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ABSTRACT

The am of this study is to compare and correlate magnetic resonance imaging
(MRI) and arthroscopic findings in cases of ligament injuries. MRI is currently
available means of diagnosis in acute injured painful knee were clinical examination
is non conclusive. Because of high negative value and exclude arthroscopy. The
purpose of study was to correlate results of MRI in internal derangement of knee with
arthroscopy findings, so as to determine the efficacy of MRI in different intrarticular
kneeinjuries.
Aim & Objective of study
To observe sensitivity and specificity of MRI in detecting cruciate ligament tears,
confirmed subsequently with arthroscopy.
To observe the sensitivity and specificity of MRI in detecting meniscal tears.
To categorize discrepancies in finding of menisci and cruciate ligament between
arthroscopy and MRI.
Methods Of Collection Of Data
All patients who are clinicaly suspected of interna derangement of knee
presented in department of orthopedics will be evaluated with clinical history and
MR imaging in Radio diagnosis dept.
A surface coil is used, MRI will be performed using a 1.5 tesla MRI scanner
(Philips MRI System ).Axial, coronal & sagittal T1 ,T2 ,PD & STIR images will
be taken.

Strykararthroscope.
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Result
Out of total 33 patients evaluated, most common injury were ACL and PCL injury

least Common. Medial meniscus injury is most common than lateral meniscus and
grade Il & 111 common in both.MCL outnumbered LCL tear. Osseous lesion & joint
effusion were most common associated with injuries. On arthroscopy most of findings
correlated very well, however with ACL mid-substance & inferior surface of medial
meniscus showed negativepredictive value.
Conclusion

MRI is non invasive and reliable investigation for ligament pathologies, It
helps in accurate diagnosis of ligament injuries, there by helping in proper
management by conservative and surgical treatment.

However arthroscopy still remains gold standard for diagnosis and treatment
of the same. False negative cases have been reported in menisca injuries. So, MRI
can be helpful to diagnose the knee injuries reducing there by invasive procedure and

assist further management.

Keywords. Medial Meniscus (MM), Lateral Meniscus (LM), Anterior Cruciate
Ligament (ACL), Posterior Cruciate Ligament (PCL), lateral collateral ligament

(LCL), Medial collateral ligament (MCL).
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INTRODUCTION

Trauma to knee joint is significant cause of morbidity in young active
individuals especially among athletes, road traffic accidents, military and police
recruits. The knee takes a lot of stress, especially when bending. Studies have shown
that the forces at the knee joint can reach three times body weight when the knee is
bent during activities such as going up stairs, and up to six to seven times body weight
when in a full squatting position. Internal derangement of the knee refers to a variety
of damaged structures that can be injured within the knee, including meniscal
cartilage tears and loose bodies. Ligament tears often present with pain and instability
during function. The higher the degree of tearing in the ligament, the greater the
amount of instability symptoms. Early detection is vital for proper treatment of
intraarticular ligaments, meniscal injury and articular cartilage to prevent further
degeneration and mechanical instability by available surgical options.Internal
derangement can be diagnosed by various imaging techniques.

USG ultrasonography can detect effusion of knee. It has advantages of being
non invasive, readily available and allows good visualization of superficial structures.
CT provides vauable information about co-existing joint effusion, chondral and
osseousfractures, and CT can locates |oose bodies; however it has the disadvantages.
Arthroscopy is considered to be gold standard for diagnosis of traumatic intraarticular
knee lesions,having accuracy as high as 95% to 98%, however arthroscopy is non-
invasive and costly. It requires hospitalization & anaesthesia. Initially arthroscopy
was used for diagnosis of various knee pathology. Including diagnosis of meniscal
pathology, articluar cartilage injury and other pathologies.

MRI is considered to be idea for primary diagnosis of traumatic knee lesions,

as it is non-invasive, fast & can be done on OPD basis. It is free of complications



because of unique ability to demonstrate the nature and extent of injury(3). It has
ability of any place without moving patient and a wide variety of MRI pul se sequence
can be performed to produce diagnostic quality images.

The objective of present study is to determine accuracy, sensitivity, specificity
and concordance of findings of MRI and correlating with arthroscopy in our hospital
establishment. Our hospital is 700 bedded tertiary care hospital where daily 10-15
trauma cases are admitted.

Proforma

Table Nol Demographic details

Sl no OPD/IPD NAME AGE/SEX UNIT DATE

Clinical parameters
1. Mechanism of injury.
2. Duration of injury.
Clinical findings.
Examination “®
The most common knee complaints typically involve the patellofemoral joint.
The knee takes a lot of stress. The higher the degree of tearing in the ligament, the
greater the amount of instability symptoms. The knee serves as an important
transmission between the ankle and the hip. As such, knee injuries are among the
most common complaints encountered in sports medicine.
Palpation
During the examination, it is important to feel the anatomical structures of the

knee to see if they have been injured. Damaged structures around the knee are



typically tender to direct pressure. Such structures include the joint surfaces of the
knee cap, the femur, the tibia, and the muscles and tendons around the knee.

Patellar mobility is determined by passive media and lateral movement. The
patella can by divided into quadrants. A patellais considered to be hypomobile when
it moves less than one quadrant on media or lateral glide. A hypermobile patellais
illustrated by a glide of more than two quadrants (one half of patellar width). Any
tilting or rotation of the patella when it is pushed medialy or laterally should also be
noted. If the medial structures are too tight, the patella will tilt up when pushed
lateraly. If the lateral structures are too tight, the patella will tilt up when pushed
medially.

Range of Motion

Examination of the range of motion at the knee is most easily performed with
the patient in lying position. Full knee flexion is considered to be approximately 135°
(Range 120-150°).

Hyperextension may occur, especialy in women (Range 0° to 15°). A
goniometer is a useful joint angle measuring tool that can be used to measure range
of motion. The greater trochanter (hip reference), lateral joint line (knee), and latera
malleolus (ankle) are typically used as reference landmarks to check for the range of
motion of the knee.

Worrisome signs while testing range of motion include a “locked” knee,
which lacks full extension when compared to the contralateral side. This suggests
internal derangement may be present, such as a large meniscus tear, a ligament tear,
or aloose body/bone chip. Another concering sign is the inability to extend the knee

against gravity whilein the lying position.



This is indicative of an injury to the extensor mechanism of the knee.
Examples include a quadriceps tendon tear, a patellar fracture, or an injury to the
patellar tendon.

Anterior Drawer

Description: The Anterior Drawer test examines for any tearing or laxity of the
anterior cruciate ligament (ACL).

Maneuver: Have the patient lying on their back with their knee bent as close to 90°
as possible, with the foot resting on the table. Place both hands behind tibia and pull
the tibiaforward, using a force between 15-20 Ibs. The test can also test be performed
with the foot externally rotated (turned out) to 15°.

Positive Findings: Increased anterior movement of the tibia on the injured side
compared tothe non-injured side is considered to be a positive test. Up to 3 mm of
forward movement of the tibia is considered normal. The Grading for the test is as
follows: Grade 1 = 5 mm, Grade 2 = 5 to 10 mm, Grade 3 > 10 mm.

Valgus Test

Description: The valgus stress test checks for media joint laxity, which usualy
represents an injury to the medial collateral ligament (MCL).

Maneuver: Have patient lie on their back. Position one hand at the joint line on the
outer part of the knee. Have the other hand fixed on the ankle of the affected side.
Flex the knee between 20° and 30° and apply a media or valgus force to the knee.
Approximately, 15 to 20 |bs of force should be applied during the test. In order to test
the MCL, as well as the posterior media capsule, the test can be repeated at 0° with
the kneein full extension.

Positive Findings: A positive test demonstrates increased media joint laxity

compared to the unaffected side. A Grading system from 1 to 3 can be used which is



based on the amount of joint space opening (Grade 1 =5 mm, Grade 2 =5 to 10 mm,
Grade 3> 10 mm).

Varus Test

Description: The varus stress test checks for joint laxity on the outside of the knee,
which usually represents an injury to the lateral collateral ligament (LCL).
Maneuver: With the patient lying on their back, position one hand at the joint line on
the outer part of the knee. Fix the other hand on the ankle of the affected side. Flex
the knee between 20° and 30° and apply a lateral or varus force to the knee. This can
be done either by reaching over the top of the knee, or by approaching the patient
from the inside aspect of the knee with the leg off to the side. Approximately, 15 to
20 Ibs of force should be applied during the test. The test can aso be repeated at 0°
with the kneein full extension.

Alternate Angle:

Positive Findings: A positive test demonstrates increased lateral joint laxity
compared to the unaffected side. A Grading system from 1 to 3 can be used which is
based on the amount of joint space opening (Grade 1 =5 mm, Grade 2 =5 to 10 mm,
Grade 3> 10 mm).

Posterior Drawer

Description: The posterior drawer test is used to examine the Posterior Cruciate
Ligament (PCL).

Maneuver: Have the patient lying on their back with their knee bent as close to 90°
as possible with their foot resting on the table. Place both hands behind the tibia, and
push backwards on the proximal shin/tibia looking for instability backwards. Use a

force between 15-20 Ibs



Positive Findings: Upon application of a posterior force to the upper shin, an
increase in backwards motion (posterior translation of the tibia) in comparison to the
other sideisindicative of a positive test.
McMurray’s Test
Description: This test checks for meniscal tears and other internal derangement in
the knee.
Maneuver: With the patient supine, and their hip and knee bent to 90°, grasp the heel
in one hand. Place the other hand over the knee, with the thumb and fingers on the
joint line. Gently rotate the tibia with the hedl internally rotated with a mild valgus
force (for the lateral compartment) and externally rotated with a mild varus force (for
the medial compartment).
Alternate View:
Positive Findings: Painful clicking along the joint line or any pain over the joint line
that reproduces the patient’s symptoms is considered to be a positive test.
Thessaly’s Test
Description: This functionally tests meniscus tears in the standing position. Since
bending and twisting movements while weight bearing often reproduce pain from
meniscus tears, this test recreates the exacerbating movements.
Maneuver: Have the patient stand on one foot with the foot flat on the floor. Hold
thepatients hand for support and have them initially bend on the standing knee to 5°
of flexion.

Ask the patient to twist at the knee, making sure they are internally and
externaly rotating at the knee rather than at the pelvis or back. Check for any

reproduction of pain symptoms.



Next, have the patient bend the knee deeper to 20°degrees and again actively twists
on knee.
Deeper Bend:
Positive Findings: The twisting movement will reproduce pain of a meniscal injury.
The pain is typicaly localized to joint line, and patients typically have more pain
with the knee bent at 20° rather than 5°.
MRI evaluation.
Joint effusion: present/absent.
Anterior cruciate ligament tear: present/absent, partial/complete.
Posterior cruciate ligament tear: present/absent, partial/complete.
Media collateral ligament tear: present/absent, grade I/11/111.
Lateral collateral ligament tear: present/absent. Grade I/11/111.
Medial meniscal tear: present/absent location & type.
Lateral meniscal tear: present/absent location & type.
Osseous/osteochondral lesions: present/absent location & type.
Methods and material
Inclusion Criteria®
Patients who had recent knee injuries (within 2 months) to either or both knee
joints.
Exclusion Criteria
Knee injuries other than internal derangement.
Patients with contraindication to MRI like intracerebral aneurysmal clips, cardiac

pacemaker, metallic foreign body in eye, implantsin middle ear.



Patients who had recent knee injury but who on clinical examination had no
instability in any plane and negative McMurray test.

Those patient who refused to undergo arthroscopy.

Peadiatric patients because of general anaesthesiarequired for MRI study.

Claustrophobic patients.

Study sample

32 cases of internal derangement of knee will be evaluated with MRI and
arthroscopy to asses diagnostic accuracy.
Method

Each patient of knee injury will be evaluated clinically for evidence internal
derangement knee by clinical test.

These patients where subject to MRI

Name of MRI unit Philips acheiva 1.5T

Strength of MRI unit position of patient.

Planes of MRI study/evaluation.

Sequence used.
Knee protocol

Fast spin echo PD and T2W in saggital plane (meniscal and cartilage).

STIR sequence in coronal plane (marrow)

T1W coronal images.

T2W axial images.
Coils : Slightly externally rotate the foot by about 10-15 degrees to stretch the
anterior cruciate ligament.

Pack some cushions around the knee to help it stay motion-free. A small
cushion under the ankle helps to keep the leg straight.

8



Fig 1 Shows MRI knee coil

Slice thickness 3 mm
Series 1. Axia Proton Density
Enter left or right offset corresponding to distance from centerline of magnet.

Then scan.

Right knee: offset |R75

L eft knee: offset L 75

Series 2: Sagittal Proton Density

Oblique to the intercondylar notch

Include all of medial and lateral menisci. Subcutaneous fat medial and lateral

to knee joint may be excluded. If more slices are required, increase TR.
Series 3. Coronal Proton Density

Oblique perpendicular to series 2.

If more dlices are required, increase TR.

Keep TR > 3000 and ETL < 16

If there is bone abnormality or soft tissue mass then it may be necessary to

increase FOV.



Series 4:Coronal T2 Fat Sat (same as series 3 above)

Average time required for each patient 45 minutes

Following the MRI study each patient was subject.

Preparation of part under aseptic precaution.

Position: standard position of the knee arthroscopy.

Anaesthesia: As decided by the anaesthetist and patient.

Arthroscope stykerarthroscope unit. Instruments punches, scissors and

graspersto perform arthroscopic surgery procedure
Portals: Standard Anterolateral and Anteromedia portals. Accessory portals are
made according to the need and site of the lesion.
Procedure: Diagnostic arthroscopic evaluation of the knee is a must and should be
carried out thoroughly to identify and to know the morphology of the lesion.
Diagnosis:

With above mentioned examination method a double blind study was carried

out to assess sensitivity & specificity of diagnosing ligamentous injuries.

10



AIM OF THE STUDY

1. To compare and correlate the MRI appearances of menisca and ligamentous
injuries with arthroscopy

2. To find out the specificity, sensitivity, positive and negative predictive values of
MRI in diagnosing different injuries.

3. To know the role of different sequences in diagnosing these injuries 4. To study

limitation of MRI in detecting injuries of the knee

11



REVIEW OF LITERATURE

NORMAL ANATOMY OF KNEE JOINT

The knee is the largest joint in the body. It is a complex *hinge’ joint made up
of the lower end of the femur, the upper end of the tibia and the patella, which dlides

in agroove on the end of the femur.

The knee joint has three components, the latera tibio-femoral, media tibio-
femoral and patella-femoral joints. Four bands of tissue, the anterior and posterior
cruciate ligaments, and the medial and lateral collateral ligaments connect the femur
and the tibia and provide joint stability. Strong thigh muscles give the knee, strength
and mobility. The surfaces where the femur, tibia and patella touch are covered with
articular cartilage, a smooth substance thatcushions the bones and enables them to
glide freely. Semicircular rings of tough fibrous-cartilage tissue called the lateral and
medial menisci act as shock absorbers and the bones of the knee are surrounded by a
thin, smooth tissue capsule lined by a thin synovial membrane which releases a
specia fluid that lubricates the knee, reducing friction to nearly zero in a healthy
knee.lt isasynovial modified hinge joint, which also permits a small degree
of rotation. In the knee joint, the femoral and tibial condyles articulate, as does the

patellaand patellar surface of the femur.Fibula does not contribute to the knee joint.

12



SUPERICRH VIEW

T
Tibial
& AGL
MMedial Lateral

Lat=ral

-]

Popfliteus tendon

Medial Lateral

Medial collateral Hg. Popliteus tendon

Fibudar collateral Fg.

Fig 3 cross sectional anatomy of knee

13



Fibrous capsule: It is attached superiorly to the femur about 1 cm above the
articular margin with three special features. It is attached to the margins of the
articular surfaces except anteriorly, where it dips downwards. In the anterior part of
the capsule there is a large opening through which the synovial membrane is

continuous with the suprapatellar bursa.

This bursa extends superiorly three finger breadths above the patella between
the femur and quadriceps. Posteriorly, the capsule communicates with another bursa
under the medial head of gastrocnemius and often, through it, with the bursa of
semimembranosus. Posterolaterally, another opening in the capsule permits the
passage of the tendon of popliteus .The lateral expansions extend backwards on each
side and downwards to the tibia forming media and lateral patellar retinacula. On its
deep surface, it is attached to periphery of each meniscus and connects it to adjacent

margin of head of tibia; this connection is termed as coronary ligament(13).

Ligamentum patellae: It is strong, flat, ligamentous band, about 8 cm in
length(13). It is the central portion of common tendon of the quadriceps femoris,
which is continued from the patella to the tuberosity of the tibia The
ligamentumpatellae is related to the superficia and deep infrapatellar bursa and also

to the infrapatellar pad of fat.

Extra capsular ligaments:

The oblique poplitea ligament: This is an expansion from the tendon of
semimembranosus.It runs upwards and laterally blending with the posterior surface of
the fibrous capsule. It gets attached to the intercondylar line and the lateral condyle of

femur.

14



The arcuate poplitea ligament: It has Y shaped fibers, the stem of which is
attached to the head of fibula. The posterior limb arches medially over tendon of
popliteus to be attached to theposterior border of intercondylar area of tibia. The
anterior limb, which is sometimes absent, extendsto lateral epicondyle of femur
where it is connected with lateral head of gastrocnemius. It is often termed short
lateral ligament.
The fibular collateral ligament: It is a strong, rounded cord, attached above, to the
lateralepicondyle of the femur, immediately above the groove for the tendon of
the popliteus and below, tothe head of the fibula, in front of the apex. The greater
part of it is hidden by the tendon of bicepsfemoris, which embraces and is
attached to the ligament. The ligament has no attachment to thelateral meniscus.
Bursae around the Knee Joint: As many as thirteen bursae have been described
around theknee joint- four anterior, four lateral and five media ™® These are as

under;

Anterior
1. Subcutaneous prepatellar bursa
2. Subcutaneous infrapatellar bursa
3. Deepinfrapatellar bursa

4. Suprapatellar bursa

Lateral

1) A bursadeep to the lateral head of gastronomies.

2) A bursa between the fibular collateral ligament and the biceps femoris.

3) A bursa between the fibular collateral ligament and the tendon of popliteus.

4) A bursa between the tendon of popliteus and the lateral condyle of tibia.
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Medial
1. A bursadeep to the medial head of gastronomies
2. The anserine bursa is a complicated bursa which separates the tendons
ofsartorius, gracilis and semitendinosus from one another, the tibia and from
thetibialcollatera ligament.
3. A bursadeeptothetibial collateral ligament
4. A bursadeep to the semimembranosus.
5. Occasionally a bursa is present between the semimembranosus and the
semitendinosus.
RELATIONS OF KNEE JOINT:
Anteriorly: Quadriceps femoris, patellar retinacula and supra patellar
retinacula and suprapatellar bursa (*2%%:
Posteriorly: Oblique popliteal ligament, popliteus, popliteal artery with vein posterior
and tibia nerve posterior to both; lymph nodes; heads of gastrocnemius ,lower end of

semimembranosus and semitendinosus™*%

Poster omedially: Sartorius and gracilistendons™*%
Posterolaterally: Biceps femoris with the common peroneal nerve on its medial

s'de(12,13).

MOVEMENTS OF KNEE JOINT:

Flexion and extension are the principle movements at the knee. Some rotation
is possible when the knee is flexed but islost in extension. During the terminal stages
of extension the large medial tibial condyle screws forwards onto the femoral condyle
to lock the joint.

Conversdly, the first stage of flexion is unlocking the joint, by internal rotation

of the medial tibial condyle, an action performed by popliteus.
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The principa muscles acting on the knee are,

Extension: Quadriceps femoris.

Flexion: Predominantly the hamstrings but also gracilis, gastrocnemius and sartorius.
Media Rotation: Popliteus, semitendinosus and semimembranosus bring about
medial rotation of the flexed leg assisted by the sartorius and gracilis.

Lateral Rotation: Latera rotation of the flexed leg is brought about by the biceps
femoris.

During the last 30 degrees of extension, medial rotation of the femur occurs so
that the articular surfaces of femur and tibia are completely used up. This is called
locking of the knee. Similarly during initial stages of flexion, lateral rotation takes
place, which unlocks the knee joint. This is brought about by the action of popliteus.
Locking of knee helps the knee to remain in the position of full extension without

much muscular effort™®

MRI ANATOMY AND APPEARNACE OF INJURED LIGAMENTS.

Routine MRI sequences for the evaluation of the knee vary among
ingtitutions and scanners. The knee should be imaged in all 3 planes—sagittal,
coronal, and axial. At a minimum, scans should include sequences to define
anatomy, edema, and cartilage.

Sequences for anatomic definition include spin-echo (SE) and fast spin-
echo (FSE), proton-density (PD) sequences. Fluid-sensitive sequences, such as
SE/FSE PD fat-suppressed or short tau inversion recovery (STIR), detect edema.
Cartilage may be characterized by fat-suppressed FSE PD sequences, fat-
suppressed, gradient-echo (GRE) sequences; or spoiled gradient, fat-suppressed

sequences.
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Corona images with anatomy-defining and fluid-sensitive sequences
optimally demonstrate the medial and lateral supporting structures. Additional
useful information may be gleaned from sagittal and axial images of these
structures.®®
i) THE CRUCIATE LIGAMENT S344647-

Anterior Cruciate Ligament is a attached to posteromedial aspect of laterd
femoral condyle, it extend inferiorly and medially to anterior tibial intercondylar
region it inserts between anterior attachments of menisci.its function is prevent
anterior displacement of tibia and posterior displacement of femur. The ACL is 11-12
mm thick and appears straight and taut without angulation.On MRI appears
intermediate to hypointense. ACL best seen on saggital images.

Most common mechanism of injury to anterior cruciate ligament is external
rotation of femur on afixed tibia with avalgus force. Other less common mechanisms
include hyperextension, internal rotation with maximal extension or anterior
trandation of tibia produced by a direct force against the back of calf. Clinicaly the
patients present with hemarthrosis and an audible pop at the time of injury. The
anterior cruciate ligament has limited healing capacity possibly related to
heterogeneity of collagen fibers or fibroblast function within a synovial environment.
Acute rupture of the ACL ranges from low grade, partia thickness to full thickness
and are located most commonly in the mid- to proximal aspect of the ligament. ACL
tears occur up to eight times more commonly in females than in males Indertalwaret
a., 1998. A torn ACL fiber has increased T2-weighted signal and an abnormal
contour. In some full-thickness tears, an amorphous mass replaces the discrete ACL

fibers. Fluid can fill the gap between the fibers of afull-thickness tear. The location of
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the tear can be described as proximal, midsubstance, distal, or involving the femoral
or tibial attachment.
On MR imaging there are both direct and indirect signs of anterior cruciate
ligament injury.
The direct signsinclude I nder talwar et al.,™
i.  Discontinuity of the fibers of anterior cruciate ligament
ii.  Anabnormal contour of anterior cruciate ligament.
Theindirect signsinclude Inder talwar et al.,”*
The knee John Haaga 5™ edition 2009 ™
Angulation of the posterior cruciate ligament of less than 105 degree,
i.  Anterior tibia translation exceeding 6mm
ii.  Overhanging posterior horn of the lateral meniscus by 2.5mm
iii.  Deep lateral femora notch exceeding 2 mm in depth
iv.  Segond fracture of the lateral tibia involving the middle portion of the lateral

fibrous capsule at the meniscofemoral attachment

<

Chip fracture of the posterior tibia

vi.  Rotary bone contusion pattern.

vii.  Irregularity of the free concave edge of Hoffa’s fat pad suggestive of

synovitis.

Jamal Yagoob et al,, 2015 “®

The arthroscopic characterization of partia tear is variable and ranges from
the presence of some interrupted fibers to a sub totally ruptured ACL. In this study
they adopted the approach used by Rubin et a.,.that is to distinguish complete ACL
tear from the rest. Therefore a complete ACL tear on MRI was seen in 11 patients

(20%) Discontinuity and non-visualization of ACL fibres were considered predictors
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of a complete ACL tear. Only 5% of ACL tears were identified in isolation, while
15% were associated with meniscal tears. ACL tear with midsubstance hyperintense
signa was seen in 5 patients (9.2%) while non-visualization of the ACL was
identified in 6 patients (11%). They found sagittal T2- weighted images evaluating
ACL abnormality with great degree of accuracy, while corona T2-weighted and PD
sequences were helpful in the evaluation of the proximal and distal ACL

attachment sites.

In patients with ACL tear subtle periphera tears may be present in both lateral
and medial menisci which should be carefully looked for on imaging, especially
posterior horn of media meniscus. The specificity decreases if a tear is diagnosed
when there are only equivocal or probable findings on MRI because these findings
usually do not represent atear at arthroscopic examination.

Amreenbariet al.,2014 Dec “9 Out of total 230 patients, ACL tear was most
common finding affecting 172 patients (74.8%). According to them diagnosis of
partial tears of ACL may not be accurate due tooverlying synovial reaction.Anterior
tibial subluxation was found in 82 patients, with 34 patients categorized under grade 1
and 48 patients showed a subluxation of grade 2 or more.

Patients with complete ACL tear showed grade 2 or higher ATS, thus
suggesting that significant ATS is existent with complete ACL tears. In a study done
by Chan et d.,., [16], the presence of torn ACL was established on the basis of
measurements of the position of the lateral tibial plateau relative to the lateral femoral
condyle on a saggital image. Proper use of this sign requires little experience yet it

provides sensitivity for identifying complete ACL tear.
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F. Rayan et al,, 2007 2

The objective was to compare and correlate clinical, MRI, and arthroscopic
findings in the diagnosis of anterior cruciate ligament (ACL) injuries.Out of 26 cases
where ACL was found damaged on MRI scan, 22 cases had arthroscopic evidence of
ACL injury (84.6%)MRI scan has much better negative predictive value than positive
predictive value in anterior cruciate ligament injury diagnosis. When clinical signs
and symptoms are inconclusive, performing an MRI scan is likely to be more
beneficial in avoiding unnecessary arthroscopic surgery.

K etan Gupta et al,, 2013

Case of ACL study shows MRI has very good sensitivity (100%) which may
be due to fact that ACL isrelatively easy structure to see on MRI and because of ACL
injuries are most common injuries in internal derangement of knee , radiologists are
very keen to see whether ACL is injured or not. So there are less chances of
interobserver errorsin case of ACL injuries.

There was not a single false negative case of ACL in this study.

This study found that the accuracy of the MRI scan in diagnosing internal
derangement of knee in decreasing order of ACL, PCL, MM and LM. The routine use
of MRI scan to confirm diagnosis is not indicated, as the positive predictive value of
the scan islow for al lesions. In the presence of positive clinical signs, proceeding to
arthroscopy is recommended. The negative predictive value of a scan was found to be
high for all structures of the knee joint and hence a ‘normal’ scan can be used to
exclude pathology, thus sparing patients from expensive and unnecessary surgery and
also freeing up valuable theatre time. In this scenario the accurate and careful clinical
examination remains the primary necessity in diagnosing internal derangement of

knee. From this study, we believe that routine interaction of arthroscopist and
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radiologist with retrograde introspection about the diagnosis should be encouraged, In
the everyday practice, based on clinical examination that comes first, surgeons decide
whether he must proceed to further laboratory tests, MRI, conservative or surgica
treatment. In India routine use of MRI for diagnosing every knee injury is not
acceptable considering the cost effectiveness of treatment. So in patients with obvious
clinical diagnosis by experienced orthopaedic surgeon and role of MRI is debatable.
Dr D SSHETTY et al,, ® The main indication of MRI is in assessment ligament
injuries. However it is useful in demonstrating other knee joint abnormalities
involving articular cartilage, bone marrow, synovium, patellofemora joint and
adjacent soft tissue ACL tear accounted for the maor number of cases (36.5%)
Hyperintensity in the ligament was noted in 28 cases, discontinuity in 10 cases and
nonvisualization of ACL was seen in six cases.In this study ACL tear was the
commonest condition accounting for 42 patients (36.5%). Mid substance tear in the
form of hyperintensity was noted in 30 patients (71.4%). Hyperintensity in the
ligament was seen in 28 patients (61.9%) and discontinuity in 10 patients (23.8%). Six
patients (14.3%) with ACL tear showed non-visualisation of ACL. Secondary signs
such as PCL buckling, anterior tibial displacement, uncovered meniscus sign and
bone contusions assisted in diagnosis in indeterminate case. Associated meniscal tear
was seen in 32 patients (76.2) and PD and T2WI revedled abnormality with great

degree of accuracy.

John Haaga. et al,,”

Posterior cruciate ligament is intracapsular and extrasynovial. Posterior
cruciate ligament originates at lateral aspect of medial femoral condyle, crosses the
anterior cruciate ligament and attaches to posterior intercondylar portion of

tibia.posterior cruciate ligament is central stabilizer of knee, resisting posterior
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displacement of tibia when knee is flexed. The PCL is generaly 15-20 mm thick,
uniformly hypo intense (black), more curved than the ACL and is in shape of hockey
stick appearance when knee is extended on saggital images*”

The PCL isinjured by three mechanisms.®

1. Knee hyperextension

2. Kneehyperflexion.

3. Posterior displacement of tibiawith knee flexed.

The PCL most commonly tears at the mid portion of the ligament. PCL injuries
have a high association with other injuries. Trabecular microfractures, or bone bruises are
seen associated commonly. PCL tears are also associated with posterolateral corner
injuries
Sonin et al,, 1995 *

Posterior cruciate ligament; normal and abnormal injury pattern.Acute tear of
PCL are usualy manifested by thickening of middle portion of ligament with
increased signa intensity on both TIWI and T2WI. The mass like quality that an
acutely torn ACL exhibitsis not seen in acute PCL tear.Also, unlike acute ACL tears,
continuity of ligament is maintained in PCL with acute trauma.

Chronic tears of the PCL are difficult to diagnose and image. Because most
PCL injuries heal without surgery, the ligament will form fibrous scar in the place of
normal ligament. This scar generally has the same signal intensity of native tissue.
Secondary signs such as a lax ligament or persistent increased signa may help
diagnose chronic PCL tears

JP Singh et al,, 2004° in there study 10 patients of PCL tears were detected
accurately both by MRI and Arthroscopy. The use of MRI to identify PCL tears has

proven to be extremely accurate. This might be expected in light of the fact that the
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PCL is usudly very easlly visuadized as a homogenous, continuous low-signal
structure. Several studies have reported sensitivity, specificity, accuracy, positive
predictive value and negative predictive value to be 99-100%. In this study too the
sensitivity, specificity, accuracy, positive predictive value and negative predictive

value was 100%.

GuptaMK et al,jan 2014 **

MRI showed tears of PCL in 14 cases, out of which only 13 cases showed
tears during arthroscopy. MRI showed no tears of PCL in rest 26 cases, out of which
tears was found in one during arthroscopy.

These tears were within the vascularized red zone of the meniscus. It is
possible that these MRI findings that had the appearance of a tear were healed tears.
This area can aso be difficult to visualize at arthroscopy, so it is also possible that
meniscal tears were present in these areas but were not seen during arthroscopy.
Timing of MRI may also be an issue. A substantial delay between injury and MRI
may allow the meniscus to heal, but intrameniscal signal may persist, leading to false
positive MRI reading. Similarly a delay between MRI and arthroscopic evaluation
could allow healing and a false positive result- 17, In the present study, all subjects
were symptomatic and MRI was done on average of 10 days before arthroscopic
procedure.

Manoj MK et al, January 2014*

PCL is usualy very easily visualised as a homogenous, continuous low signal
structure in MRI all PCL tears were accurately detected and the same confirmed in
arthroscopy.

Posterior Cruciate Ligament No of tears identified by Arthroscopy : 4 No of

tearsidentified by MRI : 4 Accuracy of MRI in diagnosing PCL injuries : 100%
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MRI should be done in all patients suspected of ligamentous injury, thus preventing

unwanted arthroscopies. The orthopedic surgeon must be able to associate the
findings on MRI in the decision making before and during arthroscopy. When one
menisci or ligament is injured, always look diligently for other derangements. which
is producing definite mechanical symptoms will need arthroscopic surgery whatever

is shown on MRI.

Jamal Yagoob et al,,2015 *®

PCL tear was identified in only 2 patients (3.7%) appearing as hyperintense
signal in one patient and ligament discontinuity in the other patient. PCL is difficult to
visualize during arthroscopy with intact ACL, and in such cases physical examination
is often performed under cover of anesthesia to determine rupture of PCL. MRI
findings preceding arthroscopic evaluation are often helpful in PCL evaluation.22 In

our study PCL rupture was identified in both patients by arthroscopy.

THE COLLATERAL LIGAMENTS
MEDIAL COLLATERAL LIGAMENTS %7

The anterior vertica component and the posterior oblique component of the
MCL are depicted consistently on coronal T1l-weighted or SE/FSE T2-weighted
sequences. As seen on the image below, the MCL is seen as athin, taut, well-defined,
low T1/T2-signa structure extending from the medial femora epicondyle to the
medial tibialmetaphysisSurrounded by high T1-weighted signal — fibrofatty tissue
throughout its full extent, the MCL is parallel to and closely applied to the media
femora epicondyle and medial tibial metaphysis. The anterior vertical or superficial
component is best visualized at the level of the intercondylar notch in the vicinity of

the distal insertion of the ACL.

25



Fig 4 Proton density coronal image shows the anterior vertical portion of the
medial collateral ligament as a thin, taut, well-defined, low-signal structure
extending from the medial femoral epicondyle to the medial tibial metaphysis
(straight arrows). Distal insertion of the anterior cruciate ligament is visualized

(curved arrow)>

Media collateral ligament are usually caused by valgus stress and are often
associated with other derangements. The combination of ACL tear, MCL tear and
medial meniscus tear occurs with valgus stress to knee while foot is fixed on ground
and is also known as “unhappy triad” or O donoghue’s triad.

The traditional classification of MCL tear is to grade the damage as first
through third degree sprain/ tear injuries.

Grade | Lesions are defined as signa intensity superficia to MCL

representingedema, withintact MCL fibres.
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Grade Il lesions in which fluid signal extend partially through MCL, athough
some fibres remain intact.

Grade 11 lesions with complete discontinuity of MCL fibres seen along with
surrounding edema consistent with a complete rupture™

A chronic MCL tear is seen as an ill-defined, thickened ligament with low T1-

weighted and T2-weighted signals.

Lateral collateral ligament (LCL)

The lateral supporting structures are seen on posterior corona and far lateral
sagittal T1-weighted or SE/FSE T2-weighted sequences. The arcuatepopliteofibul ar
and fabello-fibular ligaments are visualized.

Because of its posterior course, the entire LCL rarely isvisualized on asingle
coronal image.

Speciaized corona oblique (parallel to typical course of norma LCL) and
sagittal, 1-mm, 3-dimensional, volume-rendered sequences depict the LCL and
posterior lateral corner (PLC) structures particularly well. The LCL is seen as a thin,
taut, well-defined, low — T1/T2-signa structure extending laterally and posteriorly
from the lateral femoral epicondyle to the fibular head.

An acute LCL tear is seen as a serpiginous or lax ligament with discontinuous
fibers (or avulsed fibular head), often without significant thickening of the ligament.
As previoudly discussed, LCL tears rarely are isolated, and an LCL tear becomes

more likely as associated PCL and cruciate ligament injuries increase in severity.
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Fig5 Thelateral collateral ligament islax and itsfibersareinterrupted at its
origin (white arrow) on this coronal fast spin-echo T2-weighted image. Note the
associated anterior cruciatetear (black arrow)®®

A chronic LCL tear (seen below) appears as a thickened, low — T1/T2-
weighted signal ligament.

Almost all tears of LCL are associated postero-lateral corners of knee. The
injuries include damage to structures within the region of LCL, such as capsule, the
biceps femoris and the popliteus, as well as to structures else where in the knee, such
as cruciate ligaments or lateral tibial rim (segond fractures) 7%

The Menisci: The sagittal plane is most important plane in assessing the
menisci, with coronal plane providing supportive rather than new information and the
axial plane increasing the accuracyof the sagittal and coronal planes when combined.
In general, sagittal images optimally show anterior and posterior horns of the medial
and the lateral menisci, corona images help in evaluating the Meniscal bodies and

thin axial sections provide an additional view of menisci and their free edges'®*%"
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Sagittal image: The anterior and the posterior horns of menisci appear as isosceles
triangles.

The posterior horn of medial meniscus is twice the size of anterior horn. The
anterior and posterior horns of lateral meniscus are of same size. The posterior horn of
either menisci should never appear smaller than the anterior horn. On both sides, the
menisci appear as flat bands. On lateral side, the more central the dlices take on
bowtie configuration because of smaller radius of curvature.

Coronal images: Mid portion of the knee produce best images of bodies of both
menisci.

They appear triangular and dlightly larger laterally than medially. The capsular
attachment on the medial side is incorporated in the tibia and media collateral
ligament. A small amount of fat may be interposed between the body of the medial
meniscus and the capsule. On posterior coronal cross sections, the posterior horns
appear as flat bands. On latera cross sections, the popliteal tendon courses upward
and laterally at 45 degrees. More anteriorly, the anterior horn of lateral meniscus
appears as a band like structure. The anterior horn of medial meniscus extends more
anteriorly than lateral meniscus

The medial and lateral menisci, the transverse ligament, and the
meniscofemoral ligament appear homogenously dark on al pulse sequences. The
vascular and avascular zones cannot be distinguished on MRI. The vascularized zone
does not demonstrate enhancement withintravenous gadolinium.

TR Madhusudhanet et al,,2008 *
Datafrom 565 knee arthroscopies performed between 2002 and 2005.

Patients were categorised into three groups on objective clinical assessment:
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Those who were positive for either meniscal or cruciate ligament injury [group 1]

Both meniscal and cruciate ligament injury [group 2]

Those with highly suggestive symptoms and with negative clinical signs[group 3].
MRI was requested for confirmation of diagnosis and for additional

information in all thesepatients. Two experienced radiologists reported MRI films.

Clinical and MRI findings were compared with Arthroscopy as the gold
standard.A thorough clinical examination performed by a skilled examiner more
accurately correlated at Arthroscopy.

MRI added no information in Group 1 patients, valuable information in Group
2 and equivocal in group 3 patients.

A negative MRI did not prevent an arthroscopy. In this study, specificity
positive and negative predictive values were more favourable for clinical examination
though MRI was more sensitive for meniscal injuries.

De smet and mukherjee et al,, 2008 Clinical, MRI and arthroscopic findings
with associated with failure to diagnose a laterad meniscus tear on knee MRI
performed the study to determine why lateral meniscus tears are missed on MRI.36 of
189 lateral meniscus tears found at arthroscopy were not diagnosed on original MR
interpretation, In recent study sensitivity of 79% for lateral meniscus tear.Because
failing to diagnose a lateral meniscal tear did not correlate with failure to diagnose
amedical menisca tear, poor quality MR examination due to patient size or motion
are not likely to account for some of missed tears.

Lateral meniscal tear are more likely to be missed if tear involves only one
third of meniscus or posterior horn.Longitudinal peripheral tear of posterior horn were

most commanly missed tears that could be seen in retrospect
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Amreen abdul bari et al,,*.

MRI of 230 patients with 71 arthroscopic co-relation.Sensitivity, specificity,
PPV and NPV was calculated for ACL it was 87.87, PCL 81.57.MM 93.54, 87.50,
LM 77.77, 81.81.

MRI is helpful in diagnosing meniscal and cruciate ligament injuries,
arthroscopy still remains gold standard for definitive diagnosis.

Ketan Guptaet al,,

Positive predictive value and negative predictive value of ACL was 60% and
100%, Of PCLwas 30% and 82%, Of MM was 38% and 100% and of LM is 28% and
77% respectively.

Routine use of MRI scan to confirm diagnosis is not indicated, as the positive
predictive value of the scan is low for al lesions. In the presence of positive clinical
signs, proceeding to arthroscopy is recommended. The negative predictive value of a
scan was found to be high for all structures of the knee joint and hence a ‘normal’
scan can be used to exclude pathology. Reporting of MRI is dependent on the
technician and the Radiologist. It has along learning curve
Ruth Crawford et al,,

MRI is highly accurate in diagnosing meniscal and ACL tears. It is the most
appropriate screening tool for therapeutic arthroscopy. It is preferable to diagnostic
arthroscopy in most patients because it is faster. From the review, it is clear that the
diagnostic performance results of MRI differ for the medial and lateral meniscus and
the ACL, although al were above 85% accuracy. The diagnosis of meniscal tears was
more difficult due to small periphera tears. The improved results in the diagnosis of
ACL tearsin response to 30° flexion and in particular in response to 55° flexion were

based on the fact that the anterior cruciate ligament moved further away from the
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intercondylar roof with increased knee flexion.MR Imaging of the knee at 55° of
flexion and less at 30° of flexion alow an improved diagnosis of injuries to the
anterior cruciate ligament as compared to MRI examinations at extension. The
diagnosis of meniscal injuries, however, was not superior at either flexion positions
compared to commonly performed examinations at knee extension.

Manoj MK et al,*

This was a prospective study of 80 patients to compare and correlate the MRI
appearances of meniscal and ligamentous injuries and its various types with
arthroscopy.

Out of the 80 patients 35(43.75%) showed ACL injury, 23(28.75%) showed
medial meniscus tear, 11(13.75%) showed lateral meniscus tear, 4 (5%) showed PCL
injury, 4(5%) showed MCL injury and 3(3.75%) showed LCL tear.

MRI is a very useful non-invasive modality having high sensitivity and
specificity in detecting IDK. MRI can be considered at par with arthroscopy in the
diagnosis of meniscaland cruciateligament tears.

Is MRI Essential Prior to Arthroscopic Management of Internal Derangement
of the Knee?

Khan R.A et al,, 2010 **

This study was designed to compare the accuracy of clinical examination and
MRI by arthroscopic examination in patients with knee meniscal and ACL injuries.If
clinical diagnosis could be as accurate as MRI, the need for this expensive and time
consuming investigation could be avoided.

In case of menisca injuries, clinical examination had sensitivity of 91%,

specificity of 22%,positive predictive value of 73%, negative predictive value of 50%

32



and accuracy of 70% and MRI had sensitivity of 94%, specificity of 9%, positive
predictive value of 64%, negative predictive value of 50% and accuracy of 63%.

The accuracy of diagnosis of meniscal and ACL injuries by clinica
examination and MRI were arthroscopically compared and found to be fairly matched
It is suggested that routine use of MRI just to confirm the clinical diagnosis of these
injuries should be reconsidered.

D. J. DANDY et al,,"* The accuracy of the clinical diagnosis of meniscal tears
is about 75% to 80%, compared with 88% to 90% for MRI. For lesions of articular
cartilage, both the sensitivity and accuracy of MRI are low.MRI is a considerable
advance and may well preserve patients from unnecessary operations. A knee which
is producing definite mechanical symptoms will need arthroscopic surgery whatever
is shown on MRI.If there are no mechanica symptoms MRI may be indicated to
exclude any treatable pathology.

Surgeons who are less expert in this specialist field are well advised to request
MRI in preference to arthroscopy for a doubtful case, but those who are confident
about their management of knee disorders may need neither. MRI is very useful but,

aswas once said of arthroscopy, it is no substitute for clinical acumen.
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i) THE MENISCI

FIG 6 Magnetic resonance imaging scan showing a normal meniscus & torn

meniscus.

Abnormal shearing forces may be generated during compression and rotation
of knee resulting in meniscal damage. The rotation of femur on a fixed tibia during
flexion and extension places the menisci at risk for injury. Clinical signs of meniscal
injury include joint pain along the joint line, giving way, clicking, locking of knee in
fixed flexion and effusions.

Before embarking upon the pathological states, it is worthwhile considering
normal anatomic variants which should not be mistaken for pathological
conditions®*?"

Before embarking upon the pathological states, it is worthwhile considering
normal anatomic variants, which should not be mistaken for pathological conditions
NORMAL MENISCAL VARIANTS:

The Discoid Meniscus. It is a congenital anomaly found usually in lateral
meniscus. It has a reported incidence of 0.4 to 16.6%(43) . A meniscus is said to be

discoid if there is continuity between anterior and posterior side [bow tie appearance]
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on five or more contiguous 3mm sagittal MRI section. It presents with symptoms of
joint line tenderness, ““snapping’’, and locking of the knee. The three types of discoid
latera meniscus are complete, incomplete, and the Wrisberg variant. Some
investigators include a ring-shaped meniscus’s a fourth type. The complete and
incompl ete types have afirm, normal posterior tibial attachment and are stable.

Symptomatic patients who have these types of discoid menisci usualy are
treated with a partial meniscectomy. In contrast, the Wrisberg variant has no posterior
coronary or capsular attachments and increased T2signal is present between the
meniscus and the capsule, smulating a periphera tear or a fascicular injury. The
Wrisberg variant has the most notable symptoms, with a *‘snapping’ sensation
occurring when the posterior horn moves across the femoral condyle during flexion
and extension.

A discoid medial meniscus is much less common, with the incidence reported
to be 0.12% t00.6%.0n MR, the diagnosis of a discoid meniscus is suggested by
identifying either meniscal tissue on three continuous sagittal 5-mm-thick dlices, or a
meniscal body on coronal images greater than 15 mm wide or extending into the
intercondylar notch The discoid meniscus has an increased incidence of tears and
degeneration, likely caused by its abnormal shape, resulting in increased stress on the
meniscus. Intrasubstance ‘“‘grade 2’ signal, or abnormal signal not extending to an
articular surface, is noted in 24%of discoid menisci and is more common in complete
discoid ‘menisci. Typicaly, this abnormal signal is not considered clinically
significant. However, in thepopulation with discoid menisci, some investigators

report that this Intrasubstance signal may be significant clinically®>*%
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Meniscal Ossicles: They are reported in 0.15% of patients and are thought to be
eitherdevelopmental or posttraumatic. These small, ossific foci are found typically in
the posterior horn of the medial meniscus and are associated with meniscal tears.
They can be symptomatic, or associated with pain and a sensation of locking,
clinically simulating a torn meniscus with a flap component. The ossicle follows the
signal of bone marrow on MRI®>#9-

Meniscal flounce: It isawavy appearance along the free edge of the meniscus.
Previously, meniscal flounce was thought to be identified only at arthroscopy, in the
presence of joint fluid in the setting of an ACL or medial collateral ligament (MCL)
tear. However, a flounce can be seen without a ligament injury. Recently, the
Meniscal flounce has been identified with MR imaging when the kneeisin 10 degrees
of flexion.. The flounce can appear truncated on corona images and can simulate a
tear or degeneration. The incidence at MR is reported to be from 0.2% to 6%. A
flounce-like appearance can be seen with meniscal Tears®>*-

Meniscal Extrusion: It is measured from the outer meniscal edge to the
proximal tibial margin. Extrusion of the media meniscus more than 3 mm is
considered abnormal. This degree of extrusion can be seen in patients who have
advanced Meniscal degeneration, and various types of menisca tears. Although
extrusion of the anterior horn or body of the lateral meniscus sometimes is considered
anormal variant, others consider extrusion of the lateral meniscus more than 1 mm to
be abnormal
MENISCAL TEARS
The cause of meniscal tears can be divided into two categories.

a. Increased force on a norma meniscus, usually resulting in longitudina or

radial tears, and
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b. Normal forces on a degenerative meniscus, usually producing horizontal tears
in the posterior half of the meniscus.

Tears are more common in the medial meniscus, possibly because the medial
meniscusis less mobile, and it bears more force during weight bearing than the latera
meniscus, with 56% of tears involving the posterior horn of the medial meniscus.
Tears isolated to the anterior two thirds of the meniscus are uncommon, representing
only 2% of medial and 16% of lateral meniscal tears*

Lateral meniscal tears are more common in younger patients (under 30 years
old), who have a higher incidence of tears related to sporting events than do older
patients. It is likely that this is related to the higher incidence of concomitant ACL
tearsin this population.

Diagnostic Criteria:
Two criteriafor diagnosing ameniscal tear are commonly used*

i. An intrasubstance area of intermediate or high signa intensity that

unequivocally extendsto the articular surface,

ii.  Abnormal meniscal morphology
Intrasubstance signal: It isgraded asfollows:
Grade 1:Intrameniscal high signal intensity of irregular or globular appearance that is
confined within the meniscus and does not extend to the articular surface.
Grade 2: The signal is linear and does not intersect the inferior or superior articular
surface. It may, however, contact the capsular margin at the posterior aspect of the
meni scus.
Grade 3: Tears characterized by linear high or intermediate signal intensity that

extends to the superior and/or inferior articular surface.
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Grade 4: It is sometimes added to indicate a complex tear with multiple components
or fragmentation.

Both grade 1 and grade 2 lesions do not represent a tear, but indicate mucinous
and mucoidintrasubstance degenerative change and are usually encountered after the
third or fourth decade. In children and adolescents, prominent vasularity may
resemble grade 1 or grade 2 lesions.

Abnormal M eniscal morphology:

Morphologic changes of the meniscus associated with meniscal tears include
blunting of tip of the inner free meniscal edges of the meniscus, displacement of a
portion of the meniscus, interrupted appearance of the meniscus and abnormal size of
a segment of the meniscus is detached (a bucket handle tear), the remaining peripheral
portion appears small and often truncated. The displaced portion usualy lies within
the intercondylar notch beneath the PCL.

Coronal views are helpful in further identifying such displaced fragments. An
abrupt change in contour of the meniscus,known as the “notch’ sign, is an important
indicator of a meniscal tear. Although the normalmeniscal flounce can simulate it, the
presence of abnormal intrameniscal signa makes the notchsign a more definite
indicator of ameniscal tear*®"

Classification of tears:
1. Horizontal tears
2. Vertica tears

3. Complex tears

1.Horizontal Tears: Horizontal tears are parallel to the tibia plateau and divide the
meniscus into upper and lower segments. The Cleavage type extends to the apex and

divides the menisci into upper and lower halves. They are referred to as ‘fish mouth’
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tears. In the Non cleavage type, tear extends to the superior and inferior articular
surface of the meniscus.

Horizontal tears are most common within the posterior horn of the medial meniscus.
Linear horizontally oriented grade Il signa intensity is sometimes mistaken for

complete horizontal tears**

2. Vertical Tears:

They are perpendicular to the tibial plateau, A vertical longitudinal tear occurs
between the circumferential collagen fibers parallel to the long axis of the meniscus.
Longitudinal tears can be obliquely oriented, but are not paralléel to the tibial plateau.
Vertica grade Il signal intensity located within the peripheral third of the meniscusis
considered a peripheral longitudinal tear A vertical radial tear occurs perpendicular to
the circumferential collagen fibers and long axis of the meniscus. Radial tears are also
known as free edge tears because they involve inner edge of the meniscus. MR
images obtained perpendicular to the orientation of radial tear easily demonstrates tear
as asmall gap or cleft in the meniscus (Cleft sign), which sometimes can be observed
to move across the meniscus on successive images (Margin Cleft sign). If the
orientation of the imaging planeisin the same direction as afull thickness radial tear,
a section through the same plane of the tear will demonstrate the absent meniscus or
high signal intensity not representative of meniscus because of volume averaging,
which results in the so called Ghost sign. A partial thickness radia tear will
demonstrate blunting or abrupt truncation of the apex of the meniscus (truncated
triangle sign). The term parrot beak tear has been frequently used to describe a
vertical radia tear at the inner edge of the meniscus that curves obliquely across the

circumferential collagen fibers*
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Root tears. They are full thickness radial tears at the central tibial attachment sites of
the menisci &are caled the root ligaments. .A root tear is reportedly difficult tear to
diagnose because meniscaltissue is noted only on one side of thetear. The diagnosisis
easier to make medially because of theclose anatomic relationship between posterior
horn of the meniscus and the tibial attachment of the PCL. Normaly, on 3-mm
sagittal images, the meniscus should be seen on the image media to thePCL
attachment; otherwise, a root tear is suspected and the coronal images can confirm.
Lateralmeniscal root tears are diagnosed when posterior horn of the lateral meniscus
does not cover the most medial aspect of posterior lateral tibial plateau on at least one

coronal image**
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Fig 7 showsnormal meniscusin coronal anterior and posterior & meniscal
injuries.
Bucket-handle tears. These are displaced longitudina tears. The displaced in a
fragment often has the appearance of a handle, and the remaining peripheral segment
attached to thetibial resembles a bucket — hence the name. Confirmation of thistear is
mandatory and can be made by identification of displaced fragment. The most reliable

sign is the finding of a displaced fragment of meniscus in the intercondylar notch,
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which can be better seen on coronal images. This sign is associated with a truncated
or shortened meniscus on coronal images. On sagittal images, the displaced fragment
can be seen lying anterior and parallel to the PCL. This is known as the double PCL
sign. These tears may aso result in the flipped meniscus sign, double delta sign, or
double anterior horn sign, in which the displaced meniscal segment of the posterior
horn is located anterior to, on top of posterior to the anterior horn. Helpful cluesin
these cases include non visualization of the posterior horn of the meniscus, the
appearance of alarger anterior horn than posterior horn, or an anteriorhorn taler than
6mm4,44.
Flap Tears: A flap tear or adisplaced flap tear is aterm that is used often to describe
a shortsegment, horizontal meniscal tear with fragments either displaced into the
notch or into the superioror inferior gutters. Flap tears are the most common type of
meniscal tears and may developfollowing only minimal meniscal trauma of the
degenerative meniscus from chronic shear stress. They involve the inner one third to
one half of the meniscus with a superior or inferior leaf extensionthat creates the
ﬂap(46).
3. Complex tears. They either have two or more tear configurations or are not
categorized easilyinto a certain type of tear*®
MRI grading of meniscal tears and degenerations:

A grading system based on the signa abnormality correlated with
histopathological abnormalities has been developed to understand the significance of
increased signal intensity patternsin meniscal abnormalities®**

Grade |: Non-articular focal or globular intrasubstance increased signal intensity in

the nonarticular portion of the meniscus.
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Grade I1: Horizontal linear intrasubstance increased signal intensity usually extends
from the capsular periphery but does not involve an articular surface.
Grade I11: Region of abnormal signal intensity extends or communicates to at least
one of the articular surfaces.
MENISCAL CYST

A meniscal cyst is a fluid-filled structure adjacent to a meniscus, which
appears as intermediate signal intensity mass on T1-weighted images and
hyperintense on T2-weighted images, sometimes lobulated or septated. Meniscal cysts
are strongly associated with a horizontal cleavage tear of the meniscus and often a
connecting neck between the tear and the cyst can be visualized. The cysts may
become fairly large, which is thought to be caused by a ball valve mechanism. They
can become symptomatic usualy on the medial side, since they may impress on the

medial collateral “+4:

FIG 8 Hyperintense cystic lesion in medial meniscus.
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MENISOCAPSULAR SEPERATION

Meniscocapsular separation occurs when the meniscus detaches from the
capsular attachments,which is more common medially and usually is associated with
other injuries.

Meniscocapsular separation is evaluated best on coronal and sagittal T1- or
proton density— weighted sequences for anatomy, and fat-saturated T2-weighted or
STIR sequences for pathology. Signs that have been described in meniscocapsular
separation include displacement of the meniscus relative to the tibial margin,
extension of the tear into the superior or inferior corner of the peripheral meniscus,
and an irregular outer margin of the meniscus body on coronal images. Additional
signsinclude increased distance between the meniscus and the MCL, or fluid between
the meniscus and the MCL. Overal, the presence of perimeniscal fluid and an

irregular meniscal outline are the best predictors of meniscocapsul arseparation**:

V) EXTENSOR MECHANISM AND PATELLAR TENDON

The extensor mechanism of the knee consists of the quadriceps muscle group,
guadriceps tendon,patella, patellar retinaculum, patellar ligament, and adjacent soft
tissues. Injuries to the extensor mechanism are common and consist of chronic
degenerative injuries, overuse injuries, and acute trauma. Overuse injuries typically
are seen in high performance athletes, most commonly in sports requiring long
distance running or jumping. Cumulative micro trauma produced by repetitive
kneeflexion and extension resultsin focal inflammation®”:

Acute traumatic injuries occur secondary to direct blunt trauma or excessive
tension applied to the extensor mechanism through quadriceps contraction. Patellar
fractures are the most common traumatic injury of the knee extensor mechanism®”

Patellar tendinopathy
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Patellar injuries can result from chronic overuse injuries or as aresult of acute
trauma. Patellar tendonosis, or ‘jumper’s knee’ results from chronic overload on the
patellar tendon because of strain from the quadriceps muscle group. Chronic overload
results in microtears and focal degeneration,which is characterized histologically by
pseudocyst formation, increased fibrocartilage, and myxomatous and hyaline
metaplasia. Patellar tendonosis frequently is seen in participants in sports associated
with jumping and is associated with mal-alignment(349:

MRI findings consist of foca thickening of the proximal patellar tendon, with
increased signal on T1-weighted and T2-weighted images. Edema in the paratenon,
infrapatellar fat pad, and subcutaneous adipose tissue is associated with acute patellar
tendonitis, which is defined as symptoms of less than 2-week duration and patellar
tendon tears. Acute patellar tendonitis is associated with increased intrasubstance
signal on T1-weighted and T2-weighted images without tendon thickening“?-

Patellar tendon tears

They may be partial or complete, and most frequently occur in the proximal
inferior patellar tendon.A patellar sleeve fracture represents a cartilaginous avulsion
from the lower pole of the patella and isoften associated with patellar tendon tears.
With complete inferior patellar tendon tears, the patellaretracts proximally as a result
of the pull of the superior patellar tendon®*%:

MRI shows discontinuity of the tendon, demonstrated on fluid-sensitive
sagittal T2-weighted andSTIR images. MRI findings in partial patellar tendon tears

can resemble acute patellar tendonitis.Correlation with a history of acute trauma is

useful for specific diagnosis®**
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Quadricepstendon tear

A tear of the quadriceps tendon is the second most common acute injury to the
extensor mechanism. Injury to the quadriceps mechanism (rectus femoris, vastus
medialis, vastus intermedius, vastus lateralis, and quadriceps tendon) may be the
result of acute trauma caused by rapid deceleration ,such as running when the foot is
planted, or it may be caused by chronic micro-trauma. In elderly patients or patients
who have gout, diabetes, connective tissue diseases, or other systemic conditions,
minor trauma may result in quadriceps injury.

MRI is useful in differentiating complete from partial quadriceps tendon tears.
With complete tears, discontinuity of the tendon with associated retraction of the
proximal remnant usually is visualized best using T2-weighted images. Often, an
associated hematoma is seen with heterogeneous signal intensity on T1-weighted
images.
Myotendinous strain

Myotendinous strain is a common injury in athletes. The most commonly
injured muscles are fusiform muscles that cross two joints. In these muscles, high
tensile stress develops when the muscle is forced to lengthen during active
contraction, a process termed eccentric contraction. Because the rectus femoris
muscle is the only component of the quadriceps muscle group that crosses two joints,
it is the most common site for myotendinous strain injuries in the knee extensor
mechanism™.

MRI findings of strain injuries consist of focal edema centered on the central
tendon of the rectus femoris. The presence of a focal hematoma is indicative of a

partial myotendinous tear.
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Complete myotendinous tears often are recognized clinicaly, and these
patients |ess frequently undergo MR “9:

V) OSSEOUS AND OSTEOCHONDRAL LESIONS

Bone bruise or marrow edema pattern. Bone bruises or marrow edemamay be
identified with numerous conditions, including trauma, infection, and osteoporosis.
Bone bruises related to trauma may be caused by a direct blow, articular compression
forces, or avulsion injuries. The extent of marrow edema tends to be more dramatic
with compression or direct trauma, compared with avulsion injuries.

Typically, bone bruises are not visible on radiographs. However, these injuries
are detected easily on MR images using T1- weighted sequences and either short T1
inversion recovery (STIR) or fat-suppressed T2-weighted sequences. Specific edema
patterns are also useful in predicting the mechanism of injury and the associated
ligament, tendon, or meniscal involvement .

Tibial plateau fractures

Subtle tibial plateau fractures are overlooked easily on radiographs. The only
finding may be a lipohemarthrosis, which can be detected on the cross table lateral
radiograph. Displaced tibia plateau fractures are detected easily on radiographs.
However, further imaging with CT or MR imaging is required to evaluate fragment
position and associated soft-tissue injuries.

CT is adequate for the evaluation of fracture position, articular step-off, and
separation of fragments. MR imaging, especially with subtle fractures, can assess the
bony injury and associated ligament and meniscal injury more easily *°.

Segond and rever se Segond fractures
The Segond fracture is a small, avulsion fracture proximal and posterior to the

insertion of the iliotibial band on Gerdy’s tubercle. The avulsion may occur with
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internal rotation and the knee flexed, or with interna rotation and varus stress. The
fracture is caused by avulsion of the meniscotibial portion of the middle third of the
lateral capsular ligament, with possible associated fractures ofthe fibular head or
Gerdy’s tubercle. In the case of severe varus stress, such as in a motor vehicle
accident, the entire lateral ligament complex may be disrupted.

Segond fractures have a high incidence of anterior cruciate ligament tears and
meniscal injury. MR imaging is ideal for the detection of osseous, meniscal, and
ligament injuries. The reverse Segond fracture, much less common, is a medial
avulsion of the deep media collateral ligament attachment on the tibia The
mechanism of injury is felt to be valgus stress with external rotation and is associated
with disruption of the posterior cruciate ligament and peripheral medial meniscus
tears. When this avulsion is detected on radiographs, MR imaging should be
performed toEval uate the associated ligament and meniscal injuries®®:

Osteochondral lesions

Osteochondral lesions in the knee may be acute or chronic. Acute lesions
result from impaction, or rotational or shearing forces. The fracture may involve only
cartilage, or cartilage and underlying bone. The fracture line is parallel to the joint
line, unlike more conventional fractures that enter the joint vertically or obliquely.
Fractures may be impacted, elevated partially or displaced completely and free in the
joint % When imaging osteochondral lesions, radiographs may be useful, but
detection and appropriate classification are accomplished more effectively with MR
imaging usingT1- and T2-weighted or STIR sequences. The axial and sagittal planes
are most useful for femoral lesions. Lesions that are minimal (softening, fibrillation,
or fissuring) show abnormal signal intensity without elevation or separation. MR

signs of unstable lesions include a high signa intensity line between the native bone

47



and the osteochondral fragment, focal defects, articular fracture, and adjacent
subchondral cysts®®
Spontaneous osteonecr osis of the knee:

Spontaneous osteonecrosis of the knee (SONK): Spontaneous osteonecrosis of
the knee was considered classically a condition of vascular insufficiency, leading to
bone infarction of the weight bearing surface of the femora condyle. The condition
was seen in older adults. The condition amost always was unilateral and involved
most commonly the media femora condyle. growing base of knowledge in the
literature suggests that a subchondral insufficiency fracture leads to foca
osteonecrosis. Similar features have been described in the media tibial plateau as

Wd I (49).
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METHODOLOGY

SUBJECTS:

The objective of present study is to determine accuracy, sensitivity, specificity
and concordance of findings of MRI and correlating with arthroscopy in our hospital
establishment. Our hospital is 700 bedded tertiary care hospital where daily 10-15
trauma
cases are admitted.

MATERIALSAND METHODS:
1. Sourceof Data:
All cases referred from orthopedic department of shri B M PATIL MEDICAL
COLLEGE,VIJAY APUR for evaluation of traumatic knee.
2. Method of data collection
Duration of study
Sample size : 33 cases.
INCLUSION CRITERIA
1. Patient in age group of 18-45 years.
2. Patients who had recent knee injuries (within 2 months) to either or both knee
joints.
EXCLUSION CRITERIA
1) Patients with contraindication to MRI like intracerebral aneurysmal clips,
cardiac pacemaker, metallic foreign body in eye, implantsin middle ear.
2) Patients who had recent knee injury but who on clinical examination had no
instability in any plane and negative McMurray test . 3. Patients who had
prior arthroscopy or surgical intervention to knee joint.

3) Imaging protocols
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Each MRI was performed using the MR protocol of 1.5 Tesda on PHILIPS
GYROSCAN.
ACHIEVA 15T MRI. T1 & T2 weighed sequences were done on coronal and sagital
planes MR films were be read by a senior radiologist. The status of menisci, cruciate
ligament, cartilage and subchondral bone were registered.

Study will be evaluated for:

Joint effusion ; Present/Absent
Anterior Cruciate Ligament tear : Present/Absent
Partial/Complete

Posterior Cruciate Ligament tear ; Present/Absent,
Partial/Complete

Medial Collatera Ligament tear ; Present/Absent
Grade- 1/2/3

Lateral Collatera Ligament tear ; Present/Absent
Grade- 1/2/3

Medial Meniscal Tear ; Present/Absent

Location & Type
Lateral Meniscal Tear ; Present/Absent
Location & Type
Osseous /Osteochondral lesions ; Present/Absent
5. Arthroscopy/ Surgery:
Will be carried out in OT by orthopedic surgeon in al cases where indicated

for diagnostic or therapeutic purposes.
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6. Research hypothesis
7. Findings of MRI of the Knee are well correlated with the arthroscopic findings in
patients of traumato the Knee.
8. Statistical Methods:
Descriptive Stetistical analysis

90% confidence interval of findings of MRI and Arthroscopy
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RESULTS

Table2 Agewisedistribution with multiple responses.

Age ACL | PCL | MCL | LCL MM LM | TOTAL | % of the cases
10-20 1 0 0 0 0 0 1 3.03
20-30 6 0 4 2 2 0 14 424
30-40 9 3 1 2 2 1 18 54.5

Above 40 3 0 2 0 2 1 8 24.24

AGE WISE DISTRUBUTION

10
8 ®ACL
® PCL
6 EMCL
4 ELCL
MM
2 LM
& JOINT EFFUSSION

10to 20 20to 30 30to 40 above 40

Fig 9 shows age wise distribution of various ligament injury in correlation of

MRI with arthroscopy.
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Table 3 Duration of injury of patients studied.

Duration of injury Number Per centage
Upto 1 week 6 18.1

1 week to 2 week 8 24.24

3 week to 4 week 9 27.27

4 week to 5 week 4 12.12

5 weeks 6 18.1
Total 33 100

Duration of injury

11.18

upto 1 week  2-3 week 3-4 week 4-5 week >5 week

10

o N b~ OO @

Fig 10 shows duration of injury in weeksfor investigation of MRI &

arthroscopy.
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Table4: Joint effusion

Joint effusion n-33 Per centage
No 12 36.3
Yes 21 63.7

Joint effusion

E No

M Yes

FIG 11 piediagram shows patients presented with arthroscopy.
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Tableno 5 location wise multiple responses

L ocation of ACL tear MRI % of the | Arthroscopy % of
cases cases
Mid substance 10 30.3 9 27.27
Femoral attachment 5 15.1 5 15.15
Tibial attachment 3 9.09 3 9.09
Total 18 54.9 17 51.51
12
10
8 -
] = MRI
B ARTHROSCOPY
4 .
2 -
0 -
MID SUBSTANCE FEMORAL TIBIAL
ATTACHMENT ATTACHMENT

Fig 12 Bar Diagram with multipleresponsein injuriesof ACL.
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Table No 5 Cases with multiple responses.

PCL

MRI

% of cases

Arthroscope

% of cases

3

9.09

3

9.09

3.5

1.5 -

0.5

PCL

B MRI
B ARTHROSCOPHY

Fig 13 shows multiple responses of PCL injuriesin MRI and arthroscopy.
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Tableno 7 Grade wise distribution with multiple responses.

MCL Tear MRI % of cases Arthroscopy % of cases
Grade | 1 3.03 1 3.03
Grade 2 2 6.06 2 6.06
Grade 3 1 3.03 1 3.03
2.5
2
1.5
B MRI
1 - B ARTHRSCOPHY
0.5 -
O .
GRADE 1 GRADE 2 GRADE 3

Fig 14 shows multipleresponsesin bar diagram with various gradeof injury in

correlation of MRI with arthroscopy.
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Tableno 8 With multiple responses.

LCL

MRI

% of cases

Arthroscopy

% of cases

Grade |

3.03

1

3.03

Grade Il

6.06

2

6.06

Grade 11

3.03

3.03

2.5

1.5

Grade 1

Grade 2

Grade 3

M Series 1

M Series 2

Fig 15 shows multiple responses of LCL in correlation of MRI with arthroscopy.
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Tableno 9 With multiple responses

MM MRI % OF CASES | ARTHROSCOPHY | % OF CASES
GRADE | 1 3.03 0 0
GRADE I 2 6.06 2 6.06
GRADE Il 3 9.09 3 9.09
3.5
3
2.5
2
H MR
1.5
M ARTHROSCOPHY
1
0.5
0 |

GRADE | GRADEII GRADE Il

Fig 16 Bar diagram with multipleresponsesin MM in correlation with

arthroscopy.
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Table No 9 With multipleresponses

LM MRI % of cases | ARTHROSCOPE | % of cases
GRADE | 0 0 0 0
GRADE Il 1 3.03 1 1
GRADE III 1 3.03 1 1
2
1.5
1 = MCL
B ARTHROSCOPE
0.5
0
GRADE | GRADE I GRADE Il

Fig 17 Bar diagram showing various grades of LM injuriesin correlation with
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Table No 110sseous/osteochondral lesions.

Osseous/osteochondral Number %
lesions

Absent 22 67

Present 11 33

Osseous lesions

B Absent Present

Fig 18 Piediagram with multiple responses showing osseous lesions
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Table no 12 with multiple responses.

Combined injuries Frequency Per centage
Isolated injuries 17 52
Two injuries 9 27
Three injuries 5 15
Four injuries 1 3
Fiveinjuries 1 3
Frequency

18

16

14

12

10

8

6 H frequency

4

2

0 . : — N @ .

Isolated Two injuries  Three  Four injuries Five injuries
injuries injuries
Five injuries

3% Frequency

Four injuries
3%

Fig 19 shows multiple associated kneeinjuriesin MRI and arthroscopy.
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DISCUSSIONS

The role of MRI has steadily increased and is now investigation of choice for
internal derangement of knee. It is also being used for pre and post operative
evauation. It is a non invasive technique that that does not require contrast
administration and is not operator dependent. Complete evaluation of interna
structures of the knee is not possible with modalities like radiography, arthrography
and ultrasonography. Even with arthroscophy lesions such as peripheral meniscal
tears, inferior surface tears and osteochondrans dessicans without articular damage are

most commonly detected.
AGE OF PATIENT.

Manoj MK et al 2014 “° | A total 40 cases with age ranged between 15-61 years. 12.5
% were below 20 years, 63.7% were between 21-40 years, 18.75% were between 41-
60 years. More than 60 years 5%. The mean age was 30 years and the maximum
number of patients affected belongs to the age group of 21-40 years. which is
correlating our study with clinical history, They found mean age group of younger

generation with acute history such as road traffic accident and sportsinjury.

GuptaR et al 2015 studied ** Role of MRI in delineation of internal derangement of
knee in trauma patients in there study a total of 44 patients with 37 males and 7
females. Maes comprised of 84.1% and females comprised of 15.9% of the total
study group. Male patients exceeded the number of female patients in al the age
groups. The age group ranged from 20 to 60 years with mean age being 32.2 years.
20-30 year was the commonest age group in there study. They aso found knee

injuries are common in mainly in younger generation and active individuals. Even in
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our study we found mean age of injuries are from 30-40 yrs (54.3%) which is very

well correlating.

Bashir Ahmed Mir 2015 * in there study there weretotal of 50 patients were
included in the study in the age group of 18 to 50 years with a mean age of 38.5 years.
Out of 50 patients in our study, 35(70%) were males and 15(30%) were females. Left
knee was predominantly involved in 64% of the cases with 36% involvement of right
knee for all pathologies diagnosed on arthroscopy, in our study also we found similar

fings with mean age 30-40 yrs which is similar to this study.

Ali Akbar esmaili jah et al,, 2005 *°, They conducted a prospective, single blind
study, to compare diagnostic accuracy of clinical examination with MRI findings in
assessing patients with acute traumatic internal derangement of the knee. A total of 57
males (81.4%) and 13 females (18.6%), ranging in age from 17 to 51 years (mean =
27.9). The right knee was involved in thirty cases (42.9%) and the left knee in 40
(57.1%). Most of cases in there study were non-professional sports injury in 55
patients, a motor car accident in 10 patients and a fall in 5 patients, however in
contradiction we found most of cases were due to sports and recruits and road traffic

accident injuries, our study mean age is correlating with study.

Rajpal Yadav et al,, 2013 " they conducted study on Role of MRI in evaluation of
painful knee. A total of 50 patients and mean age of patients in this study was 36.70+
13.14. The maximum numbers of patients were seen in 40-50 years age group, which
is contradicting our study since in our study we found mean age group ranging from
30-40 and patients presented with acute history of trauma, however rajpalyadav
studied patients of traumatic origin or non traumatic origin like infection or

inflammation. Since old aged patients presents with nontraumatic cases with we have
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excluded in ourstudy. Anaysis of demographic characteristics shows that in this
present study of 50 patients, 17 were females (34%) and 33 were males (66%). Thisis
because males are generally more active than females and travel a lot. Hence their

knees are exposed to more wear and tear. Also they are at more risk of injury.

Madhusudan et al 2008 >’ A total of 109 patients with 68 males and 41 female
patients in the age group of 18-70 years with a mean age of 52 yrs. Patients in groups
1 and 2 were in the age group of 18 and 50 years and group 3 consisted of 62 patients
in the age group of 51-70 years. There were three identified groups. Those who were
clinically positive for meniscal or cruciate ligament injury [group 1], combined
meniscal and cruciate ligament injury [group 2], and patients with highly suggestive
symptoms but with negative clinical tests [group 3]. 82 patients in the study had
treatment in the form of a knee support device or physiotherapy prescribed by their
general practitioner before their first visit to the orthopaedic consultation. Our
protocol of study included only patients of acute trauma on visit to orthopaedic OPD
most of patients were positive for clinical tests since most patients presented with

acute trauma

Liem 1. Bui-Mansfield et al,, In this study. The mae-to-female ratio was 9: 1, and the
mean age was 31 years old, These demographics reflect a military population. In our
study we found many of our patients from police training school, vijayapura these
patients were managed conservatively for 2 weeks, however later on surgery were

planned.

Rakesh Guijjar et al,, 2015 " They found knee injuries represent roughly 6% of all
acute injuries treated at emergency department and between 27% and 48% of these

have been reported to be sports related in their study, in there study found that mean
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age was 2 weeks. Acute injuries were taken immediately for surgery within 1 week,
and patients with non-sports injured patients were given 2-3 weeks of time for

conservative management in our study.

In our study included around 33 patients suspected having internal
derangement of knee. Maximum were young and middlie aged group mean age from
30-40 yrs (54.3%) with below studies quoted shows mean age group is younger age

due to trauma and sports injury.
MODE OF INJURY

Gupta R et al,, 2015 > The common mechanism of injury noted was road traffic
accident with 20 patients (45.5% of the total population) followed by sports related
injuries with 13 patients (29.5% of the tota population) Forty of these patients
presented with pain, 23 patients presented with painful swelling of the knee, and the

remaining 22 patients presented with leg instability.

A. A. ESMAILI JAH et al 2005 *® They found mechanism of trauma was a non-
professional sports injury in 55 patients, a motor car accident in 10 patients and afall
in 5 patients. In our study we found 20 patients of non professional sports injury and

10 cases of road traffic accidents and 3 cases of police recruits due to sportsinjuries.

Rakesh Guijjar et al,, 2015 They found knee injuries represent roughly 6% of all
acute injuries treated at emergency department and between 27% and 48% of these
have been reported to be sports related in their study. In our study we found most of

injury due to non professional injury, road traffic accident & sportsinjury.
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A total of 33 patients presented in OPD. Out of these injuries patient presented with
various mode of injury, Some were due to sports injury, road traffic accidents, some

were police recruits from police training centre, Vijayapur.

DURATION OF INJURY

TR Madhusudhan et al,, 2008 >

Arthroscopy is inevitable considering the load in the National Health Service
(NHS) , however waiting time for the MRI from the point of definite clinical
diagnosis was 3-7 weeks [average 4.1 weeks] and the waiting time for arthroscopy
following the MRI was a further 5-8 weeks [average 5.8 weeks]. 3 patients were
examined directly by the orthopaedic team following an acute episode and the rest
were seen by the emergency medicine department at the time of injury to be followed
by Orthopaedic consultation, In our study most of injuries were due to acute injury &
sports person and recruits, since patient was given appointment for MRI and
arthroscopy, mean duration was from 1-4 weeks (54.27%), and however due to load
of patients most of patients were given 2 weeks of appointment for arthroscopy & few

patient were managed conservatively initially and later advised surgery.

Peleg Ben-Galim, MD et al 2006 % The interval between MRI and arthroscopic
surgery had to be no longer than 3 months. Soldiers included in our study were those
excused from physical activity between MRI and arthroscopy. In our study few
patients were given time for rest from physica activity, police recruits are given

excuse of 3 weeks, patient with partial tear were managed conservatively

Solomon et al 2003 *® stated “While most meniscal or ligamentous knee injuries heal

with non-operative treatments, a subset should be treated with arthroscopic or open
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surgery”. We believe that our clinical protocol including a second examination after 3
weeks of splinting can reduce the number of unnecessary MRI’s or arthroscopic
procedures, and should be particularly considered when the patient is not a
professional sportsman, or is willing to wait for three weeks. However, in case of a
high clinical suspicion of osteochondral damage and/or bony lesion, early MRI, or

arthroscopy may be required.

William Rodriguez, Jr 2008 ® in there study found The mechanism of injury was
dashboard type in 35%, fall on aflexed knee (blow to the anterior proximal tibia) with
the foot plantar-flexed in 24%, and hyperextension in 12% of cases. Hyperflexion
injury has been described as a less-common mechanism of PCL injury. Sports-related
PCL injuries are significantly more likely to be isolated and more likely to be
diagnosed in the acute phase, similarly in our study showed mode of injury due to

dash board injury and sports related injury were noted in 3 cases.

In our study patient presented with different age of injuries with mean
week/duration of injury 1 to 4 weeks(52%), due to most of injury were due to acute
internal derangement of knee, so most of the patients present in acute stage with
associated injury. These patients under went clinical examination and MRI followed

by arthroscopy on appointment.
ANTERIOR CRUCIATE LIGAMENT

Monoj k et al,, 2014 “° studied 98% in mid substance and 100% in femoral &tibial
attachment out of total cases of 35. Most common sign of ACL Injury in MRI was
hyperintensity. A critical review of false positive and false negative findings in MRI
showed 1 false positive and 1 false negative case. False positive case had both

primary and secondary findings. Cause of primary finding was non visualisation of
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ACL and the causes for the secondary findings is unclear; they may have reflected the
physiological ligamentous laxity. In the false negative case that had a partial tear as
seen in arthroscopy the MR image showed a linear band of intact fibers normally
oriented in expected location of the ACL. Studies have show that MR imaging has
low sensitivity (40- 75%) but moderate to high specificity (62-94%) in diagnosis of

partia tears

Singh et al.2004 ° Out of 78 patients of ACL tears, 53 patients (67.94%) had mid
substance tears, 15 patients (19.23%) had tears at the femoral attachment and
10(12.8%) at the tibia attachment were detected, on MRI. In our study, the most
common tear location was at mid-substance. On Arthroscopy, mid substance tears
were seen in 52 patients (66.67%), femoral attachment tearsin 15 cases (19.23%) and
tibial attachment tearsin 11 patients (14.1%) were detected. In there hyper intensity in
the ligament as the most common sign which was seen in 52 patients (66.67%),
16(20.51%) patients showed discontinuity and 10(12.82%) patients showed non

visualization of ACL, Our study midsubstance tear of ACL had similar findings.

Laxman Prasad Ahirwar et al,, 2013 ® Out of 100 patients of IDK. Out of 32 ACL
tear, 25 (78%) were classified as complete tear and 7 (22%) as partia tear. 11(34.3%)
of ACL tears were located in proximal segment, 17 (53.2%) in mid substance and 4
(12.5%) in dista segment of ligament. Arthroscopy was performed in 31 patients.
Preoperative MRI reported ACL tear in 14, and 13 patients proven as tear on
arthroscopy. 1 was normal on arthroscopy (false positive) and 1 case which were
norma on MRI found to be torn on arthroscopy (false negative). MRI abnormal
signa intensity was seen within the ligament with intact fibers. Mean while in our
study had a similar findings on MRI findings of abnormal hyperintense signal in mid

substance partial tear of ACL tear. On arthroscopy had a false negative case.

70



Anton M Allen M.D et al 2014 ® . Meanwhile ACL ligament showed hyperintense
signal in one of cases in midsubatance tear of ACL tear similarly in this study , they
studied two manifestation in partial tear (1) an anteriorly angled ACL stump or (2) a
heterogeneous variable-signa nodule projecting anteriorly from the ACL. Histologic
evaluation of the nodules has revealed disorganized ACL fibers, fibrosis,
inflammation, and hemorrhage, they came to conculsion as MRI adds some value in
the evaluation and management of partial tears, and positive MRI findings should not
be ignored, even in the setting of a negative Lachman test. In most cases. Partial ACL
tears are evolving. Factors favoring conservative treatment include advanced age, a
normal or near-norma Lachman result, low athletic demands, and less than 50%
involvement of the ACL fibers on arthroscopy. Most young and highly active patients,
patients with a clearly abnormal Lachman result, and patients with greater than 50%
or posterolateral band involvement on arthroscopy are best treated with ACL
reconstruction. Similarly our showed a false negative cases. On discusiion with

orthopaedic surgeon we went ahead with arthroscope for further evaluation.

In our study we found hyperintensity as most common in mid substance

tear and few cases showed discontinuity of femoral and tibia attachment.

Out of total 33 cases, ACL tear was common finding affecting total of 18
cases (54%) with injuries commonly seen in mid substance 10 cases (30.03%), 3 & 5
cases in respective femoral and tibial attachment where detected on MRI and showing
one case negative on arthroscopy due to mid substance tears (27.2%). Due to

hyperintense signals on partial tear which is corealting to studies.
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POSTERIOR CRUCIATE LIGAMENT.

JP singh et al 2014 °

The PCL is usualy very easily visualized as a homogenous, continuous |low-
signal structure which is noted on various sequences. In therestudy atotal of 10 cases
of PCL injury, on arthroscopy correlation were 100% positive predictive value. In our
study results are similar to JP Singh et a due to easy visbility of PCL and

homogenous structure.

Laxman Prasad Ahirwar et al,, 2013 ®® ,0ut of 7 PCL tear, 3(42.8%) were classified
as complete ligament tear, 1 (14.4%) as partial ligament tear and 3(42.8%) tibial
avulsion (Fig. 4). Arthroscopy was performed in 31 patients. Preoperative MRI
revealed posterior cruciate ligament tears in 2 patients, both of them found torn on
arthroscopy. The PPV, NPV, sengitivity, specificity and accuracy in our study for

detecting PCL tears were 100%.

Michael R Aiello et al 2015 ® The sensitivity and specificity of MRI in making the
diagnosis of PCL tearsis high. Sensitivity has been reported to be as high as 100% &
associated injury were about 14%, in our study we reported sensitivity of 100% which
issimilar to this study and no cases were 3 (9.09%) which is less has compared to this

study.

William Rodriguez, Jr et al,, 2008 ®* in this study PCL usualy is injured as a result
of a stretching deformation, similarly in our study 2 cases resulted due to fal and one
case with dash board injury. Whereby the ligament maintains continuity as a
thickened structure, rather than frank rupture. Apparent ligamentous continuity was
seen in 62% of our cases of surgicaly proven tears. Abnormally increased signal
intensity within the PCL on proton-density images is highly suggestive of PCL tear
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and was seen in all of the patients in this study who had a surgical diagnosis of PCL
tear. With use of sagitta T2-weighted images, a 7-mm or greater anteroposterior
measurement of the vertical portion of the PCL can be considered evidence of a torn
PCL with a high degree of certainty. With above mentioned sequences our diagnosing

ability has improved and we measured PCL ligament thickness.
Collateral ligament

Venkateshwaran Arumugam et al,, 2015 % they studied Latera collateral injury
total no cases were 12 (10%) The main findings in there study was collateral ligament
injuries were adjacent fascial oedema and increased signal intensity of ligament and
associated with ACL injuries due to sports related injuries. In our study total of 4
cases were detected they were most commonly associated with ACL injury in

corroboration with above study findings are similar.

Adil 1smail Nasir et al,, (2013) ® In there study atotal of 12 cases were registered in
MCL & LCL injuries showed those injuries demonstrated increased signa intensity
on T2- weighted images because of edema and hemorrhage and others demonstrated
displacement or complete loss of continuity of ligamentous fibers, depending on the
severity of the injury. In our study no cases reported are similar and showed

discontinuity and loss of signals on sequences.

Mink JH et al. ® Occult cartilage and bone injuries of the knee: detection,
classification, and assessment with MR imaging They observed that out 11 patients
who had ACL tear and 7 patients had MCL associated injuries and 4 patients had

lateral meniscusinjuries and 1 patient had medial meniscusinjury.
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ThomasH. Berquist et al,, *?

Tears of the ACL are frequently noted in association with MCL tears (30%).
O’Donahue’s triad (medial meniscal tear, ACL tear, and MCL tear) is a frequently
described injury pattern. MRI criteriain two image planes can be graded by theextent
of fiber involvement (grade 1 sprain: afew fibers torn; grade 2 sprain: about 50% of
the fibers torn; grade 3 sprain: complete disruption of the MCL) or signal intensity
changes in and about the ligament. Grade 1 injuries show increased signal intensity
media to the ligament with normal signal intensity in the ligament. Grade 2 injuries
demonstrate increased signal intensity medial to and within the ligament without
complete disruption. Grade 3 injuries are complete similar to that defined by a grade 3
sprain. Reported 87% accuracy for MRI in classifying MCL injuries. Minor injuries
are particularly easy to detect due to the high sensitivity of MRI. Partial or grade 2
tears are more difficult to correctly classify with MRI, however we have reposted

100% correlation with arthroscopy.

8 cases had collatera ligament injury,out of it 4 had MCL (12%) and 4 cases
had LCL (12%) and cases showed 100% accuracy with arthroscopy. These cases were
associated with multiple injuries such as ACL injuries with medial meniscus injury

and fracturesin few cases.

In our study we had grade Il (12%) injuries were common in both lateral and

media collateral ligament.
Mensical injury.

Manoj k et al 2014 “ in there study only grade 3 tears were compared as

grade 1/ 2 do not reach upto the articular surface and hence invisible to arthroscopic
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surface evaluation. Out of 80 patients 23 (28.75%) showed media meniscal and 11
patients (13.75%) showed lateral meniscal tears on MRI. 18 patients (78.95%) had
posterior horn tear and 5 patients (21.05%) had anterior horn tear of medial meniscus.
On arthroscopy posterior horn tears were seen in 17 patients (73.91%), anterior horn
tears in 4 patients (17.4%) and middle one third tears in 2 patients. (8.7%). In our
study we had similar findings 4 cases with posterior horn tear and 2 cases with
anterior horn tear in medial meniscus & Lateral meniscus injury counting to total of 2

cases (6.06%) with each in anterior horn and posterior horn respectively.

Singh et al 2004 ! In this study detection of Lateral Meniscal tears the sensitivity,
specificity and accuracy was 87%, 99.29% and 97.11%. The accuracy of MRI in
identifying medial meniscal tear has been reported to range from 72%-98%, with
sensitivity of 77%-97.5% and a specificity of 37%-100%.The occurrence of the false
positive meniscal tears at MRI imaging has been noted earlier. There are explanations

for this apparent discrepancy between findings at MR Imaging and arthroscopy.

Misinter pretation of normal anatomy like Meniscofemoral ligaments etc.

The presence of intrasubstance tears which are not seen on arthroscopy.
The operator dependence of Arthroscopy. The presence of loose bodies.

Out of 57 Medial Menisci tears, there were two false positive (3.51%) and two
false negative (3.51%) observations. In our study, the 2 false positive MRI involved
the posterior horn of the meniscus. The exact cause of the false positives in detection
of tears of the posterior horn of the medial meniscus in our study was not apparent. It
may be attributed to the presence of intra-meniscal tears not communicating with the

articular surface of the meniscus or misinterpretation of normal anatomy or operator/
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procedure dependant drawback of arthroscopy. however this finding is noted in our

study due inferior surface injury.

De Smet et al,, 2012 * How | Diagnose Meniscal Tears on Knee MRI, MRI is a
highly accurate imaging method for diagnosing meniscal tears. To avoid errors in
diagnosing meniscal tears, those interpreting MR examinations of the knee need to be
aware of the attachments of the menisci and the normal variations in meniscal
anatomy that may resemble a meniscal tear. In addition, by being aware of the
patterns of meniscal tears, it is easier to diagnose the less common tears. In my recent
experience, a definitive diagnosis of an intact or a torn meniscus can be made in 95%
of knee MR examinations. In the remaining 5% of patients, it is not possible to be
definitive but a diagnosis of a possible tear or a probable lateral posterior root tear or a
differential diagnosis of meniscal fraying or tear should be given. In our study grade |

tear were diagnosed were diagnosed.

Out of total 9 cases (25%) meniscal injury were detected, In our study showed
medial meniscus were more common than lateral meniscus. We found 4 cases with
posterior horn tear and 2 cases with anterior horn tear in medial meniscus. Grade 11
tear were common with total of 3 cases(9.09%).0Out of 6 cases showed 5 horizontal
tears and 1 radial tears were detected. Grade | tear could not be identified by
arthroscope due to inferior surface tear of meniscus could not be visualized by
arthroscope due to limited field of vision. Lateral meniscus injury counting to total of
2 cases (6.06%) with each in anterior horn and posterior horn respectively. Grade Il &
[l injury in meniscus respectively. Radial tears were detected in LM injury in both

cases.
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Osseous osteochondr al lesions.

In our study Osseous/Osteochondral lesions were seen in 11 patients (33 %).
Most of these were bony contusions involving the femora and tibia condyles.
Osteochondral lesions are seen in nine patients. In our study we found a case of
Comminuted bicondylar fracture of proxima end of Tibia with intra-articular and
intracondylar extension. There is also fracture of medial tibial condyle in 4 cases
anterolateral. A case of Segond fracture of the lateral tibial rim with bony contusion
of the lateral femoral condyle was aso seen. These findings were correlated with
findings described by Thomas H. Berquist . The finding of hemarthrosis and
lipohemoarthrosis was associated in two cases with presence of intercondylar
fractures. These findings were correlated with findings described by Thomas

H.Berquist %

In our study, a correlation of MRI findings with arthroscopic / surgical
findings was performed in 11 patients (33 %). Among which in 09 patients (84%)
MRI findings are well correlated with arthroscopic / surgical findings with 95%
Confidence interval. Correlation between MRI and arthroscopic /surgical findings are

statistically significant with 95% CI (70.04-95.83%)

Bekir Yavuz Ucar et al,, 2012 *° Determining Bone Bruises of the Knee with
M agnetic Resonance Imaging

Type | lesions showed a signal intensity loss that was primarily located within
the medullar cavity of the bone, without cortical interruption. A Type Il lesion was
defined as a loss of signal intensity associated with interruptions in the black cortical
line; such an abnormality was defined in the present study as a fracture combined with

bone bruise. On short TE images, a type Il lesion was defined as a loss of signd
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intensity without definite cortical interruption in the bone regions adjacent to the

cortex.

They reported that MR imaging performed before arthroscopy of the knee
reduced costs. In there study, positive results were obtained via MR images of the
patients in whom radiographs showed no pathological findings, and these patients
were classified as Type |, based on the arthroscopic findings. Therefore, it can be
assumed that using MR imaging in acute minor knee traumas might prevent

unnecessary diagnostic arthroscopy.

However in our study there were cases reposted with bone contusion, however

we went ahead with surgery, there associated injuries.

Arthroscopy and MRI findings

In our study MRI finding were very well correlated, however in few cases
such as mid-substance tear of ACL (grade I) could be correlated because of
hyperintensity on PD/T2W!I sequences appeared to be grade | (tear), On arthroscopy

it was false negative.

Mensical injury showed grade | showed inferior surface of meniscus and
arthroscope these finding could not be correlated, However MRI were well correlated

with arthroscopy
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SUMMARY
The present study attempts to determine the role of magnetic resonance
imaging in the evaluation of internal derangements of the knee joint. Knee joint being
the largest and most complex weight bearing joint of the body is subject to damage
because of its inherent structural complexity and the various types forces it is
subjected to.

Magnetic resonance imaging has emerged as the frontline investigation for
evauation of internal derangements of the knee joint. It is noninvasive, does not
involve ionizing radiation and has multiplanar capability with excellent soft tissue
demonstration. Arthroscopy gives excellent visualization of the interior of the joint,
but isinvasive and can evaluate only the surface
abnormalities.

In the present study, 111 patients with knee joint symptoms, referred for
magnetic resonance imaging of the knee joint were evaluated.
Most common presenting symptoms were knee joint pain either acute or long
standing and swelling.
The most common age group to be involved was between 30-40 years. The
following patterns of knee injuries were seen:
1. Most common injury was ACL tear of which complete tears were more
common. Posterior cruciate ligament tears were less common.
2. Among the Meniscal injuries medial Meniscal tears are more common than
lateral meniscus and grade 3 tears are more common in both.
3. Medid collateral ligament tears outnumbered Lateral ligament tears and grade

2 tears are more common in MCL
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4. Osseous/Osteochondral lesions were seen in 11 patients (33%). Most of these
were bony contusions involving the femoral and tibial condyles.

5. Other abnormalities like hemarthrosis, joint effusions, and other myotendinous
tears were accurately detected and characterized with the help of magnetic
resonance imaging.

The ligamentous & meniscal and associated injuries are of increased severity
compared to the available literature that can be attributable to the severity of RTA and

injuries involved in young individuals.
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CONCLUSION

MRI isnon invasive and reliable investigation for ligament pathol ogies, which
helps in accurate diagnosis of meniscal and ligament injuries, which achieve good
results helps proper management by conservative and surgical treatment. However
arthroscopy still remains gold standard for diagnosis and treatment at same time.
Since false negative cases have been reported such meniscal injuries. So, MRI can
diagnose the knee injuries can reduce invasive procedure and assist further

management decision.
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Table 13 Demographic details

MR No. Name OPD/ Age Sex

Inpatient

Unit

Date

1. Clinical Parameters.
a) Mechanism of injury:
b) Duration of injury:
¢) Clinical findings:
2. Investigation Results
MRI Findings
a) Joint effusion: Present/Absent
b) Anterior Cruciate Ligament tear: Present/Absent,
Partial/Complete
c¢) Posterior Cruciate Ligament tear: Present/Absent,
Partial/Complete
d) Media Collateral Ligament tear : Present/Absent
Grade- 1/2/3
e) Lateral Collateral Ligament tear: Present/Absent
Grade- 1/2/3
f) Medial Meniscal Tear : Present/Absent
Location & Type

0) Lateral Meniscal Tear: Present/Absent
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Location & Type

h) Osseous/ Osteochondral lesions. Present/Absent
Location & Type

Final MRI Diagnosis.

Arthroscopic findings.
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CONSENT FORM

B.L.D.E.U’S SHRI B.M.PATIL MEDICAL COLLEGE HOSPITAL AND
RESEARCH CENTER, BIJAPUR-586103

RESEARCH INFORMED CONSENT FORM

TITLE OF THE PROJECT: “Correlation of findings of MRI with
arthroscopic findings in internal

derangement of kneejoint — A study”
PRINCIPAL INVESTIGATOR: Dr.NAVEEN SHEELAVANT .\mBBs

POST GRADUATE
DEPARTMENT OF RADIO DIAGNOSIS
Email: sheelvant.n@gmail.com
P.G.GUIDE:
PROFESSOR Dr R C Pattanshettivo

DEPARTMENT OF RADIO DIAGNOSIS

PURPOSE OF RESEARCH:

| have been informed that this study is “Correlation of findings of MRI with
arthroscopic findingsin internal derangement of kneejoint — A study”.

| have been explained about the reason for doing this study and selecting
me/my ward as a subject for this study. | have also been given free choice for either

being included or not in the study.
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PROCEDURE:

I/my ward have been explained that, I/my ward will be subjected to MRI scan
and arthroscopy.

RISKS AND DISCOMFORTS:

I/my ward understand that necessary measures will be taken to reduce these
complications as and when they arise.
BENEFITS:

I/my ward understand that my participation in this study will help to MRI knee
with arthroscopy.
CONFIDENTIALITY:

I/my ward understand that medical information produced by this study will
become a part of this Hospital records and will be subjected to the confidentiality and
privacy regulation of this hospital. Information of a sensitive, personal nature will not
be a part of the medical records, but will be stored in the investigator’s research file
and identified only by a code number. The code key connecting name to numbers will
be kept in a separate secure location.

If the data are used for publication in the medical literature or for teaching
purpose, o hames will be used and other identifiers such as photographs and audio or
video tapes will be used only with my special written permission. | understand that |
may see the photograph and videotapes and hear audiotapes before giving this
permission.

REQUEST FOR MORE INFORMATION:
| understand that | may ask more questions about the study at any time. Dr. Naveen S

is available to answer my guestions or concerns. 1/my ward understand that | will be
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informed of any significant new findings discovered during the course of this study,
which might influence my continued participation.

If during this study, or later, | wish to discuss my participation in or concerns
regarding this study with a person not directly involved, | am aware that the social
worker of the hospital is available to talk with me and that a copy of this consent form
will be given to me for careful reading.

REFUSAL OR WITHDRAWAL OF PARTICIPATION:
I/my ward understand that my participation is voluntary and | may refuse to

participate or may withdraw consent and discontinue participation in the study at any
time without prejudice to my present or future care at this hospital.

I/my ward also understand that Dr. Naveen will terminate my participation in
this study at any time after he has explained the reasons for doing so and has helped
arrange for my continued care by my own physician or therapist, if thisis appropriate.

INJURY STATEMENT:

| understand that in the unlikely event of injury to me/my ward, resulting
directly to my participation in this study, if such injury were reported promptly, then
medical treatment would be available to me, but no further compensation will be
provided.

| understand that by my agreement to participate in this study, I am not
waiving any of my legal rights.

| have explained to the

purpose of this research, the procedures required and the possible risks and benefits,

to the best of my ability in patient’s own language.

Date: Dr.R C Pattanshetti Dr. Naveen S
(Guide) (Investigator)
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STUDY SUBJECT CONSENT STATEMENT:

I/my ward confirm that Dr. Naveen S. has explained to me the purpose of this
research, the study procedure that | will undergo and the possible discomforts and
benefits that | may experience, in my own language.

I/my ward have been explained all the above in detail in my own language and
| understand the same. Therefore | agree to give my consent to participate as a subject

in this research project.

(Participant) Date

(Witness to above signature) Date
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CASES

History and presentation a 32 year old male presented with knee pain.

MRI on PD sequences shows altered signal changesin ACL.
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Arthroscopy shows meniscal tear on lateral meniscus.
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PD/T1W!I shows horizontal tear on lateral meniscus.
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MRI on axial/saggital section on PD/T2W!I sequence shows small cystic lesion lateral

meni scus.
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Arthroscopy shows small cystic lesion lateral meniscus.
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