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Abstract

Background: MRI has high applicability to the knees, in compan with other joints, and it provides excellent
diagnostic capacity for evaluating lesions of défet types, such as ligament, meniscal, tendong teomd chondral
injuries. MR imaging does not utilize ionizing ration and therefore it is entirely safe; it is algminvasive, painless,
and allows acquisition of images in multiple plaméthout repositioning the patient. In addition, MRovides excellent
spatial and contrast resolution of both intra- amtta-articular structure©bjective: The purpose of the study was to
review the normal MR anatomy of the internal stuues of knee joint and to study MRI appearancesabus meniscal
and cruciate ligament injuries of knégesults: Knee injuries were more commonly encountered iresiak compared to
females. ACL was the most commonly injured ligamiefibwed by tears of the menisci. Medial menistdrs were
twice as common as lateral meniscal tears. Vertiodl complex tears are slightly more common thaizbotal tears,
which were predominantly seen in elderly populati@aring degenerative changes. PCL tears anddéthie collateral
ligaments were rareConclusion: Magnetic resonance imaging is a good, accuratenandinvasive modality for the
assessment of menisci and ligamenteous injuriegh Fleld 3 T MRI is unique in its ability to evaligathe internal
structures of knee with exquisite detail. MRI iglily accurate in the diagnosis of tears of the s@rand cruciate
ligaments and thus, it is increasingly used assalfne investigation in patients with soft tissu@uma to knee.

Keywords: Magnetic Resonance Imaging (MRI), Medial Menisclateral Meniscus, Anterior Cruciate Ligament

(ACL), Posterior Cruciate Ligament (PCL)

| ntroduction

Knee joint is the largest and complex joint of taly
and also most frequently injured joint due to thekl of
bony support. The stability of the joint is highly
dependent on its supporting ligamentous structures,
therefore injuries of ligaments and menisci are
extremely common [1]. Injury to the knee joint et
significant cause of morbidity in both young andi ol
individuals. An accurate diagnosis regarding the
involvement of structures and the extent of injsirie
essential for early operative as well as non-operat
treatment. This requires an accurate clinical hjsta
thorough physical examination and complementary
diagnostic tools. The most widely used diagnostic

modalities to assess the joint injury are arthrpgcnd
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MRI. Arthroscopy is the gold standard to diagndse t
intra-articular knee pathology but it is an invasiv
procedure and can cause complications.

Hence Magnetic resonance imaging (MRI) is
increasingly being used for diagnosis over the past
decade [2]. MRI has now been accepted as the best
imaging modality for non-invasive evaluation of kne
injuries [3].

The accuracy, sensitivity and specificity vary in
different studies as there are rapid changes irMRé
technology, different imaging sequences, radiotogis
expertise, diagnostic criteria, location and conitpms

of structure analyzed and the kind of knee injuy.a
result of this variability, High filed 3T MRI was
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undertaken to determine the spectrum and common
findings encountered in MRI of knee joint injurigs5].

Aim

High Field 3T Magnetic Resonance Imaging: MR-
anatomy and evaluation of Traumatic Knee Injuries.

Objectives

To study and evaluate the spectrum of the MRI figdi
in all the knee joint injuries referred from ortleajic
OPD.

Materials & Methods

Patients with history of knee joint injury referré@m
Orthopaedic department for suspected internal
derangement of knee joint who underwent MRI were
taken for the cross sectional descriptive studyweier
those patients with ferromagnetic implants, pacearak
aneurysm clips, patients with knee joint neoplasm,
inflammatory and infectious conditions of knee {oin
were omitted from study. 50 patients were taken by
convenient sampling who had undergone MRI between
March 2016 to June 2016.

Results

Research Article

I maging protocols

a)Equipment: Siemens Magnetom Skyra 3 Tesla
Whole- body MR scanner.

b)Protocol:
e T2 & STIR sequences in sagittal and coronal planes.

» PD with fat sat weighted sequence in axial, coronal
and sagittal planes.

» T1 or 3D DESS sequences wherever indicated.
c)Interpretation of MRI Data

* ACL and PCL : Absent/Present (If present: Partial
/Complete) (Site: femoral attachment/ Mid substénce
Tibial attachment)

» Medial and Lateral meniscus tear : Absent/Present
(If present: Anterior horn /Body / Posterior horn).
(Type:Horizontal /Vertical /Complex)

The associated findings like bone contusion, effusi
loose bodies, parameniscal cysts, baker's cysts and
degenerative changes were noted and analyzed. The
final diagnosis was made by consultation of two
radiologists.

Knee MRI studies of 50 patients were done fittingpiour inclusion criteria. In our study 32 patemtere male, and 18
were female; they ranged in age from 12 to 77 ygaeglian, 31 years). The studies included 28 lefiels and 22 right

knees, one patient had MR imaging of both knees.

High field 3T imaging showed meniscal tears in 88eas out of 50 cases. Out of the menisci, medialsoes tear found
in 21 cases and was more frequently injured tharateral meniscus which was torn in 11 cases@srsin Table 1.

Body and posterior horn combined tears were thencomest association followed by isolated poster@nhears, body
and anterior horn tears. Parameniscal cysts wereise7 cases associated with meniscal tears.

Table-1: Distribution and frequency of various ligamentous and meniscal tears

S No. Tears No. of Cases Per centage of tf)tgl patientswith knee
injuries
1 Anterior cruciate ligament 42 84 %
2 Posterior cruciate ligament 8 16 %
3 Medial meniscus 21 42 %
4 Lateral meniscus 11 22 %
5 Lateral collateral ligament 1 2%
6 Medial collateral ligament 4 8 %

Moreover bucket handle type of meniscal tear was $& 6 cases, 5 of which were in the medial marsisthus medial
meniscus was more commonly involved in bucket hagbe tears. Vertical tears, horizontal tears eamiplex tears
were seenin 12, 9 and 11 cases respectively amsihorable 2.
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Table-2: Varioustypes of Meniscal tears.

Sr. No. Types of Meniscal Tears No. of cases Per centage of total meniscal tears
1 Vertical tears 12 37.5%
2 Horizontal tears 9 28.1%
3 Bucket handle tears 6 18.8 %
4 Complex tears 11 34.4%

ACL tears were the commonest finding among thetspecof knee injuries. ACL tears were seen in 42saout of 50
as shown in Table 1. Mid-substance tears were gwsimon, followed by femoral site attachment teard #bial site
attachment tears. Associated underlying bone cmmsisvere also noted in all the cases, bearing tatathe attachment
sites. Evidence of joint effusion was also seeallithe cases.

PCL tears were rare and seen in only 8 cases.sltalg® commonly seen at the mid third associatéd lickling of its
fibres.

MCL and LCL tears were rare. One case had LCL a@saociated with tear of the insertion site of gepk tendon and
semitendinosus. MCL tear was seen in 4 cases dangeat found in the mid third of the MCL and assded with
meniscocapsular separation. No avulsion of the liagments were found.

Degenerative changes were seen in 7 out of 50 .camédental baker’s cyst were seen in 3 casesnaeniscal fluounce
was seen in 1 case.

Discussion

The study involved review of radiological anatonfyknee and spectrum of findings on MRI which hédlpsnaking the
diagnosis of various ligamentous and meniscal ieflin cases of knee joint injuries.

M R-anatomy of Important Knee Structures

M enisci- Menisci are semilunar (C-shaped) fibrocartilaginstrsictures thick peripherally and thin centraBuperior
surface is concave, inferior surface is flat: withximum congruency between femur and tibia. Megti@hiscus (MM)
is larger, wider posterior horn, and more "openVaa intercondylar notch. Lateral meniscus (LM)simaller, more
"closed "toward the notch [6].

Cruciate ligaments- Anterior cruciate ligament (ACL): running parallel to the roof of the intercondytaotch, from the
posteromedial aspect of lateral femoral condyléht anteromedial tibial plateau. It is intraartanubut extrasynovial
and divided into anteromedial bundles and poste@h Bundles. Its main function is to restraintesior tibial
translation relative to femur (anteromedial bundie)estrain rotation in near full extension (@wstateral bundle).

Normal MR imaging shows low T1 and T2 signal, $&thappearance lying within the lateral aspechefibtercondylar
notch; straight anterior border nearly parallethe Blumensaat line (roof of intercondylar notch).

Posterior cruciate ligament (PCL): is larger and stronger than ACL. Its main functisnto restrain posterior tibial
translation relative to femur. It runs from medséde and medial roof of the intercondylar notctttie midline dorsal
aspect of the tibial plateau (between meniscalshodt is intraarticular but extrasynovial and cased of anterolateral
and posteromedial bundles. Meniscofemoral ligamehtsumphrey and Wrisberg extend from the postenann of the

LM to the medial femoral condyle, lying respectivahterior and posterior to the PCL.

Normal MR Imaging shows low T1 and T2 signal, nelae midline of the knee, extending from the femoral
intercondylar notch to the posterior tibial plat¢@u

Collateral ligaments- Medial collateral ligament (MCL): is extrasynovial structure originating from mediapect of the
distal femur and inserts on the medial aspect okipral tibia. The fibers intimately linked with jui capsule, and the
MM is directly attached to it.
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Lateral Collateral Ligament (LCL): is made up of many structures, only three areyamdl by MRI: (posterior to
anterior): biceps femoris tendon, fibulocollatdighment and iliotibial band. The most posteriobtimsert on proximal
fibula whereas the iliotibial band inserts on aiotetibia.

Spectrum of imaging findings helping to make the diagnosis of various ligamentous and meniscal injuries

The majority of knee joint injuries resulted fromet direct trauma to the knee joint or was causedobsional or
angulatory forces. These injuries vary in sevefitym simple ligamentous strain to complex injurigsolving
ligamentous disruption with meniscal damage andaated fracture [8,9].

Diagnosis of ACL Tears: The primary sign of ACL tear is fibre discontinuityhich was best observed in the oblique
sagittal plane proving most helpful in diagnosinGlAtears. The empty notch sign on coronal imagig & frequent
finding in complete ACL tear [10]. Bone contusioaswery common in ACL tears (Figure 1). [9].

Fig.-1: Complete ACL tear Fig.-2: Complex medial meniscal tear

In acute or sub-acute injury, thickening and oedefrthe ACL was found characterized by increasgdaliintensity on
T2 or PD with fat sat weighted sequences. In cleroases the fibre were completely or partially tieieh out.

Oblique coronal and sagittal views parallel to th€éL have been advocated and found to be effectivemiproving
visualization of the ACL. However the sensitivitydaspecificity of MRI in the diagnosis of partiektrs was poor.

Diagnosis of PCL Tears. Being a much stronger ligament complete disrupttdrPCL was less common and was
usually associated with severe knee trauma andiesjtio posterior lateral corner structures. Pladiantra substance
tears are much more common and manifested as TZTHR intra substance hyperintensity with often taxand
thickening of the ligament [10].

Diagnosis of Posteromedial corner (PMC) Injury: Hyperextension and valgus is usually the mechamésponsible
for injury to the posteromedial corner. The PMQuitgs can be divided into injuries to the ligamefM&CL and POL
injuries), Menisco-capsular injury and Musculoteradis injury to the semimembranosus insertion.

Ligament injury: Three grades of MCL injury have been describedkd@rl injury is a sprain with high signal in the
soft tissues medial to the MCL, Grade 2, a sevprais or partial tear, with high signal in the stfsues medial to the
MCL with partial disruption of the MCL. Grade 3,roplete tear, shows disruption of the MCL and disorpof medial
patellar retinaculum. (Figure 4).
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Fig.-3: Partial LCL tear Fig.-4: Partial MCL tear, gradel MM tear and
periarticular effusion

M enisco-capsular injury: MRI readily demonstrated injury of the femoral dimal meniscal attachments as disruption
and thickening of the menisco tibial and menisamdeal ligaments with or without associated marralerea at the
ligament insertion.

Musculotendinousinjury: Damage to the semimembranosus insertion is commposteromedial knee injuries. Injury
to the semimembranosus tendinous expansions maydeavulsion fracture of the tibial insertion, qalete or partial
tears of the tendon and chronic insertional terglfxdCapsular injury manifests as thickening andehintensity of the
posterior capsule at the level of the medial femooadyle [11].

Diagnosis of Posterolateral corner (PLC) Injury: The stability of the posterolateral corner of thred is provided by
capsular and noncapsular structures that functiostatic and dynamic stabilizers. They includedfiliial band, Joint
capsule, Biceps femoris tendon, Fibulocollatergaiinent, Popliteus muscle and tendon, Popliteofibaial Arcuate
ligaments.

There is no specific MRI criteria for defining pestlateral corner injury, however injuries to thesgerolateral
ligamentous structures can be classified as gradle ér 11l sprains, corresponding to minimal, pal, or complete
tearing, respectively. Injury to two or more magiabilizing structures especially the popliteus tendinous unit,
fibular collateral ligament and posterior latex@hi capsule should be considered as posterolateraér injury. Grade 3
injuries are often associated with disruption @& thuciate ligaments.

Injuries to the fibular collateral ligament are teetappreciated in coronal fat suppressed protosige(PD) or coronal
fat suppressed T2W images.

Injuries range from partial intra substance teacdmplete disruption and avulsion from bony attaehtrfrom fibular
head, periligamentous soft tissue edema is oftesgmt. (Figure 3).

The bony injuries associated with PLC injuries it marrow contusions involving the anteromedialdeal condyle,
anterior medial tibial margin fracture and "Arcuafeacture which represents avulsion fracture af ftbular styloid
process [12,13].

Diagnosis of Meniscal Tears: A meniscal tear only has significance when hypense signal clearly disrupts at least an
articular surface of the meniscus. Description ehiacal tears should include:
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* Location: on posterior horn, body or anterior horn

Involving: of peripheral third of the meniscus( vakrized red zone) or inner two thirds or both
Extent of the tear: which meniscal surface-length

» Type of meniscal tears: horizontal (oblique), \a@&ti(longitudinal, radial or parrot-beak) or comple

Different types of meniscal tears. Meniscal tears can be broadly divided into horiagntertical circumferential and
vertical radial types. Combination of the main ty@ae not unusual. Usually vertical tears are tetiorand horizontal
tears are degenerative.

1. Horizontal or oblique tears (synonymous): Tears are parallel to tibial plateau, dividing nsenis into upper and
lower segments.

2. Vertical longitudinal tear: perpendicular to tibial plateau.

3. Bucket-handle tear: 10% of meniscal tears and most common lesion énldbked knee: the free inner meniscal
segment "flips" usually into the intercondylar rfgtavolves more frequently the MM.
« Absent bow tie sign: only one body segment on sagittal images instéata normal images seen through the
meniscus, very sensitive sign in all cases.
» Double PCL sign: displaced fragment usually seen on intercondytdécnor in front of the PCL.
« Anterior flipped meniscus sign: when the displaced fragment flips over the antdrarn of the meniscus.

4. Vertical radial tears or free edge tears. occur on a plane perpendicular to the long axighef meniscus and
perpendicular to the tibial plateau; usually synpdic.
< Absent bow tie sign: also positive, but the second body segment hasasmall gap rather than the large space
seen in bucket-handle fractures, and no displawepifent is seen.
e Ghost meniscus sign: is seen when the tear has completely traverseshéimiscus with an MRI slice parallel to the
tear: intermediate or grey signal (partial volunfi¢he adjacent meniscal tissues) instead of nomeadiscus; meniscus
often extrudes off of the joint.
« Cleft sign: seen when the MRI slice is perpendicular to tta tehile the radial tear takes a truncated triangle
appearance when the MRI slice is parallel to tmeestear with a cleft.

5. Complex tears: tears having either two or more tear configurationare not categorized easily into a certain type
tear. (Figure 2).

6. Particular cases:
» Vertical parrot-beak tears are radial at the inner meniscal edge and longialdmore peripherally within the
meniscus-Detection by MR imaging difficult.
» Flap tears are displaced fragment from the superior or infesorface of the meniscus. The displaced portion is
usually easy to see on MRI [13,14, 15].

Conclusion

investigation of choice for patients coming with dén
injuries.

MRI has proved reliable & safe. Since its introdlaet
for clinical use in the mid-1980s, the MRI has egesr
as a primary tool, to guide the management of knee
injuries. With the development of new sequences,
improved signal to noise ratio, high resolutiordueed
artifacts and shorter imaging times the, role of IMHR
the diagnosis of patients with knee complaints has
improved drastically. With the advent of High Fie3d
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