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Lateral ankle ligaments and tibiofibular 
syndesmosis 
13-MHZ high-frequency sonography and MRI compared in 20 patients 

Petra Milz’, Stefan Milz2, Marc Steinbornl, Thomas Mittlmeie6, Reinhard Putz2 and 
Maximilian Reiser’ 

To test the ability of ultra-high-frequency ultrasound 
(1 3 MHz scanner) to distinguish between intact and 
ruptured ligaments on the lateral side of the ankle, 
we examined 20 patients with an acute inversion in- 
jury with MRI and ultrasound. When judged by the 
MRI diagnosis, an injured anterior talofibular liga- 
ment was correctly diagnosed by ultrasound in 13 of 
14 and an intact anterior talofibular ligament in 5 of 6 

patients. In the case of the calcaneofibular ligament, 
4 ruptured and 16 intact ligaments were diagnosed 
equally well with both methods. The injured anterior 
tibiofibular ligament was correctly diagnosed by ul- 
trasound in 6 of 9 patients, while the intact ligament 
was correctly recognized in 10 of 1 1 patients. 

Our findings indicate that it is possible to distin- 
guish injured from intact ligaments sonographically. 

’ lnstitut fur Radiologische Diagnostik, Marchioninistr. 15, D-81366 Munchen, Germany. Tel+49 89 7095-3620. Fax -8832; 
*Anatomische Anstalt Lehrstuhl I, Pettenkoferstr. 11, D-80336 MOnchen, Germany, 3Virchow Klinikum der Humbold 
Univenitat, Unfall- und Wiedetberstellungschirurgie, Augustenburger Platz 1, D-13353 Berlin, Germany 
Submitted 97-03-1 5. Accepted 97-09-1 3 

Although ultrasound is now routinely used to evaluate 
disorders of the musculoskeletal system, it is not yet 
possible to visualize the fibular collateral ligaments or 
the anterior tibiofibular ligament directly with scan- 
ners of 7.5 MHz. Earlier ultrasonic investigations de- 
scribed parts of the lateral collateral ligament indi- 
rectly (Glaser et al. 1989, Ernst et al. 1990, 
Schnarkowski et al. 1992). Different ways of measur- 
ing the instability with ultrasound rather than radio- 
graphically have been developed (Schricker et al. 
1987, Emst et al. 1989,1990, Glaser et al. 1989, Ke- 
men et al. 1991, Hoffmann et al. 1993). As with the 
stress radiographs, active muscular resistance and a 
reflex increase in muscle tone due to pain can produce 
a false negative result and the position of the trans- 
ducer during the stress manipulation is a further 
source of uncertainty. 

Recent advances in ultrasonic equipment have re- 
sulted in the development of ultra-high-resolution 
scanners offering a frequency spectrum above 7.5 
MHz. In an earlier investigation, we have shown that 
one can directly visualize the lateral collateral liga- 
ments of the ankle joint, including the anterior ti- 
biofibular ligament, in dissecting-room specimens 
(Milz et al. 1996a,b). 

In this study, we tested the ability of 13 MHz high- 
frequency ultrasound to distinguish between intact 
and ruptured ankle ligaments, even when surrounded 

by blood and edema. This was achieved by comparing 
the ultrasonic findings with those obtained by MRI. 

Patients and methods 
High-frequency ultrasound and MRI were performed 
in 20 patients with clinically suspected rupture of the 
lateral ankle ligaments, following an acute inversion 
injury. The ultrasound investigation was performed 
with a commercially available ultrasound unit AU 
530 (Esaote Biomedica, Italy), using a mechanical 
13-MHz sector scanner (SMA 32, Esaote Biomedica). 
According to the manufacturer, the 13-MHz scanner 
offers a 0.118 mm axial and 0.15 mm lateral resolu- 
tion. A stand-off pad was not necessary, because the 
variable focus-depth was easily adapted to the thick- 
ness of the soft tissue overlying the bone. 

During the sonographic examination, the patient 
lay on the side of the unaffected leg with the knee 
joint flexed to 90°, while the affected leg was only 
slightly flexed. A supporting roll was put under the 
ankle joint of the affected leg and the joint itself was 
placed in moderate inversion and plantar flexion to 
achieve a comfortable position for the patient. In this 
position, the talofibular and calcaneofibular liga- 
ments are slightly stretched, so that the intact liga- 
ments are more easily depicted as full-length parallel- 
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Figure 1. Sonographic appear- 
ance and schematic drawing of 
an intact anterior talofibular liga- 
ment. The talar insertion ap- 
pears less echoic because the 
direction of the ultrasound beam 
is not orthogonal to this part of 
the ligament. 

Figure 2. Ruptured anterior 
talofibular ligament and sche- 
matic drawing. The dehiscence 
at the ends of the torn ligament 
is clearly seen with fibers float- 
ing in the anechoic hematoma. 
H hematoma, L parts of the torn 
ligament. 

layered echogenic structures (longitudinal scans in 
the direction of each ligament), with the bony inser- 
tions as reference structures (Figure 1). In the case of 
a ruptured ligament, the site of the lesion is seen more 
clearly in this position, because the tom ends are sep- 
arated from each other. This position also offers good 
skin contact for the scanner membrane and diminish- 
es disturbing artefacts. 

A rupture was diagnosed sonographically if a dehis- 
cence of the ligamentous ends or interruption of the par- 
allel fibers in combination with a hypoechogenic zone 
(edema, hematoma) could be visualized (Figure 2). If 
some straight, parallel fibers could still be seen, a diag- 
nosis of incomplete rupture was made. 

The MRI was performed with a 0.2 Tesla unit (Ar- 
toscan, Esaote Biomedica, Italy). T1 -weighted spin- 
echo sequences (TR 580 ms, TE 24 ms) and T2- 
weighted spin-echo sequences (TR 3000 ms, TE 80 
ms) were obtained in different oblique axial imaging 
planes. A 192 x 160 matrix was used with a 160 mm x 
160 mm field of view. The slice thickness was 4 mm. 
A fixed extremity coil was employed. 

The anterior talofibular ligament was visualized in 
15" ventrally tilted imaging planes, the anterior ti- 

Ligament 

biofibular and the calcaneofibular ligaments with a 
dorsal tilt of lo", while the foot was always fixed in 
plantarflexion at about 1&20" according to the layout 
of the equipment. These values of the oblique imag- 
ing planes had been found to be the most suitable in 
healthy volunteers before the clinical investigation 
was begun (Steinbom et al. 1995). 

Using MRI, the diagnosis of a complete rupture of 
a ligament was made, if a dislocation of the ends of 
the ligamentous fragments without any unruptured fi- 
bers could be seen. A rupture was also diagnosed if a 
hematoma or effusion in the joint space was seen, but 
no ligamentous structure could be detected. An in- 
complete rupture was assumed if thickening and sig- 
nal increase in the ligament were found. 

Results 

When judged in terms of the MRI diagnosis, an in- 
jured anterior talofibular ligament (Figure 2) was cor- 
rectly diagnosed by ultrasound in 13 of 14 cases (sen- 
sitivity 92%, specificity 83%, positive predictive val- 
ue 93%, negative predictive value 82%; Table). In 1 

Comparison of the results between MRI and 13-MHz sonography 

Anterior tibtofibular (n 20) Anterior talofibular (n 20) Calcaneofibular ligament (n 20) 

intact ruptured intact ruptured intact ruptured 

MRI 11 9 6 14 16 4 
Sonography correct 10 6 5 13 16 4 
SonooraDhv incorrect 1 3 1 1 0 0 
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Figure 3. Rupture of the calca- 
neofibular ligament and sche- 
matic drawing. The peroneal 
tendons appear as oval, hypo- 
echoic structures next to the he- 
matoma. The calcaneal part of 
the ligament is represented by 
parallel hyperechoic layers. 
H hematoma, L calcaneal part of 
the injured ligament. 

Figure 4. Ruptured anterior ti- 
biofibular ligament and sche- 
matic drawing.The hypoechoic 
zone starts next to the ventral 
border of the ligament and 
crosses the ligament itself, in- 
volving the dorsal connective 
tissue between fibula and tibia. 
L parts of the torn ligament, B 
hypoechoic discontinuation of 
the ligament. 

case, the ligament showed an incomplete rupture 
sonographically, which could not be seen with MRI. 
In 5 cases, the anterior talofibular ligament appeared 
to be intact with both methods (Figure 1). 

In all of the 4 cases where MRI showed an injured 
calcaneofibular ligament, sonography identified the 
rupture correctly (Figure 3). In the remaining cases, 
an intact ligament could be demonstrated by both 
methods. 

The anterior tibiofibular ligament was injured in 9 
patients according to MRI, and correctly diagnosed 
by ultrasound in 6 cases (Figure 41, whereas in the re- 
maining 3 cases ultrasound revealed no injury (sensi- 
tivity 66%, specificity 91 %, positive predictive value 
86%, negative predictive value 77%). In 1 case, the 
ultrasound showed an incomplete rupture which 
could not be confirmed by MRI. In 10 cases with no 
injury to the ligament, the findings of the 2 methods 
were identical. 

Discussion 

In previous investigations of the ankle joint, the later- 
al collateral ligaments and the anterior tibiofibular 
ligament could not be visualized directly with suffi- 
cient clarity by 7.5 MHz ultrasound-probes (Friedrich 
et al. 1990,1993, Striepling et al. 1991). This is attrib- 
utable to an inadequate axial resolution of about 0.4 
mm in relation to the 1 or 2 mm thickness of the liga- 
ment. With recent progress in equipment technology, 
however, a much higher axial resolution of 0.12 mm 
is obtained by 13-MHz scanners, which now makes it 
possible to analyze the structure of small musculo- 

skeletal elements (Milz et al. 1996a,b). On the other 
hand, the higher ultrasound frequencies are always 
associated with a decrease in the depth of penetration. 
This is probably the reason why in our previous ana- 
tomical investigation the dorsal ligaments (posterior 
talofibular and posterior tibiofibular ligament) could 
not be demonstrated since the soft tissue covering is 
significantly thicker in this region than that overlying 
the anterolateral ligaments (Milz et al. 1996a,b). 
Therefore, we did not examine the posterior liga- 
ments in this investigation. 

Since closed treatment is appropriate for most acute 
ankle injuries, we could not confirm the sonographic 
findings surgically. We therefore had to rely on MRI 
as regards the status of the ligaments. Since only a 
few studies have surgically confirmed the MRI find- 
ings, these must also be regarded as tentative. Never- 
theless, MRI visualization of the ligaments around the 
ankle is comparable to that of the injured ligaments in 
the knee, which has been surgically confirmed (Lee et 
al. 1988, Grover et al. 1990). Hence, it seems reason- 
able to use MRI as a diagnostic standard for compari- 
son with sonography. 

To evaluate the integrity of ligaments accurately, 
the MR imaging plane has to be parallel to them. In 
this way, each ligament is visualized throughout its 
full extent from origin to insertion (Erickson et al. 
1991, Schneck et al. 1992a,b). Because of the fixed 
foot position necessitated by the technical equipment, 
the axial imaging planes are tilted according to the 
anatomical requirements of this position. The degree 
of tilting appropriate to clinical use was calculated 
from the data previously obtained from healthy vol- 
unteers (Steinborn et al. 1995). 
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Rather than following the advice given in the liter- 
ature, according to which the foot has first to be 
taped in maximum dorsal flexion and then in plantar 
extension, so that different axial and coronal sections 
can be scanned along the course of the ligaments, 
our way of placing the foot and then tilting the imag- 
ing plane instead is much less painful for the acutely 
injured patient. 

A previous investigation on healthy volunteers, in 
which the same low-field system used in the current 
study was compared to a 1.5 T high-field system, re- 
vealed that the intact ligaments can be visualized 
sufficiently clearly with both systems (Steinborn et 
al. 1995). 

Among the 60 ligaments we investigated, we found a 
disagreement between the ultrasonic diagnosis and 
MRI picture in only 6. In the 2 cases where a talofibular 
ligament was diagnosed as injured by only one of the 
two methods, a divided ligament with only one of its 
parts ruptured may have been the explanation. The con- 
fusion of accessory fibers with the ligament itself is an- 
other possible cause of diagnostic discrepancy. 

It should also be remembered that an increase in fluid 
in the ligament itself is more easily identified by MRI 
than by ultrasound. It is therefore quite. likely that minor 
injuries with a posttraumatic increase in the fluid inside 
the ligament will alter the MRI signal characteristics, 
although the ligament may still appear normal on sono- 
graphic examination. This could explain why the ti- 
biofibular ligament produced altered MRI signal char- 
acteristics in 9 cases, which were mostly interpreted as 
a partial rupture at the distal end of this broad structure, 
while 3 of these appeared ultrasonically normal. Such 
minor injuries might also be missed on ultrasonic ex- 
amination, because the ruptured ends of an anterior ti- 
biofibular ligament are much less likely to dislocate ob- 
viously than those of the talofibular or calcaneofibular 
ligaments. The anterior tibiofibular ligament is sur- 
rounded by dense fibrous connective tissue, which also 
fills the cleft between the leg bones in the deeper layers 
dorsal to the anterior tibiofibular ligament. For this rea- 
son, one should not expect obvious dehiscence of the 
ruptured ends of the anterior tibiofibular ligament, but 
rather more subtle sonographic changes. 

In the 6 tibiofibular ligaments which, according to 
MRI diagnosis, were correctly classified by ultra- 
sound as injured, we could, indeed, see an intermp- 
tion of the parallel-layered appearance by a small hy- 
poechoic zone. This started at the ventral border of 
the ligament or in the adjacent superficial soft tissue 
structures and ran through the ligament itself, fre- 
quently also involving the dorsal connective tissue 
between the fibula and tibia. This was probably 
caused by bleeding into the rupture, the cleft of which 

also involves the dorsal connective tissue. One false 
ultrasonic diagnosis of a partially ruptured tibiofibu- 
lar ligament was probably due to a diffraction artefact 
behind the anterior tibia1 artery, which, in many cases, 
crosses the tibiofibular ligament. This artefact might 
mimic a rupture, but can be recognized starting in a 
pulsating hypoechoic round structure. 

References 
Erickson S J, Smith J W, Ruiz M E, Fitzgerald S W, 

Kneeland J B, Johnson J E, Shereff M J, Carrera G F. MR 
imaging of the lateral collateral ligament of the ankle. 
AJR 1991; 156: 131-6. 

Emst R, Weber A, Kemen M. Sonographie in der Diagnostik 
der Auaenbandruptur am oberen Sprunggelenk. H Unfall- 
heilk 1989; 207: 418-30. 

Emst R, Grifka J, Gritzan R, Kemen M, Weber A. Sonogra- 
phische Kontrolle des AuSenbandapparates AuOenban- 
druptur am oberen Sprunggelenk bei der frischen Bandru- 
tur und chronischen Instabilitat. Z Orthop 1990 128: 525- 
30. 

Friedrich J M, Heuchemer T, Schumacher K A, Bargon G. 
Einsatz der Sonographie in der Diagnostik der frischen 
fibulotalaren Bandlasion. Fortschr Rontgenstr 1990 152: 

Friedrich J M, Schnarkowski P, Riibenacker S, Wallner B. 
Ultrasonography of capsular morphology in normal and 
traumatic ankle joints. J Clin Ultrasound 1993; 21: 179- 
87. 

Glaser F, Fried1 W, Welk E. Die Wertigkeit des Ultraschalls 
in der Diagnostik von Kapselbandverletzungen des ober- 
en Sprunggelenkes. Unfallchirurg 1989; 92: 540-6. 

Grover J S, Bassen L W, Gross M L, Seeger L L, Finerman G 
A M. Posterior cruciate ligament: MR imaging. Radiolo- 
gy 1990; 174: 527-30. 

Hoffmann R, Thermann H, Wippermann B W, Zwipp H, 
Tscheme H. Standardisierte sonographische Instabilitats- 
diagnostik nach Distorsionen des oberen Sprunggelenkes. 
Unfallchirurg 1993; 96: 645-50. 

Kemen M, Emst A, Bauer K H, Weber A, Zumptobel V. 
Sonographische versus radiologische Beurteilung der 
chronischen Auflenbandinstabilitat am oberen Sprungge- 
lenk. Unfallchirurg 1991; 9 4  614-8. 

Lee J K, Yao L, Phelps C T, Wirth C R, Czaiko J, Lozman J. 
Anterior cruciate ligament tears: MR imaging compared 
with arthroscopy and clinical tests. Radiology 1988; 166: 

Milz P, Milz S, Mittlmeier T, Putz R, Reiser M. 13-MHz 
Hochfrequenzsonographie der lateralen Spunggelenks- 
binder und der Bander der Syndesmosis tibiofibularis. 
Sportorthop Sporttraumat 1996a; 1 2  16-20. 

Milz P, Milz S, Putz R, Reiser M. 13-MHz high-frequency 
sonography of the lateral ankle joint ligaments and the ti- 
biofibular syndesmosis in anatomic specimens. J Ultra- 
sound Med 1996b 15: 277-84. 

Schnarkowski P, Gliicker T M, Friedrich J M, Riibenacker S. 
Sonographische Befunde bei lateralen Bandlasionen des 
oberen Sprunggelenkes nach konservartiver und operativ- 
er Therapie. Fortschr Rontgenstr 1992; 157: 561-5. 

173-9. 

861-4. 



Acfa Orthop Scand 1998; 69 (1): 51-55 55 

Schneck C D, Mesgarzadeh M, Bonakdarpour A, Ross G.  
MR imaging of the most commonly injured ankle iiga- 
ments. Part I. Normal anatomy. Radiology 1992a; 184: 
499.506. 

Schneck C D, Mesgarzadeh M, Bonakdarpour A. MR imag- 
ing of the most commonly injured ankle ligaments. Part 
11. Ligament injuries. Radiology 1992b; 184: 507-12. 

Schricker T, Hien N M, Wirth C 5. Klinische Ergebnisse 
sonographischer Funktionsuntersuchungen bei Kapsel- 
bandlasionen am Knie- und Sprunggelenk. Ultraschall 
1987; 8: 27-31. 

Steinbom M, Heuk A, Reiser M. Darstellbarkeit der liga- 
mentiiren Verbindungen des oberen Sprunggelenkes mit 
MR-Tomographie am Hoch- und Niederfeldgerat. Radio- 
loge (Suppl 1) 1995; 35: 103-4. 

Striepling E, Behrens P, Doniec J M, Havemann D. Die 
sonographische Beurteilbarkeit des oberen Sprunggelen- 
kes bei Supinationstraumen. Akt Traumatol 1991; 21: 
194-6. 


