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Abstract

As described in this case report, the use of the
320-Multidetector Computed Tomography scanner
(Aquilion One, Toshiba Medical Systems, Japan) to produce continuous 3-dimensional images in real time, over a
distance of 16 cm in the z-axis, proved to aid in the diagnosis of a patient’s restrictive elbow joint. This state-of-the-art
scanner allows fast and noninvasive dynamic-kinematic
functional evaluation of the elbow joint in vivo. It will also be
applicable to kinematic studies of other joints.

C

linical examination has the primary role in assessing musculoskeletal conditions. Imaging, on the
other hand, is an important investigational tool
in the diagnosis of joint disorders. Conventional
imaging is the first-line approach to bone and joint conditions. Plain radiography, computed tomography (CT),
and magnetic resonance imaging (MRI), however, may
fail to diagnose the cause of a restrictive joint condition.
Experimental studies have demonstrated joint kinematics
through periodic CT and MRI scanning of the joint in
static positions, which then allowed 4-dimensional (4D)
evaluation of joint motions.1-3 However, these modalities
involve longer total scan time, increased radiation exposure, tedious positioning of the joint during scanning, and
have not led to widespread clinical application.
As described in this case report, the use of the
320-Multidetector Computed Tomography (320MDCT) scanner (Aquilion One, Toshiba Medical
Systems, Japan) to produce continuous 3-dimensional
(3D) images in real time (4D), over a distance of
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16 cm in the z-axis, proved to aid in the diagnosis of
a patient’s restrictive elbow joint. This state-of-the-art
scanner allows fast and noninvasive dynamic-kinematic functional evaluation of the elbow joint in vivo. It
will also be applicable to kinematic studies of other
joints. The patient provided written informed consent
for print and electronic publication of this case report.

Case Report
A 50-year-old Bangladeshi woman with a past history
of malunited supracondylar fracture of the right distal
humerus was referred to the orthopedic outpatient clinic for assessment of persistent pain and stiffness of the
elbow joint that resulted in marked functional disability. On physical examination, she had disproportionate
pain on movement of the joint and severe restriction of
movement in all directions.
A radiograph of the right elbow showed malunion
of the distal humeral metaphyseal fracture with a spurlike bone density overlying the anteromedial aspect of
the distal humerus (Figure 1). The pain was managed
conservatively, with stellate ganglion block and physiotherapy. The patient achieved limited improvement
in range of motion of the elbow joint over the next 12
months: 20° to 60° flexion/extension arc of motion,
40° supination, and 90° pronation.
Given the very slow improvement in restrictive elbow
joint motion over the 1-year period, we performed dynamic-kinematic CT4 using the 320-MDCT scanner to further
elucidate the cause of this restriction. Several 320-MDCT
Figure 1. Radiograph
of right elbow showed
malunion of supracondylar fracture of
humerus resulting in
a spur-like bony projection (arrow) at the
anteromedial aspect of
distal humerus.
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Figure 2. Dynamic cine-mode imaging using 320-Multidetector
Computed Tomography scanner (Aquilion One, Toshiba
Medical Systems, Japan) confirmed the spur-like projection
at the anterior aspect of medial epicondyle of distal humerus
(arrow) impinging the coronoid process of ulna and restricting
further flexion movement of elbow joint at 55°.

findings were not evident on conventional imaging. First,
the spur-like bony projection was found to be impacted on
the coronoid process of the ulna, preventing flexion beyond
55° (Figure 2). Second, on elbow extension at 18°, the
olecranon impacted on a posteriorly angled distal humeral
fracture fragment, preventing further extension (Figure 3).
Open surgery on the elbow confirmed these imaging
findings. A 5-mm anteromedial osteophyte (corresponding to the “spur-like bony projection” on the scan) and
a 5-mm lateral osteophyte at the distal humerus (corresponding to the posterior angulation of the distal
humeral fragment) were excised. Three months later,
pain relief was complete, and functional improvement
was marked: 0° to 110° flexion/extension arc of motion
and full range of supination/pronation motions.
Image Acquisition Protocol
The 320 detectors in the 320-MDCT scanner allow 16-cm
coverage in the z-axis without table movement. Scans
were acquired dynamically, allowing visualization of the
joint motion in real time over the full 16 cm. Scanning
parameters used in this acquisition were 80 kilovolt peak
(KVp), 70 mA to 100 mA, and 0.35 second interval time.
Effective patient radiation doses were 0.51 mSv and
1.32 mSv for flexion/extension and supination/pronation
acquisitions, respectively. Thirty-six time points, covering 1 complete motion cycle of flexion/extension and
supination/pronation movements of the elbow joint, were
acquired. Total image acquisition time was 12.6 seconds.
320-MDCT Scanning Technique
The patient was positioned standing next to the gantry
with her right arm extended through the aperture of the
scanner. She was asked to perform flexion/extension and
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Figure 3. Dynamic cine-mode imaging using 320-Multidetector
Computed Tomography showed moderate posterior angulation
of distal fracture fragment (arrow). This restricted further extension of elbow joint at 18°.

supination/pronation motions without fixations to allow
natural movements of the elbow joint. She rehearsed
the movements several times until she could consistently
reproduce them with a steady “jerk-free” motion. The
scan acquisition was then manually started, and she began
the required motions when audibly cued. Acquisition was
manually terminated when the motions were completed.
Image Reconstruction Technique
Multiplanar images were reconstructed at 1-mm intervals,
and 3D images were generated using a volume-rendering
technique. The images were displayed over time in cine
mode showing the motions of the joint in 4D.

Discussion
Supracondylar fractures of the adult humerus are uncommon and often difficult to manage due to the complexity
in the anatomy of the elbow joint that allows for motion
in multiple planes. 5 In a series of 50 patients with supracondylar humeral fractures, comminuted fractures were
best managed conservatively, with closed reduction and
traction, to allow good functional outcome of the elbow
joint.5 Poor outcomes of conservative management, however, are debilitating. Patients with poor outcomes often
report severe limitations of arc motion resulting in functional disability and persistent pain, which are secondary
to fracture malunion or nonunion.6 In our patient’s case,
persistent pain and limitation in elbow movements were
secondary to malunion of the supracondylar fracture.
In the initial evaluation of chronic posttraumatic
elbow pain and limitation of arc motion, plain radiography of the elbow is the most appropriate imaging modality because of its availability and low cost.7-9 In cases in
which radiographs are nondiagnostic, CT or MRI can be
useful in diagnosing posttraumatic joint pathologies.7,9
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Kinematic imaging allows visualization of the interactions between various parts of a joint in real time, and
thus, provides the clinician with another dimension of
information. Experimental studies have evaluated the
kinematics of joint motions using various modalities.
Tay and colleagues2 studied the kinematics of wrist joint
motion in a cadaveric model using modified 64-slice
cardiac gated CT. However, the temporal resolution of
that modality is insufficient and produces mid-motion
artifacts. It also requires repeated, periodic motions
over multiple acquisitions, limiting its clinical application. Crisco and colleagues1 described using multiple
static CT volume image data sets acquired at various
positions to simulate joint motion. The main limitation
of this method is that motion is simulated rather than
being directly visualized. Other modalities described as
overcoming the limitation of serial static images in the
assessment of complex elbow joint disorders are lateral
fluoroscopy with CT registration10 and fusion of radiostereometric analysis with spiral CT dataset11 to evaluate joint motions. These modalities involve tedious and
complex data processing.
MDCT allows image acquisition in high spatial and
temporal resolution for superior anatomical information.4 MDCT was also reported in a large study to be
the gold standard for adequate evaluation of structures
in the assessment of complex joint fractures.8 However,
most standard MDCT scanners (4-MDCT, 16-MDCT,
64-MDCT) do not yield kinematic information during joint scanning. The 256-MDCT scanner described
by Kalia and colleagues4 allows excellent dynamickinematic assessment of joints, though, in comparison
with the 320-MDCT scanner described in our study, it
holds the slight disadvantage of a narrower scan field of
view, 12.8 cm in the z-axis—the result of having fewer
detector rows.
The recently introduced high-resolution 320-MDCT
scanner offers an improved imaging technique that
enables dynamic-kinematic viewing of structures over
16 cm in the z-axis without table movement. Its current
clinical application is scanning an entire functioning
organ, such as the heart, brain, or larynx, in a single
motion cycle.12-14 Similarly, it enables scanning of the
entire elbow joint in a single motion cycle, and therefore, allows brilliant visualization of the complex joint
motion in real time that cannot be observed with traditional helical CT scanners or experimental kinematic
CT. This is possible because of the increased number of
detector rows with faster acquisition times, which translate into better temporal resolution with less radiation
exposure to the patient.
In our patient’s case, the 320-MDCT scanner provided anatomical and functional information that cannot
be illustrated on conventional imaging—including the
osteophytes and the posteriorly angled distal humeral
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fragment that reduced the flexion/extension arc of
motion to 18° to 55° (Figures 2, 3). Clinical improvement in joint function after surgery further substantiated
the accurate diagnosis demonstrated by the 320-MDCT
scanner. This dynamic-kinematic modality has provided
valuable insight into the diagnosis and management of
a restrictive elbow joint.

Conclusion
The 320-MDCT scanner enables multiplanar visualization of joint motions in real time. With use of this dynamic-kinematic modality, vivid images of joint structures can
be viewed under physiologic conditions, allowing for functional assessment of a complex joint and identification of
the cause of its dysfunction, which are not possible with
conventional imaging.
Authors’ Disclosure
Statement

The authors report no actual or potential conflict of interest in relation to this article.

References

1. Crisco JJ, McGovern RD, Wolfe SW. Three-dimensional joint kinematics
using bone surface registration: a computer assisted approach with an
application to the wrist joint in vivo. In: Wells WM, Colchester A, Delp S, ed.
MICCAI’98, LNCS1496. Berlin Heidelberg; Springer-Verlag; 1998:696-699.
2. Tay SC, Primak AN, Fletcher JG, et al. Four-dimensional computed
tomographic imaging in the wrist: proof of feasibility in a cadaveric model.
Skeletal Radiol. 2007;36(12):1163-1169.
3. Muhle C, Brossmann J, Heller M. Kinematic CT and MR imaging of the
patellofemoral joint. Eur Radiol. 1999;9(3):508-518.
4. Kalia V, Obray RW, Filice R, Fayad LM, Murphy K, Carrino JA. Functional
joint imaging using 256-MDCT: technical feasibility. AJR: Am J Roentgenol.
2009;192(6):295-299.
5. Horne G. Supracondylar fractures of the humerus in adults. J Trauma.
1980;20(1):71-74.
6. McKee M, Jupiter J, Toh CL, Wilson L, Colton C, Karras KK. Reconstruction
after malunion and nonunion of intra-articular fractures of the distal
humerus. Methods and results in 13 adults. J Bone Joint Surg Br.
1994;76(4):614-621.
7. Issack PS, Egol KA. Posttraumatic contracture of the elbow: current management issues. Bull Hosp Jt Dis. 2006;63(3-4):129-136.
8. Mustonen AO, Koskinen SK, Kiuru MJ. Acute knee trauma: analysis of
multidetector computed tomography findings and comparison with conventional radiography. Acta Radiol. 2005;46(8):866-874.
9. American College of Radiology. ACR Appropriateness Criteria® chronic
elbow pain. 1998. http://www.acr.org/SecondaryMainMenuCategories
/quality_safety/app_criteria/pdf/ExpertPanelonMusculoskeletalImaging
/ChronicElbowpainDoc6.aspx. Accessed July 20, 2010.
10. Matsuki KO, Matsuki K, Mu S, et al. In vivo 3D kinematics of normal forearms: analysis of dynamic forearm rotation. Clin Biomech.
2010;25(10):979-983.
11. Ericson A. Elbow Kinematics. Studies of the Elbow Joint Under Normal
Conditions and After Joint Replacement [doctoral thesis]. Stockholm,
Sweden: Karolinska Institute, Department of Molecular Medicine and
Surgery; 2010.
12. Siebert E, Bohner G, Dewey M, et al. 320-slice CT neuroimaging:
initial clinical experience and image quality evaluation. Br J Radiol.
2009;82(979):561-570.
13. Klingebiel R, Siebert E, Diekmann S, et al. 4-D imaging in cerebrovascular
disorders by using 320-slice CT: feasibility and preliminary clinical experience. Acad Radiol. 2009;16(2):123-129.
14. Inamoto Y, Fujii N, Saitoh E, et al. Evaluation of swallowing using
320-detector-row multislice CT. Part II: kinematic analysis of laryngeal closure during normal swallowing. Dysphagia. 2011;26(3):209-217.

www.amjorthopedics.com

