).
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Figureb.
A 14-year-old male evaluated for internal derangement of the right knee. Top left: annotated

T2Sh image reformatted axially with PD contrast. The T2Sh images reformatted into
intermediate and T2 weighted coronal planes (top middle and top right, respectively) show
bone bruise (white arrow) and partial tearing/sprain of the medial collateral ligament (red
arrows). T2Sh sagittal source images with (bottom left) PD, (bottom middle) intermediate
weighting, and (bottom right) T2 weighting show the bone bruise (white arrow).
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a. Distribution of number of days between order and exam date (Targeted)
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Histograms of number of days between exam order and exam completion for (a) targeted
knee MRI exam and (b) conventional knee MRI exam. Mean and median number of days are
shown with solid red and dashed black lines, respectively. (c) Cumulative distributions for

targeted (solid blue line) and conventional (dashed red line) order days.
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Distribution of exam times in minutes (Targeted)
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Figure7.
Histograms of exam times for (a) targeted knee MRI exam and (b) conventional knee MRI

exam. Mean and median exam times are shown with solid red and dashed black lines,
respectively. (c) Cumulative distributions for targeted (solid blue line) and conventional
(dashed red line) exam times.
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Figure 8.
Examples of T2Sh scans with suboptimal image quality. Left: motion during the scan

reduced the apparent resolution. Middle: aliasing from other knee due to patient placement
and a non-selective RF excitation (red arrows). Right: fat suppression failure during the scan.
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a Distribution of reconstruction time in seconds (Legacy Recon)
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Figure9.
Histograms of T2Sh reconstruction times in seconds (a) before and (b) after deployment of

the optimized reconstruction with distributed processing. Note that the plot scaling differs
due to the disparity in reconstruction times. Mean and median reconstruction times are
shown with solid red and dashed black lines, respectively.
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Targeted knee MRI typical scan parameters.

Table 1.

3D Sagittal T2Sh FS 2D Coronal T1

TR (msec) 1200
TE (msec) -
Echo spacing (msec) 6
Echo train length 83
Bandwidth (kHz) 62.5
Fat Saturation Efficiency 0.85
Field of view (cm?) 16 x 14.4
Matrix size 288 x 260
Resolution (mm?2) 0.6 x 0.6
Slices 240
Slice thickness (mm) 0.6
Slice gap (mm) -
Partial Fourier fraction 0.65
Scan time (min:sec) 7:04

700
18
8
3
50
14 x 12.6
416 x 288
0.3x0.4
28
2.5
0.5
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