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Musculoskeletal (MSK) imaging is an
important diagnostic and teaching tool. Magnetic
resonance imaging (MRI) in par ticular holds great
potential for clinical and research purposes due to
the ability to display high definition images of the
MSK system. While the potential uses of MRI are
exciting there are also reasons to be cautious
primarily due to the expense and situations where
the evidence for improved patient outcomes with
increased use of MRI is lacking.
PRINCIPLE OF MRI

MRI is based on the reemission of an
absorbed radio frequency ( rf ) signal while the
patient is in a strong magnetic field. An external
magnetic field is usually generated by a magnet
with field strengths of 0.2 to 1.5 tesla (T). When
the patient's tissues are subjected to this strong
magnetic field, protons align themselves with
respect to the field. In this steady state, a
radiofrequency pulse is applied, which excites the
magnetized protons in the field. After application of
this pulse, a receiver coil or antenna listens for an
emitted radiofrequency signal that is generated as
these excited protons relax or return to equilibrium.
This signal, with the help of localizing gradient
fields and Fourier transformation, creates the MRI
image.

The T1 relaxation time (longitudinal
relaxation time) - used to describe the return of
protons back to equilibrium after application and
removal of the rf pulse 300-2000msec - Provide
good anatomic detail T2 relaxation time
(transverse relaxation time) used to describe the
associated loss of coherence or phase between

individual protons immediately after the
application of the r f pulse 30-150 msec - used for
evaluation of pathologic processes.
CLINICAL ASPECTS

Whenever an MRI is considered for
orthopaedic condition, it is essential that the need
for the imaging be based on the comprehensive
patient examination, as gross diagnostic confusion
can result from referred pain leading to MRIs of
unrelated structures.

Another issue which should considered is
whether or not the patient is likely to be better off
as a result of the MRI.
APPLICATION IN ORTHOPAEDICS
Knee Joint

Knee MRI studies are frequently used to
diagnose acute and chronic injuries to a variety of
structures. Most important of them are the Meniscal
injuries, however it has been shown that car efully
performed clinical examinations may provide equal
or better diagnostic information than MRI. Hence,
MRI was generally more useful to rule out injuries
than to diagnose them.

Detection and proper management of
articular cartilage defects is important to preserve
joint health par ticularly in weight bearing joints.
MRI can supplement clinical examination in these
cases.

In osteoarthritis, treatment decisions should
be based on the clinical judgement and not on the
MRI findings.
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Shoulder Joint
MR can obtain high quality images of the

rotator cuff, glenoid labrum & other soft tissue
structures. Rotator cuff attrition and long term
instability can be assessed but CT is a better choice
for bony lesions.
Hip

MR can assess acetabular labrum and quality
of hyaline cartilage and hence finds application in
adult AVN, Perthes' disease, Developmental
dysplasia of hip (DDH) to ascertain the vascularity.
Ankle & Foot

To diagnose the osteochondritis dissecans of
talar dome, integrity of tendons & ligaments, and
in diagnosing tendinitis.
Avascular Necrosis

AVN is demonstrated in MR as a result of
death of fatty marrow showing a altered/ high
intensity signal in T2W images under the
subarticular region. MRI changes become apparent
only after several weeks.
Spinal Disorders

MRI allows a non-invasive evaluation of the
spine and spinal canal, including the spinal cord.
Most common indication for MRI of the spine being
the Intervertebral disc disease. High soft-tissue
contrast and high resolution allows ideal evaluation
of the intervertebral discs, nerve roots, posterior
longitudinal ligament, intervertebral foramen and
spinal cord.

Normal disc appears as Low signal intensity
on T1W images, slightly lower signal than adjacent
normal red marrow and very similar to muscle.
T2W images show diffuse high signal intensity
throughout the disk except for the outer fibers of
the annulus, which are homogeneously low signal
intensity. Normal disks typically do not extend
beyond the margins of the adjacent ver tebral
bodies.

In diseased conditions, here will be diffuse
decreased signal intensity on T2W images from the
increased collagen content in the nucleus and loss
of disc height. However distinction need to be

done among Disc protrusion, Disc extrusion,
Sequestered Disc and other conditions which
mimics prolapsed disc like Synovial cyst,
Conjoined nerve root, Arachnoid diver ticulum,
Perineural (Tarlov) cyst, Nerve sheath tumors,
Small epidural hematoma which can be readily
made through MRI.
Infection

Acute osteomyelitis appears as low signal on
T1W and high signal on T2W images, but have a
non specific appearances and can be confused with
transient osteoporosis.

Chronic Osteomyelitis displays the degree
and extent of soft tissue involvement and any sinus
tracks.
Trauma

MR in trauma is useful in showing fatigue/
stress fractures, epiphyseal bridging across the
growth plate in pediatric population, acute muscle
necrosis & hematoma.
Tumors

Excellent bone marrow delineation is most
helpful in defining tumor extent and planning
surgical and radiation therapy. Imaging should be
performed in at least two planes, one of which
should be axial (or transverse). This plane is most
helpful in defining the relationship of lesions to
nearby muscles and neurovascular structures and
best shows extraosseous extension of bone tumors.
Compartmental anatomy also is best shown in this
imaging plane. The sagittal or coronal images
define the proximal and distal extents of bone or
soft-tissue involvement.
PATIENT SAFETY ISSUES

Devices whose function could be disrupted by
the magnetic field as well as fer romagnetic
implants or foreign bodies are considered
contraindications for MRI studies.

Absolute contra-indications: Intracerebral
aneurysm clips, Cardiac pacemakers, Automatic
defibrillators, Biostimulators, Cer tain implanted
infusion devices, Internal hearing aids, Metallic
orbital foreign bodies.
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Relative contraindications: First-trimester
pregnancy, Middle ear prostheses, Penile
prostheses.
CONCLUSION

Selective and appropriate use of MRI holds
great potential for or thopaedic practice. MR can
virtually replace all invasive investigations,
dramatically improve diagnostic accuracy and
provide management options.

As a result, scope and application MR in all
aspects of orthopaedic practice is increasing
drastically. However, Clinical examination should
use the most appropriate clinical tests and
measures first and then combine MRI, if indicated.

Inappropriate early use of MRI may
complicate patient management and increase
patient exposure to risk.

REFERENCES
1. Rowe RHT, Tichenor CJ, Bell S, Boissonnault W, King

PM, Kulig K, et al. Orthopaedic manual physical
therapy: description of advanced specialty practice.
Tallahassee, FL : American Academy of Orthopaedic
Manual Physical Therapists; 2008

2. Flatman JG. Hip diseases with referred pain to the
knee. JAMA 1975;234:967-8

3. Fukui S, Ohseto K, Shiotani M, Ohno K, Karasawa H,
Naganuma Y. Distribution of referred pain from the
lumbar zygapophyseal joints and dorsal rami. Clin J
Pain1997;13:303-7

4. Giamberardino MA. Referred muscle pain/
hyperalgesia and central sensitisation. J Rehabil Med
2003:85-8

5. Jensen MC, Brant-Zawadzki MN, Obuchowski N,
Modic MT, Malkasian D, Ross JS. Magnetic resonance
imaging of the lumbar spine in people without back
pain. N Engl J Med 1994;331:69-73

6. Jensen GM, Gwyer J, Shepard KF. Expert practice in
physical therapy. Phys Ther2000;80:28-43; discussion
44-52

7. Resnik L, Jensen GM. Using clinical outcomes to
explore the theory of expert practice in physical
therapy. Phys Ther 2003;83:1090-106

8. Edwards I, Jones M, Carr J, Braunack-Mayer A,
Jensen GM. Clinical reasoning strategies in physical
therapy. Phys Ther 2004;84:312-30; discussion 331-5

9. Crues J, Bydder G. Frontiers in musculoskeletal
imaging. J Magn Reson Imaging2007;25:232-3

10. O'Neill W. The physician-owned imaging center.
Orthop Clin North AM2008;39:37-48

11. Lovitt S, Moore SL, Marden FA. The use of MRI in
the evaluation of myopathy.Clin Neurophysiol
2006;117:486-95

12. Rayan F, Bhonsle S, Shukla DD. Clinical, MRI, and
arthroscopic correlation in meniscal and anterior
cruciate ligament injuries. Int Orthop 2009;33:129-32

13. Oei EH, Nikken JJ, Ginai AZ, Krestin GP, Verhaar JA,
van Vugt AB, et al. Costs and effectiveness of a brief
MRI examination of patients with acute knee injury.
Eur Radiol 2009;19:409-18

14. Hodler J, Resnick D. Current status of imaging of
articular cartilage. Skeletal Radiol 1996;25:703-9

15. Stockton BJ, Boyles RE. Osteochondral lesion of the
talus. J Orthop Sports Phys Ther 2010;40:238

16. Maksymowych WP. MRI in ankylosing spondylitis.
Curr Opin Rheumatol2009;21:313-7

17. Ashikyan O, Tehranzadeh J. The role of magnetic
resonance imaging in the early diagnosis of
rheumatoid arthritis. Top Magn Reson Imaging
2007;18:169-76

18. Schmidt GP, Baur-Melnyk A, Haug A, Heinemann V,
Bauerfeind I, Reiser MF, et al. Comprehensive
imaging of tumor recurrence in breast cancer patients
using whole-body MRI at 1.5T and 3T compared to
FDG-PET-CT. Eur J Radiol 2008;65:47-58

19. Schmidt GP, Schoenberg SO, Schmid R, Stahl R,
Tiling R, Becker CR, et al.Screening for bone
metastases: whole-body MRI using a 32-channel
system versus dual-modality PET-CT. Eur Radiol
2007;17:939-49

20. Deyle GD, Nagel KL. Prolonged immobilization in
abduction and neutral rotation for a first-episode
anterior shoulder dislocation. J Orthop Sports Phys
Ther2007;37:192-8

21. Beltran J, Rosenberg ZS, Chandnani VP, Cuomo F,
Beltran S, Rokito A. Glenohumeral instability :
evaluation with MR arthrography.
Radiographics1997;17:657-73

22. White LM, Kim JK, Mehta M, Merchant N, Schweitzer
ME, Morrison WB, Hutchinson CR, Gross AE.
Complications of total hip arthroplasty: MR imaging-
initial experience. Radiology. 2000;215:254-262.

23. Ebraheim NA, Savolaine ER, Zeiss J, Jackson WT.
Titanium hip implants for improved magnetic
resonance and computed tomography examinations.

Maravi P. et al



Orthopaedic Journal of M. P. Chapter, Volume 21, No. 2, 2015 77

Clin Orthop Rel Res. 1992;275:194-198.
24. Aliabadi P, Tumeh SS, Weissman BN, et al. Cemented

total hip prosthesis: Radiographic and scintigraphic
evaluation. Radiology. 1989;173(1):203-206.

25. Jarvik JG, Deyo RA. Diagnostic evaluation of low
back pain with emphasis on imaging. Ann Intern Med
2002;137:586-97

26. Tins BJ, Cassar-Pullicino VN, Lalam RK. Magnetic
resonance imaging of spinal infection. Top Magn
Reson Imaging 2007;18:213-22

27. Gotthardt M, Bleeker-Rovers CP, Boerman OC, Oyen
WJ. Imaging of inflammation by PET, conventional
scintigraphy, and other imaging techniques. J Nucl
Med. 2010;51:1937-1949.

28. Kan JH, Hilmes MA, Martus JE, Yu C, Hernanz-
Schulman M. Value of MRI after recent diagnostic or
surgical intervention in children with suspected
osteomyelitis.AJR Am J Roentgenol. 2008;191:1595-
1600.

29. Davies AM, Hughes DE, Grimer RJ. Intramedullary
and extramedullary fat globules on magnetic
resonance imaging as a diagnostic sign for
osteomyelitis. Eur Radiol. 2005;15:2194-2199.

30. George C Nomikos, Mark D Murphey, Primary Bone
tumors of lower extremities Radiologic clinics of North
America 2002 ;40:971-990

31. Ojala R, Sequeiros RB, Klemola R, Vahala E, Jyrkinen

L, Tervonen O. MR-guided bone biopsy: preliminary
report of a new guiding method. J Magn Reson
Imaging. 2002; 15(1):82-86. doi: 10.1002/jmri.10041

32. Davies AM, Sundaram M, James SLJ. Imaging of
Bone Tumors and Tumor-Like Lesions (Techniques
and Applications) Berlin Heidelberg: Springer; 2009.

33. Bley TA, Wieben O, Uhl M. Diffusion-weighted MR
imaging in musculoskeletal radiology: applications in
trauma, tumors, and inflammation. Magn Reson
Imaging Clin N Am. 2009;17(2):263-275.

34. May DA, Good RB, Smith DK, Parsons TW. MR
imaging of musculoskeletal tumors and tumor
mimickers with intravenous gadolinium: experience
with 242 patients. Skeletal Radiol. 1997;26(1):2-15.

35. Woertler K, Lindner N, Gosheger G, Brinkschmidt C,
Heindel W. Osteochondroma: MR imaging of tumor-
related complications. Eur Radiol.2000;10(5):832-840

36. Murphey MD, Wan Jaovisidha S, Temple HT, Gannon
FH, Jelinek JS, Malawer MM. Telangiectatic
osteosarcoma: radiologic-pathologic comparison.
Radiology.2003;229(2):545-553.

37. Dunn E.A. Weaver L.C. Dekaban G.A. Foster P.J.
Cellular imaging of inflammation after experimental
spinal cord injury. Mol Imaging. 2005;4:53-62.

38. Emery S.E. Pathria M.N. Wilber R.G. Masaryk T.
Bohlman H.H. Magnetic resonance imaging of
posttraumatic spinal ligament injury. J. Spinal
Disord.1989;2:229-233

ROLE OF MRI IN ORTHOPAEDICS


