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Normal patella 
�  Patella : anchor point  

�  In relaxed extension : patella is superior margin of  
the femoral trochlear groove with no compressive  

�  As flexion begins initial contact occurs between 
the distal, lateral edge of  the patellar articular 
surface and with increasing flexion sup and medial 

�  Normally the patella is fully engaged with the 
trochlea by 20 of flexion. 

�  At 120 flex, med facet contact medial trochlear 



Depth of the trochlear groove  

�  At an axial image 3 
cm proximal to the 
femoral-tibial joint 
space 

�  Normal TD > 
5.2mm.  

�  < 3mm indicates 
dysplasia. 

�  Or angle>140° 



Shallow femoral trochlear sulcus 
normally 136 +/- 6°;  
> 140° =instability 



Trochlear depth 

�  Trochlear depth: 
2+4*1/2-3=4mm 

�  Normal>3mm 

�  trochlear groove depth  
(sulcus) relative to the 
mean of  the medial 
and lateral femoral 
condyle outsets.  

�  At superior axial level 
with Trochlear cartilage  



Distance from tibial tubercle to trochlear 
groove (TTTG) 

�  One of  the accurate 
measures of patellar 
instability.  

�  Normal<15mm 

�  Suspicious=15-20mm  

�  Abnormal >20mm 



Facet asymmetry  

�  At an axial image 3 
cm proximal to the 
femoral-tibial joint 
space 

�  (MT/LT) *100%. 

�  < 40% : dysplasia. 



Patellar facet length(L/M=1.3) and 
angle(135+_8) in mid patellar image 



Lateral trochlear inclination 

�  The most superior 
section showing 
trochlear cartilage  

�  between the plane of  
the lateral trochlear 
facet subchondral 
bone and a tangential 
line through posterior 
femoral condyles .  

�  Normal>11 degree 

�  <11=dysplasia 



Patellar tilt 

�  knee flexed 20° (allows 
maximal subluxation of 
patella).  

�  green & yellow angle  
normally open  
laterally; 

�  reversal of  this angle 
constitutes patellar tilt.  

�  If the patella lies 
lateral to red line= 
laterally subluxed.  



Epicondylar(red) posterior condylar(yellow) 
angle  

�  Normal: 5.7 +/- 1.7° 



Rotation of the proximal tibia on the distal femur 
Normal: 

0-10 Tib ext rotation 



Tibial torsion 
Normally :  20-50° distal ext rotation  



�  Best in 30 degree 
Flex 

�  Nl=1+_0.2 (0.3 in 
MRI) 

�  Alta>1.2 

�  Baja<0.8 



Nl=1.25,Alta>2, useful in Sinding Larsen 



Patellar types 
�  Type I :with the 

typical rounded 
lower pole (red 
arrow) and normal 
length patellar facets 
(blue arrow)  

  



�  Type II :elongated 
patellar nose (red 
arrow) and variable 
abbreviation of the 
length of the 
articular facet (blue 
arrow) 

�  understates patella 
alta while overstating 
patella baja in ISI 
measurements 



�  Type III :flattened 
and truncated lower 
pole (red arrow) and 
a normal length 
articular facet (blue 
arrow)  

�  Patella alta 
overstated and 
patella baja 
understated  



Nl=1,allta>1.3 ,Baja<0.6 

�  Caton-Deschamps 
Index(C)  

�  Good in Osgood 
Schlatter disease  

�  Nl=1 

�  Alta>1.3 

�  Baja<0.6 



Nl=0.6,alta>1,Baja<0.5 

�  Blackburn-Peel Index 

�  Good in Osgood 
Schlatter disease 

�  Normal=0.6 

�  Alta>1  

�  Baja<0.5 



�  Normal=049 

�  Alta<0.18 

�  Baja>0.80 



RADIOGRAPHIC EVALUATION OF PATELLAR HEIGHT* 
*All obtained on lateral knee radiograph in 30° flexion. 



Table 2 
 

MRI Values of Patellar Height Indices* 



�  Patella alta 



�  Patella baja 



Mechanical axis 



Genu varum 



Mechanical axis deviation 

�  Normal 
�  Zone 1 

�  Treatment indication 
�  Zone 2:  

relative indication 

�  Zone 3:  
absolute indication 



Mechanical axis of  femur 
Femoral shaft axis 



 
Tibial shaft axis 



Anatomic tibiofemoral angle 
Normal: 6 valgus 



Mechanical tibiofemoral angle 
(mechanical deformity) 



Measurement of  varus or 
valgus deformity of  knee 



Joint line 



Anatomic knee joint angles 

�  Lateral distal femoral 
angle (LDFA): 87° 

�  Proximal medial tibial 
angle (MPTA): 87° 

�  Joint convergence angle: 
0° 



Extra articular deformity 

�  FJA compares with 
normal 87 femoral 
valgus è 95-87=8 
varus deformity of  
femur 

�  TJA compares with 
normal 87 tibial varus 
è 87-84=3 varus 
deformity of  tibia 



Femoral Neck Anteversion 
“Femoral torsion” 



Reduction of  FNA during 
childhood 

�  Newborn: 31 degrees 

�  5 years: 26 degrees  

�  9 years: 21 degrees 

�  16 years: 15 degrees 

�  Adult: about 15 degrees 

�  Anteversion è Toing-in gait 

�  Retroversion è Toing-out gait 



Femoral neck anteversion 
angle 

�  A) normal  

�  B) increased FNA 

�  C &D) decreased FNA  

�  Rretroversion 



Tailor position with maximum hip 
lateral rotationè decreased FNA 

“W” or reverse tailor position with 
maximum hip medial rotation è 

increased FNA 

Habitual sleeping and sitting 
postures 





Rt: 37, Lt: 44 





MRI 



Scoliosis 



The vertebrae and spinous processes rotate 
toward the concavity  



Scoliosis can result from congenital vertebral 
anomalies 



Erect vs. Supine radiograph 

�  Radiographs should be taken with the patient standing 

�  A difference of  up to 10 degrees when gravity is eliminated 



Apex 

�  The vertebra or 
disk with the 
greatest rotation 
or farthest 
deviation from 
the center of  the 
vertebral column 

�  The most likely 
displaced or 
rotated vertebra 
with the least 
tilted endplates 



End vertebrae  
�  The vertebra above and below 

the curve with least 
displacement or rotation and 
maximally tilted endplates  

�  used to measure the Cobb 
angle 



Cobb method>10=scoliosis 



Cobb method 



Location of  the curve or 
curves 



Lateral bending films  

�  Major, primary or structural curve  

�  Compensatory (non-structural) curve 



Primary (major, structural: remains >25) vs. 
Secondary, compensatory<25) 



Cobb method 
double curves 



Vertebral rotation 
 Nash-Moe method 

�  The degree of  rotation of  the vertebra at the apex of  the curve  

�  looking at the relation of  the convex side pedicle to midline 



Physiological or skeletal 
maturity 

�  Left hand and wrist  X-ray 

�  Vertebral ring apophysis  
(fusion of  the ring -> cessation of  spinal growth)  

�  Iliac crest apophysis 



Risser grade 
�  The crest is divided into four equal parts  

�  The excursion is graded 1 – 4; fusion is grade 5 

�  Grade 0 (no ossification) & 1 coincide with rapid growth 



A sample dictation of  a typical examination  

�  Standing AP and lateral views of  the entire spine demonstrate an arcuate 
thoracolumbar scoliosis with a rightward convexity.  

�  No associated vertebral abnormalities are noted.  

�  Using the Cobb technique, and measuring from the top of  the T9 and the 
bottom of  the L3 vertebral bodies, this angle measures approximately 27 
degrees.  

�  The apex of  the curve is at the T12 vertebral body and demonstrates 
grade 3 out of  4 rotation to the right.  

�  Lateral bending films show persistence of  the curvature with bending to 
the right and increased curvature with bending to the left. This indicates 
that the thoracolumbar curve is structural and major.  

�  The iliac apophyses are complete along the iliac crests, but have not yet 
fused with the ilium, indicating that the patient has not yet reached 
skeletal maturity.  



Indications for MR Imaging in a Patient 
with Presumed Idiopathic Scoliosis 



Thoracic Kyphosis and Lumbar Lordosis  

�  Thoracic Kyphosis 
�  21-33° 

�  From T3 to T12 

�  Lumbar Lordosis 
�  31-50° 
�  From L1 to L5 



Neck Shaft angle 



Glenoid Version Friedman method 
�  Glenoid line (blue 

line).  

�  The scapular axis 
connecting the root 
of  the scapular spine 
and the center of  the 
glenoid line (red solid 
line).  

�  Glenoid version (α) 
is calculated as the 
angle between the 
glenoid line and the 
line perpendicular to 
the scapular axis (red 
dashed line) 

�  normal : 2-9 
anteversion 



Glenoid version Vault method 
�  Better and 

unrelated to 
scapular shape 

�  Normal 5-15 
retroversion 

�  The glenoid line 
(blue line). 

�  The glenoid vault 
axis connecting the 
tip of  the scapular 
vault and the center 
of  the glenoid line 
(red solid line). 



Lt=Coracohumeral distance Nl>11m 



�  The SL angle(30-60) 

�  The CL angle(<30) 

�  In DISI, both the SL 
and CL angles are 
increased (SL > 60° , 
CL > 30°).  

�  In VISI, the SL angle 
is decreased (SL < 
30°) and the CL 
angle is increased (> 
30°). 



The distal articular surface of  the radius is biconcave with an 
average tilt of  10 degrees in the sagittal plane and ulnar 

inclination of  24 degrees in the frontal plane 
 



Alignment 

�  Ankle joint 3-4 mm in width 
 

�  Medial clear space 3-4 mm 
 

�  Lateral clear space 5 mm 
(1cm above joint) 
 



Calcaneal inclination angle(pitch) on a weightbearing lat foot  
low (pes planus): 10-20 degrees , 

Normal : 20-30 degrees,  
high(pes cavus” or “equinus): 30+ degrees 



Normal Meary angle (Tal-1th metatarsal)<4 
as a measurement of  collapse of  the longitudinal arch.  

Good for planus & Cavus severity 



Pes Planus: cal inclination<20 
Meary angle>0 

�  Often associated 
with:  

�  Hindfoot valgus and 
overpronation 

�  Pos tib tendon 
dysfunction 

�  Plantar fasciitis.  

�  Result in Achilles 
tendon pathology 

�  In 20% of  the adult 
( mostly  
asymptomatic) 



Pes planus: Pre OP 



Post-operative view after medial column stabilization, showing 
correction of  these angles to normal. 



Pes cavus: Pitch>30 



Hindfoot valgus/Varus  



Not well seen on AP x-ray 



AP Talocalcaneal angle (Kite's angle) 
Normal for adults is 15 - 30°  

>30° =hindfoot valgus, seen with pes planus 



Normal lateral talocalcaneal angle  

�  Normal 25-45 

�  >45 indicates 
hindfoot valgus, 
a component of 
pes planus 



Normal Talus-1th meatarsal &  
Cal-4th metatarsal alignment 



Hindfoot valgus :Increased Tal-Cal angle 
Cal abducted è Talus looses support è drops with medil & 

vertically orientation 
Usu with pes planus,coalition and PTT tendon dysfunction 



AP Talocalcaneal angle (Kite's angle) 
Normal for adults is 15 - 30°  

>30° would indicate hindfoot valgus, seen with pes planus 



 
Hindfut valgus 

Abnormal AP Talar - 1st metatarsal angle 
 



On MRI: normal at 0-6 degrees 
�  On on most 

pos cor image 
that includes 
both the tibia 
and 
calcaneus 

�  Medial border 

�  Hindfoot 
valgus: mild 
(7-16°), 
moderate 
(17-26°),sever
e (> 26°) 



Hindfoot varus 
�  Reduction in talocalcaneal 

angle 

�  Talus and calcaneus are 
aligned more parallel on all 
views. 

�  In isolation, but usu in 
patient with congenital 
talipes equinovarus (club 
foot).  



Club Foot: Decrease Tal-Cal angle 



 
 

Talipes equinovarus (Clubfoot) talocalcaneal 
angle = 14 degree 

 



 
CYMA line 

Line connecting talonavicular joint and 
calcaneocuboid joint is smooth and continuous. 



Broken Cyma line of  pes planus 
Show Cal shortening compare to Tal due to 

Rotation(flat foot) or real shortening 



Normal AP cyma line 
Broken CYMAline   



Normal Talar declination angle=21 



Lisfranc joints 







�  Obl view: Lateral margin of  
the 5th metatarsal can 
project lateral to cuboid by 
up to 3mm on oblique 



Hallux valgus  



Normal First metatarsophalangeal angle is < 15° 
 



The 1st - 2nd intermetatarsal angle should be < 9° 



Hallux valgus and bunion  
�  Metatarsus primus 

varus =Medial 
deviation of  the first 
metatarsal  

�  Bone proliferation at 
the median eminence 
(bunion deformity, 
long arrow) 

�  Lateral subluxation of  
the sesamoid bones 
(arrowheads).  

�  Bunionette (short 
arrow at the lateral 
aspect of  5th metatarsi   

�  Abnormal widening of  
the angle 1-2th 
metatarsi >12 



Bohler’s angle,Nl=20-40  



Decreased Bohler angle <20 in Fx 
Usu in axial loads 



Basilar invagination (impression) on Sag 

�  Tip of  the odontoid 
process projects 
above the foramen 
magnum.  

�  McRae line (red 
line) - tip of  
odontoid process 
normally projects 
below this line 

�  Chamberlain 
line (green line) - 
tip of  odontoid 
process projects 
normally not > 3 
mm above this line. 

 



Platybasia (skull base flattening)>143 

�  Causes: Osteomalacia, 
paget, OI 

�  line joining the nasion 
with the center of  the 
pituitary fossa and a 
line joining the anterior 
border of  the foramen 
magnum with the center 
of  the pituitary fossa.  

�  Normal 125°–143°, 
Platybasia >143°, Basilar 
kyphosis <125°) 

 



>5mm= ectopia 
�  Drawing a line from 

the ophisthion (O) to 
the basion (B),  

�  Measuring the 
distance from that 
line to the inferior 
most margin of  the 
cerebellar tonsils.  

�  This patient has 
cerebellar tonsillar 
ectopia of  1 cm, 
consistent with Chiari 
I malformation.  

�  6mm is normal in 
children 



Correct positioning  
�  The tibial tunnel should 

lie posterior to the line 
drawn parallel to the 
intercondylar notch (red)  
TooDeep=instability ,too 
Horizental =roof 
impingement&rupture 

�   Femoral attachment =at 
the intersection of the 
physeal scar and 
posterior intercondylar 
roof pos to a line drawn 
parallel to the cortex of 
the distal femoral 
diaphysis (blue) 

�  Anteriorly located 
=elongate the graft and 
cause instability   



Good Tib Tunnel position 

�  Sag T2 



�  Sag T1:tibial tunnel 
too ant 

�  The ACL graft 
(arrow) is 
abnormally lax 
+increased sig 
=impingement,  



�  Sag T2: The femoral 
tunnel is normally 
positioned at the 
junction of  the 
physeal scar and 
posterior 
intercondylar roof  
(asterisk) 



�  Sag T2: abnormal ant 
placement of the 
femoral tunnel 
(asterisk) 

�   Increased sig in 
graft(arrow)=degener
ation and stretching.

  



Hip 



The technique for assessing the tilt and rotation of  an anteroposterior 
pelvic radiograph is described.  



�  Joint spaces 

�  the SIJ spaces 
=2-4mm 

�  Symphysis pubis 
joint space ≤ 
5mm 



Symphysis Instability 

�  Symphysis >7mm 

�  Craniocaudal inf  
pubic discrepancy 
>2mm.  



Acetabular Depth: Coxa profunda  

�  Acetabuli fossa 
medial to the 
ilioischial line 

�  Asymptomatic or 
PINCER 
impingement 



Protrusio acetabuli  

�  Medial aspect of  
the femoral head 
is medial to the 
ilioischial line 

�  Marfan,RA ,Paget,
OA,… 

�  Asymptomatic or 
limitation of  ROM 



Acetabular angle(inclination) in children  

�  Triradiate 
cartilages 
(Hilgenreiner_ 

�  Acetabular roofs.   

�  Normal values in 
children:<28 at 
birth.  

�  Become 
progressively 
shallower(increase 
angle) with age. 



Acetabular angle in adults  

�  Inferior margin of  
the pelvic tear drop 

�  Acetabular roof  

�  Normal values in 
adults: 33 to 38 
degrees.  

�  >47 =acetabular 
dysplasia  

�  39 and 46 degrees 
is indeterminate. 

�  <33 : over coverage  



Alpha angle : NL=55 degree  
in CAM 



Acetabur Coverage (normal range 25 - 39 degrees),  
in PINCER 



Acetabular normal anteversion: 10-20 



Acetabular retroversion (crossover or figure-of-
eight sign). 





Femoral head-ilioischial line distance<10mm 



Congruency 



Mildly incongruent  



Incongruent joint.  



Head Sphericity :femoral epiphysis extends beyond the margin 
of  a reference circle >2 mm=aspherical.  



Mild and sever reduction of  head neck ofset 



Calculating the alpha angle on a frog-leg 
lateral radiograph, NL<55 



Ischiofemoral impingement(IFI). 

�  The ischiofemoral 
space (red line) 
N>20mm 

�  The quadratus 
femoris space (white 
line) N>10mm  



DDH>6mo 
Hilgenreiner line(purple, triradiate cartilage) 

Perkin line(lat acetabular roof,epiphysis in inf-med quadrant) 
Acetabular angle(30 birth, then increase) 

Shenton line 





Calculating the head-neck offset ratio on cross 
table lat view, NL>0.17  

�  Three parallel lines are 
drawn, with 

�   line 1 drawn through the 
center of  the long axis of  
the femoral neck,  

�  line 2 drawn through the 
anteriormost aspect of  
the femoral neck, and 

�   line 3 drawn through the 
anteriormost aspect of  
the femoral head.  

�  The head-neck offset ratio 
is calculated by 
measuring the distance 
between lines 2 and 3 and 
dividing by the diameter 
of  the femoral head. 

�   If  the ratio is <0.17, a 
cam deformity is likely 
present.  




