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Anatomie – und was sehen wir davon im MRT? 

Graphik aus Stoller MRI in Orthopedics
Prometheus Lernatlas der Anatomie, Schulte, Schünke, Schumacher 
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Anatomie – und was sehen wir davon im MRT? 
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MRT-was ist state of the art? 

  Feldstärke: 1 – 1,5 – 3 Tesla? 
  Analoge vs. digitale 

Signalverarbeitung 
  Spulentechnik 
  Mehrkanaltechnik (4, 8, 16, 32) 
  3D – isotrope Voxel 
  3 Ebenen PDFS, 1 Ebene T1 
  Qualitätskriterien der BÄK 

  3mm SD 
  FOV < 25 cm 
  Matrix 512 x 512 
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Zusatzsequenzen: Kreuzbandsequenz 

Parasag oder paracor 
angulierte 
Zusatzsequenzen 

Signifikante Zusatzinformation 
zu orthogonalen Sequenzen 
(p<0,05) 

Erhöhen Sens. auf >95% und 
Spez. auf >75% 

Kwon, Clin Radiol. 2009
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Wie sieht ein unauffälliges Kreuzband aus? 

  Kontinuierlich 
abgrenzbar 

  Signalfrei 
  Scharf konturiert 
  Parallele Faserstruktur, 

ggf. 
Doppelbündelstruktur 

  Tibianahe Auffächerung 
  Spitzer Winkel (9°) zur 

Blumensaat‘schen Linie 
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Robertson et al., Radiology, 1994 
Strobel et al Radiologie up2date 2003 
Barry Skeletal Radiology 1996 
Brandser AJR 1996 
Mansour 2006

  Diskontinuität ggf. auch 
nur einzelner Fasern 

  Signalanhebung und 
Auftreibung 

  Wellige Kontur 
  Fehlende Abgrenzbarkeit 

(alt) 
  Spitzer Winkel (9°) zur 

Blumensaat‘schen Linie 
  Knochenkontusion 
  Vordere Schublade, 

vermehrte Angulation HKB 

Direkte und indirekte Zeichen der VKB Ruptur 
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Direkte und indirekte Zeichen der VKB Ruptur 

  Diskontinuität ggf. auch 
nur einzelner Fasern 

  Signalanhebung und 
Auftreibung 

  Wellige Kontur 
  Spitzer Winkel (9°) zur 

Blumensaat‘schen Linie 
  Knochenkontusion 
  Fehlende Abgrenzbarkeit 

(alt) 
  Vordere Schublade, 

vermehrte Angulation HKB 
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Direkte und indirekte Zeichen der VKB Ruptur 
- Knochenkontusion 

MOHANA-BORGES ET AL, Glaser et al... 
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VKB: Komplett- vs. Partialruptur 

Verletzungs-
mechanismus

Subjektive
Beschwerden

Klinische
Tests 

MRT

Partial-
ruptur

Non-contact
Außenrot. Femur
gegenüber Tibia 
Valgustrauma
In Flexion: 
anteromediales
Bündel
In Extension: 
posterolaterales
Bündel

Ggf. Rißgeräusch
Ggf. Instabilitäts-
gefühl

Rolimeter
Seitendifferenz 
Pivot shift
negativ

Direkte Zeichen nur in einzelnen 
Fasern oder einem Bündel 
Fokale Signalanhebung bei 
erhaltener Orientierung und 
Kontinuität einzelner Fasern 
*Sens.: 55% 
Spez.: 75% 

Komplett-
ruptur

Anprall, Kontakt,
Innenrotation,
Valgus

Rißgeräusch
Instabilitätsgefühl
Streckhemmung

Rolimeter
Seitendifferenz 
Pivot shift pos. 
(unter
Anästhesie)

Direkte Zeichen. 
Diagnost. Sicherheit wird durch 
indirekte Zeichen nicht erhöht. 
Kontusion
Sens. 92-100% 
Spez.: 85-100% 

De Franco et al. J Bone Joint Surg 2009 Review 
*Umans AJR 1995



Arthroskopie-Symposium Köln 

29. Juni 2013 

VKB-Partialruptur / mukoide Degeneration 
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Figure 1. Diagram of functional anatomy of the knee joint, grouped by anterior, medial, posteromedial,
posterior, posterolateral, lateral, and central supporting structures.

Table 1
Forces Responsible for Knee Injuries and Supporting Structures Responsible for Primary and
Secondary Resistance to Those Forces

Primary Secondary
Force Resistance Resistance

Anterior translation (displaces tibia anteriorly) ACL MCL, LCL
Posterior translation (displaces tibia posteriorly) PCL None
Varus (medial to lateral) LCL ACL, PCL
Valgus (lateral to medial) MCL ACL, PCL
Internal rotation (femur fixed) LCL ACL, capsule
External rotation (femur fixed) MCL PCL, capsule
Hyperextension PCL ACL, posterior capsule

Impaction versus
Avulsion Injury Patterns

In general, forces acting on the knee produce an
impaction injury at the entry site of the force and
a distraction injury, or avulsion, at the opposite, or
exit, site of the force. Figure 2 demonstrates a

valgus force that produces impaction of the lat-
eral compartment and distraction of the opposite
medial compartment. Both types of injuries pro-
duce bone marrow edema or frank fractures.

Hayes RadioGraphics 2000 

 
Begleitverletzungen: Zurück zur Anatomie 
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572 AJR:197, September 2011

MacMahon and Palmer

underlying the subchondral cortex. What do 
the findings in this case convey about the 
traumatic mechanism? The location of the 
impaction injury indicates the combination 
of valgus force and lateral axial load. This 
knowledge prompts a search for associated 
distraction injury in the medial compart-
ment. Specifically, attention should be di-
rected to the deep and superficial fibers of 
the MCL (thin arrow, Fig. 1A). In this case, 
the MCL complex is unremarkable. If the 
traumatic mechanism includes knee rotation 
(twisting), then the medial meniscus or an-
terior cruciate ligament might be torn, but 

those structures remain intact. Finally, giv-
en the compressive load, the lateral compart-
ment should be inspected for possible crush 
injury to the lateral meniscus (especially 
radial tear) and articular cartilage. Both of 
these structures appear normal.

Case 2
Case 2 presents a 29-year-old man with se-

vere right knee pain after a windsurfing acci-
dent (Fig. 4). The MR images show osseous 
abnormalities in both the medial and lateral 
compartments. At the medial tibial rim, the 
fracture line (arrow, Fig. 4A) involves artic-

ular cartilage and subchondral bone. On this 
T2-weighted coronal image, the fracture frag-
ment is mildly depressed with marrow edema 
that extends into the tibial metaphysis. This 
impaction injury is best explained by varus 
force combined with compressive load and 
may be associated with distraction injury in 
the lateral compartment; however, the iliotib-
ial tract remains intact. More posteriorly, the 
ACL (chevron, Fig. 4B) shows increased sig-
nal and indistinct contour suggesting rupture, 
a diagnosis that was confirmed on sagittal im-
ages (not shown). Taken together with medial 
rim impaction fracture (arrow, Fig. 4B), the 

A

C

Fig. 5—Graphic representation of 4 of 12 possible motions about knee. See also video Figures S5E and S5F in the AJR electronic supplement to this article, available at 
www.ajronline.org.
A–D, Images show external rotation of tibia in coronal plane (i.e., valgus or abduction rotation) (A), internal rotation in coronal plane (i.e., varus or adduction rotation) (B), 
external rotation of tibia in axial plane (C), and internal rotation of tibia in axial plane (D). Arrows indicate motion direction. 

B

D
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Mc Mahon et al AJR 2009 

Verletzungsmechanismus 

AJR:197, September 2011 573

MRI of Acute Knee Injuries

ACL rupture increases the likelihood of lat-
eral distraction injury. At the lateral capsular 
attachment site (arrowhead, Fig. 4B), there is 
cortical discontinuity and adjacent soft-tis-
sue hemorrhage. No bone marrow edema is 
present. On the coronal T1-weighted image, 
a small sliver of trabecular marrow fat (ar-
rowhead, Fig. 4C) confirms the diagnosis of 
Segond fracture fragment that is displaced 
slightly from its donor site at the lateral tibi-
al rim. The presence of marrow edema at the 
medial impaction fracture (arrow, Fig. 4C) 
contrasts with the lack of marrow edema at 
the lateral avulsion fracture (arrowhead, Fig. 
4C). The anteroposterior radiograph of the 
knee shows the depressed medial rim fracture 
(arrow, Fig. 4D) and the distracted lateral rim 
fracture (arrowhead, Fig. 4D).

This case illustrates several points. On MR 
images, Segond fracture fragments are eas-
ily overlooked because of the small size and 
lack of sentinel marrow edema [11, 18, 24]. In 
the absence of trabecular fat, cortically based 
fragments are often too subtle to detect on the 
basis of imaging findings alone. It is neces-
sary to have an increased level of suspicion 
because of ACL tear and appropriate trau-
matic mechanism [25]. The capsuloligamen-
tous structure that causes the Segond fracture 
probably has contributing fibers from the il-
iotibial tract as well as the anterior oblique 
band. The anterior oblique band is a capsu-
lar thickening that courses anteroinferiorly 
from the fibular collateral ligament, merg-

es with posterior fibers of the iliotibial tract, 
and inserts along the rim of the lateral tibial 
plateau [26, 27]. These stabilizing structures 
transmit maximum tensile load to their osse-
ous attachment site during varus stress and 
internal rotation of the tibia [28]. Although 
Segond fractures are always associated with 
ACL tears, they rarely occur because most 
ACL tears result from valgus stress [29]. For 
Segond fracture to occur, the traumatic mech-
anism causing an ACL tear must include var-
us stress during internal rotation [30–32].

Case 3
Case 3 presents an 18-year-old male week-

end ski instructor who fell and heard a pop in 
his left knee (Fig. 2). This case shows typ-
ical MR findings in the O’Donoghue triad. 
As usual, a good starting point is the loca-
tion of bone marrow edema. On sagittal T2-
weighted fat-suppressed images, marrow 
edema involves the lateral femoral condyle 
anteriorly (long arrow, Fig. 2A) and the tib-
ial plateau posteriorly (arrowhead, Fig. 2A). 
In the adult, this edema pattern (so-called 
pivot-shift pattern in which pivot refers to 
valgus stress and shift refers to anterior tib-
ial translation) is pathognomonic for ACL 
rupture because the degree of anterior tibi-
al translocation required to produce kissing 
contusions in those locations is too great for 
the ACL to remain intact. Not surprisingly, 
ACL rupture is confirmed on a sagittal pro-
ton density image (chevron, Fig. 2B). Impac-
tion injury in the lateral compartment indi-
cates axial load and valgus stress that put the 
medial compartment at risk of distraction in-
jury. In this case, the superficial MCL (tibial 
collateral ligament) shows a high-grade tear 
(arrow, Fig. 2C). The meniscotibial fibers of 
the MCL remain intact, whereas the menis-
cofemoral fibers are ruptured with associat-
ed bone marrow edema (asterisk, Fig. 2C) in-
volving the femur at the site of ligamentous 
attachment, presumably reflecting reactive 
change [10, 11]. Combination injury involv-
ing the ACL and MCL strongly correlates 
with medial or lateral meniscal injury. A di-
rected search reveals peripheral longitudinal 
tear of the medial meniscus (arrow, Fig. 2D) 
in addition to lateral meniscocapsular inju-
ry (short arrow, Fig. 2A). Popliteomeniscal 
fascicle tear is easily missed without a tar-
geted inspection of the posterolateral corner 
of the knee.

The O’Donoghue triad (also called the un-
happy medial triad) was described in 1964 
as the combination of ACL, MCL, and me-

dial meniscal tears [19]. With improvements 
in arthroscopy and MRI, subsequent publica-
tions have emphasized that lateral meniscal 
tears are just as common, if not more com-
mon, than medial meniscal tears in combined 
ACL-MCL injury [33, 34]. In case 3, both the 
medial and lateral menisci are torn (unhappy 
tetrad) [18]. The orientation (peripheral, ver-
tical, and longitudinal) of the medial menis-
cal tear is typical after sports-related trauma. 
The posteromedial location is also typical 
because of the confluence of structures (pos-
terior oblique ligament, oblique popliteal 
ligament, and fibers of the semimembrano-
sus tendon) that reinforce the posteromedial 
joint capsule [35, 36]. With valgus stress and 
knee rotation, capsular tension is transmitted 
to the meniscocapsular junction (Figs. S5E, 
S5F, S7A, and S7B), creating traction on and 
avulsing the periphery of the meniscus. Tib-
ial translocation also creates tension in the 
popliteomeniscal fibers that stabilize the pos-
terior horn of the lateral meniscus. A targeted 
search at the posteromedial and posterolater-
al corners may help identify meniscocapsular 

Fig. 6—Left knee MRI in 23-year-old woman who 
twisted her knee while performing martial arts warm-
up exercises. Axial T2-weighted fat-suppressed 
image shows marrow edema involving medial patella 
(arrowhead) and lateral femoral condyle (arrow). In 
addition, there is edema in relation to medial patellar 
retinaculum (chevron). This pattern of imaging 
findings strongly suggests lateral patellar dislocation. 

Fig. 7—Diagram shows relative positions of 
femur and tibia at time of impaction during classic 
noncontact anterior cruciate ligament injury. There 
is valgus rotation at knee creating tensile stress in 
medial ligaments (double-headed arrow) with anterior 
translation of tibia and external rotation of femur 
(relative internal rotation of tibia). Femur impacts 
against posterior tibial plateau (arrow), which can 
cause osteochondral lesion of lateral femoral condyle 
(deep femoral notch). Curved arrow indicates 
direction of motion. See also video Figures S7A and 
S7B in the AJR electronic supplement to this article, 
available at www.ajronline.org. 

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jro
nl

in
e.

or
g 

by
 8

0.
15

2.
16

2.
19

2 
on

 0
5/

21
/1

3 
fr

om
 IP

 a
dd

re
ss

 8
0.

15
2.

16
2.

19
2.

 C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

rig
ht

s r
es

er
ve

d 



Arthroskopie-Symposium Köln 

29. Juni 2013 

RG � Volume 20 • Special Issue Hayes et al S125

Figure 3. Diagram illustrates the direction of injury-producing forces acting on the knee.

uncommon. Common reasons for classification
system failure included the presence of insuffi-
cient injury, massive injury, or bone marrow ede-
ma due to preexisting osteoarthritis.

Examples of the injury categories are pre-
sented in Figures 4–13, with details for each pat-
tern in Table 2.

a. b. c.
Figure 4. Pure hyperextension injury. (a) Axial fast spin-echo (SE), proton-density–weighted, fat-suppressed MR im-
age (repetition time msec/echo time msec = 4,000/15, echo train length of eight) shows impaction type anterior tibial
bone bruise ( ) and popliteus muscle injury with edema (arrows). (b, c) Sagittal SE proton-density–weighted MR im-
ages (1,000/12) show a posterior cruciate ligament (PCL) tear (arrow in b) and posterior capsule disruption (arrow in c).

Hayes RadioGraphics 2000 
Paxton et al.,  J Bone Joint Surg Am 2010 

 
Verletzungsmechanismus Begleitverletzungen 

  Prospektive Studie: 
5000 VKB-
Rekonstruktionen in 
den USA 

  Meniskus insgesamt: 
62% 

  Davon IM 41,5% 
  AM 33,6% 
  IM und AM 25% 

  Knorpelschaden 20,8% 
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Begleitverletzungen  
O‘Donoghue unhappy triad  

  O‘Donoghue 1950/1964: 
Inzidenz 25% der 
Knietraumata 

  Shelbourne: in 80% der AM 
betroffen, NIE isoliert der IM 

  Bellarba: 
  Akute VKB Läsion: 

44% IM, 56% AM 
  Chronische VKB 

Läsion: 70% IM, 30% 
AM 

Shelbourne K, Nitz P (1991).. Am J Sports Med 19 (5): 474–7 
Barber, FA (1992): Arthroscopy 8 (1): 19–22 
Bellabarba C, Bush-Joseph CA, Bach BR (January 1997). Am J. Orthop. 26 (1): 18–23. 
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Begleitverletzungen  
O‘Donoghue unhappy triad  

D. H. O'Donoghue: J Bone Joint Surg 32A, 1950, S. 721–738. 
D. H. O'Donoghue: The unhappy triad: ethiolgy, diagnosis and treatment. 
In: Am J Orthop 6, 1964, S. 242–247. 
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VKB Ruptur wurzelnahe IM Ruptur 
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AMVH Radiärruptur 
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VKB Ruptur Segond Fraktur 

  Paul Ferdinand Segond 1836 
(Kadaverstudien) 

  Erste Röntgenbeschreibung Milch 
1936 

  Tibialseitige Ausrißfrakturen/
Avulsionen  

  Posterolaterale Kapsel 
laterales kapsuläres Ligament 
(Segond i.e.S.) 

  Tractus iliotibialis  
Tuberculum Gerdii 

  Laterales Kollateralband 
Fibulaspitze 

  70% prädiktiv einer VKB Ruptur 

Goldman et al AJR 151:1163-1167, December 1988 
Strobel et al Radiologie up2date 2003

– das iliotibiale Band,

– das Lig. arcuatum,

– der M. popliteus und dessen Sehne mit dem

popliteofibularen Band und den popliteomenis-

kalen Faszikeln,

– die Sehne des M. biceps femoris,

– das laterale Kollateralband,

– die laterale Gastrocnemiussehne [12].

Das Lig. arcuatum verl�uft vom lateralen Femur-

kondylus entlang der lateralen Gelenkkapsel zum

Fibulak�pfchen. Der M. popliteus nimmt seinen

Ursprung medial an der Tibiar�ckfl�che. Seine

Sehne inseriert in einem Sulcus an der lateralen

Fl�che des Femurkondylus. Die Popliteussehne ist

durch die popliteomeniskalen Faszikel mit dem

Hinterhorn des lateralen Meniskus verbunden.

Das popliteofibulare Band ist ein wichtiger Stabili-

sator des posterolateralen Dreiecks und verl�uft

vom Fibulak�pfchen zur Popliteussehne [20].

Verletzungen

Posterolaterale Strukturen. Verletzungen dieser

Strukturen k�nnen in der MRT wegen Begleitblu-

tung und –�dem am leichtesten im akuten Stadi-

um diagnostiziert werden. Als indirektes Zeichen

einer akuten posterolateralen Verletzung kann

eine Knochenmarkkontusion am anterioren

medialen Femurkondylus, gelegentlich auch an

der anterioren Tibia beobachtet werden. Im chro-

nischen Stadium ist die Diagnostik schwieriger.

Gewinkelt koronare T2w Sequenzen, die auf einer

sagittalen Planungssequenz parallel zur Popliteus-

sehne ausgerichtet werden, k�nnen die Darstel-

lung der posterolateralen Strukturen verbessern.

Diese Zusatzsequenz hat sich jedoch in der Praxis

nicht breit durchgesetzt.

Bizepssehne und laterales Seitenband. Wegen

des umgebenden Fettgewebes ist die Diagnostik

an der Bizepssehne und am lateralen Seitenband

einfacher. Die Sehne des M. biceps femoris inse-

riert dorsolateral am Fibulak�pfchen. Sowohl

Avulsionsverletzungen als auch Rupturen am mus-

kulotendin�sen Uebergang werden beobachtet.

Eine Avulsionsverletzung des Ansatzes des latera-

len Kollateralbandes und der Bizepssehne kann

sich indirekt durch ein Knochenmark�dem am

Fibulak�pfchen �ußern. In manchen F�llen ist

auch in der MRT ein kleines Knochenfragment

oder eine Frakturlinie erkennbar („arcuate sign“)

[14].

Laterale Gelenkkapsel. Die laterale Gelenkkapsel

wird durch das sog. Kapselband verst�rkt. Eine

Avulsionsverletzung des mittleren Drittels dieses

Bandes an seinem tibialen Ansatz wird als Segond-

Fraktur (Abb. 13) bezeichnet. Diese Verletzung

kann h�ufig schon auf konventionellen �ber-

Abb.13 Segond-Frak-

tur in koronarer Dar-

stellung. Oss�rer Aus-

riss der lateralen Kap-

sel aus dem lateralen

Tibiaplateau (lange

Pfeile). �dem in den

lateralen Weichteilen

(kurze Pfeile). a STIR-

Sequenz. b Protonen-

gewichtete Sequenz.

Abb. 12 Anatomie

der posterolateralen

Kniegelenkstrukturen

(Schema).

1 = Ansatz des Tractus

iliotibialis

2 = laterales Kollate-

ralband

3 = fabello-fibulares

Band

4 = Popliteussehne

5 = Bicepssehnenan-

satz

6 = popliteo-fibulares

Band

238 Radiologie up2date 3 Œ2003

MRT des Kniegelenkes
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Begleitverletzung – posterolateraler Komplex 
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Begleitverletzung und Folgeschaden 

  VKB Ruptur 
  IMHH Radiär- 

ruptur mit 
Dislokation 

  Osteonekrose mit 
subchondraler 
Insuffizienzfraktur 

  4 Wochen nach 
Verdrehtrauma! 
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Zusammenfassung 

  MRT technisch ausgereift, 
verläßlich und verfügbar 

  Technische Verbesserungen 
noch in der Pipeline 

  Direkte und indirekte Zeichen 
der VKB Ruptur 

  Unterschiede Partial- vs. 
Komplettruptur 

  Häufige Begleitverletzungen 
(Menisci, posterolateraler 
Komplex) und Folgeschäden 
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Das Team der  
Praxis im KölnTriangle 


