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Abstract

Background: Post-sprained ankles may sustain ligamentous tear, chondral defect, or osteochondral lesions (OCL).
Being widely available and does not depend on high-end machine, the aim of this study was to assess the value of
high resolution multi-detector CT arthrography (CTA) in detection of various ligamentous tears, chondral defects,
and osteochondral lesions in case of sprain-related persistent ankle pain.

Results: There were 34 (68%) cases of ligamentous injury, most of which had single ligament affection whereas
some cases demonstrated multi-ligamentous injury, and the total number of individual injured ligaments was 42
ligaments. There were 36 cases (72%) which had either chondral or osteochondral defects; the total number of OCL
was 21 lesions and the total number of segmental cartilage defects was 20.

Conclusion: This study emphasized the diagnostic importance of multi-detector CTA in sprain-related ankle pain. In
persistent post-sprained ankle pain, multi-detector CTA is a helpful imaging modality which could be utilized for
detection of OCL, chondral defects, and various ligamentous tears.
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Background
Ankle sprain is one of the most common lower extrem-
ity injuries; it is responsible for about 10% of emergency
room visits and up to 21% of sports-related injuries. Lat-
eral sprain is the commonest, accounting for about 85%
of all ankle sprains. Post-sprained ankles may sustain
one or more intra-articular injuries as ligamentous tear,
chondral defect, and osteochondral lesions (OCL) [1–4].
Non-arthrographic imaging tools including ultrasonog-

raphy and conventional MRI can be utilized for assessment
of ligamentous injuries; however, proper characterization of
OCL needs arthrographic-based techniques. CT arthrogra-
phy (CTA) is a helpful imaging tool which could be utilized
in different joints especially the small ones. The advances in
CT technologies in last years, principally the multi-channel
detector arrays scanners, bring the CTA into the forefront
in joint imaging beside the MR arthrography. In the ankle,
being a small joint, the imaging technique should have high

spatial resolution property, and therefore, CT arthrography
might be the study of choice in certain situations in the
ankle such as in cartilage imaging and osteochondral lesion
assessment, as the ankle has very thin cartilage layer cover-
ing its articular surfaces, with their mean ranges from 1.0 to
1.62 mm in thickness with 0.4 standard deviation [5–10].
Furthermore, CTA can be utilized to detect ligament-

ous injuries, as it could directly discern ligamentous dis-
continuity as in anterior talo-fibular ligament (ATFL), or
demonstrate extra-articular passage of contrast medium,
as into peroneal tendon in case of calcaneo-fibular liga-
ment (CFL) tear [11].

Aim of the work
Being widely available and does not depend on high-end
machine, the aim of this study was to assess the ability
of high resolution multi-detector CTA in detection of
various ligamentous tears, chondral defects, and osteo-
chondral lesions in case of sprain-related persistent
ankle pain.
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Methods
Study participants
This study was conducted during June 2017 through
June 2018 after being ethically approved by our institu-
tion committee. Fifty patients, suffering from sprain-
related ankle pain, were referred from orthopedic clinics,
in our hospital, and underwent CT arthrography using
Philips 16-detector row machine. Informed written con-
sent was obtained from all patients prior to study.

Inclusion criteria
Inclusion criteria for patients were based on (1) chronic
post-sprain ankle pain lasting more than 3 months either
continuously or intermittently. (2) Subacute sprain-
related persistent ankle pain more than 2 weeks duration
despite adequate treatment protocol. (3) Recurrent ankle
sprain more than three episodes, currently presented
with severe acute sprain less than 2 weeks duration.

Exclusion criteria
Overlying or surrounding soft tissue infection was the
only exclusion criterion.

Study techniques
Ultrasonographic-guided contrast injection
Ultrasonographic study was the aiding imaging tool,
using which the injection of the articular contrast
martial was performed. It was done using Xario-200
Toshiba machine with multi-frequency linear array
transducer (selected frequency 12MHz). The patients
were examined while in supine position with the ankle
on the examination table. Anterior joint recess evalu-
ation was done for the presence of joint effusion in sagit-
tal and lateral parasagittal planes. Aspiration of any joint
effusion was done under careful sterile technique prior
to contrast injection.
The injected contrast was non-ionic iodinated contrast

medium (Ioversol; Optiray® 350); the contrast medium
was diluted 1:1 with lidocaine HCL 1%. The utilized
needle was 25-gauge and 1.5 in. length. The ultrasound
transducer was placed longitudinally on the antero-
medial ankle between the extensor halluces longus and
the tibialis anterior tendon, in order to avoid injury of
the dorsalis pedis artery; the entry point was 1–2 cm dis-
tal to joint line with 30o upwards angulation; when the
tip of the needle was imaged in the tibio-talar interval,
about 8–12 cc of diluted contrast was injected; and the
injection was continued until firm resistance to ensure
adequate joint distension [12, 13].

CT arthrography
The patient was scanned in “supine” position using high
resolution bone algorithm, thin beam collimation (0.6mm),

small FOV (~ 140 mm), and exposure parameters of
120 kV and 200 mAs.

Image processing and analysis
True axial images were obtained through the long axis
of the talus. Coronal reformatted images were obtained
along the anterior talar margin. Sagittal images were ob-
tained along the long axis of the calcaneus. Oblique axial
images were obtained through the course of the anterior
tibio-fibular ligaments 45o from inferior lateral to super-
ior medial [12, 13].
Overview of the entire joint was done using the axial

cuts. ATFL, CFL, deep deltoid ligament, and extra-
articular passage of contrast were examined on axial
plane. Syndesmotic ligaments were assessed on axial ob-
lique images. The coronal and sagittal planes were es-
sential planes for evaluation for chondral defects and
OCL [12, 13].
OCL classification followed Berndt and Harty staging

system modified by Anderson et al. The classification
system indicates stage I when the focal compression of
the subchondral bone with intact overlying cartilage,
stage II when incomplete separation of an OCL, stage
IIA means formation of subchondral cyst, stage III when
complete detachment of the OCL that remain in situ,
and stage IV when complete detachment of the OCL
that become displaced.
The ATFL thickness was measured on all cases on

true axial images, and it was measured at the thinnest
portion in cases demonstrating partial tear, whereas in
cases demonstrating intact ligament, it was measured at
its mid-portion, cases with complete ATFL tear were
not measured as this was not applicable. CFL thickness
was measured at its mid-portion in all cases except when
torn due to volume averaging from extra-articular con-
trast within the peroneal tendon sheath, the syndesmotic
recess length was measured in coronal plane in all cases
from the tibial plafond distally to its top [12, 13].

Statistical analysis
Results of CTA were recorded and tabulated, and the stat-
istical analysis was done using SPSS-16; the data were rep-
resented as number and percent. Comparison between
ATFL thickness in intact and partially injured cases was
done using Mann-Whitney test for non-parametric data.
Correlation analysis between pathologic ankle changes
and the type of presenting pain was done and Spearman
correlation coefficient (r) was assessed. P value < 0.05 was
considered significant.

Results
There were 23 males and 27 females. The mean age of
male patients was 30.83 + 6.56 years (range 17–44 years),
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whereas the mean age of female patients was 37.3 +
9.18 years (range 22–50 years).
The most common onset of ankle pain in the study

was the chronic onset (29 cases 58%) and then subacute
onset (18 cases 36%), the acute onset was present in only
three cases, all of which have previous sprain. Recurrent
sprain were present in (11 cases 22%).
Diffuse ankle pain was the most common presentation

(20 cases 40%), followed by lateral ankle pain (18 cases
36%), and then medial ankle pain (12 cases 24%).
The most common type of ankle sprain during presen-

tation was the lateral sprain which was present in 38
cases, whereas 12 cases had medial ankle sprain.

MDCT arthrographic findings
There were 34 (68%) cases had ligamentous injury on
CT arthrography, most of which had single ligament af-
fection whereas some cases demonstrated multi-
ligamentous injury. The total number of individual in-
jured ligaments was 42 ligaments (Table 1).
The ATFL thickness in cases had an intact ligament

and in cases which had partial injury are demonstrated
in Table 2, and the lower limit of normal was 1.1 mm,
whereas in partial injury was 0.3 mm; however, there
was a statistically insignificant difference. Mean CFL
thickness and syndesmotic recess length are presented
in Table 2.
There were 36 cases (72%) which had either chondral

or osteochondral defects; 18 cases had osteochondral
lesions and another 18 cases had chondral injury with
intact subchondral bone plate. The total number of
OCLs in our study was 22 lesions observed in 18 cases,
as there were four cases with talar dome OCL had
double OCLs on the medial and lateral corners of the
talar dome. The total number of cartilage defects in our

study was 20 lesions in 18 cases, with two cases had
concurrent tibial and talar cartilage defects (Table 3,
Figs. 1, 2, 3, 4, 5, 6, 7, and 8).
Among other arthrographic features, there was one

case demonstrating cartilaginous intra-articular bodies,
and 21 cases (42%) had synovial thickening.
Regarding the ultrasonographic features detected be-

fore contrast injection, there were 16 cases (32%)
which had joint effusion, ten of them had synovial
thickening.
Among the 34 cases that have ligamentous injury in

the study, there were 11 cases complicated with ankle
instability; all of them underwent operative treatment
and/or ligamentous repair, and all of them were true
positive cases proven in operative interventions with no
false positive cases. The types of operated ligamentous
tears are categorized in Table 4.
Two minor complications happened during arthro-

graphic procedure; four patients developed vaso-vagal
attack, as they were sitting rather than lying supine while
performing the procedure; and five patients developed
mild peri-articular swelling especially anteriorly due to
mixed intra- and extra -articular contrast injection. No
major complications happened (Table 5).

Correlation analysis
There was a significant reasonable positive correlation be-
tween the presence of OCL or chondral defects and
chronic pain presentation, and recurrent sprain (Table 6).

Discussion
For many years, conventional MRI of the ankle was the
traditional imaging study used to assess for ligamentous
injuries; however, there are many situations preclude the
utility of MRI as in case of presence of a cardiac

Table 1 Different ligamentous injuries in CT arthrography

Affected ligament in CT arthrography Number Percent

ATFL Partial tear 18 36

Complete tear 8 16

Total number of ATFL tear 26 52

Irregular thickness 21 (80.8%)

Bowing/wavy contour 5 (19.2%)

Deltoid ligament SD tear 2 4

DD tear 11 22

Isolated anterior band tear 3 (27%)

Isolated posterior band tear 4 (36.5%)

Both bands tear 4 (36.5%)

Total number of deltoid ligament tear 13 26

CFL tear 3 6

ATFL anterior talo-fibular ligament, SD superficial deltoid ligament, DD deep deltoid ligament, CFL calcaneo-fibular ligament
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pacemaker, in certain types of aneurysm clips and in
cochlear implant; in such cases, CT arthrography would
be the excellent solution.
Multi-detector CTA can directly visualize a lot of

ankle ligaments, which develop anatomically as intra-
capsular structures and are normally highlighted by joint
fluid. Depending on this fact, most of ankle ligaments
could be readily outlined by intra-articular contrast dur-
ing arthrographic studies, and this highlighting can be
easily observed in CTA due to its high spatial resolution.
In CTA, the high attenuation of injected contrast
medium, in adequately distended joint, could surround
the following ligaments: ATFL, PTFL, DDL, and syndes-
motic ligaments; therefore, they will appear as hypo-
attenuated structures, highlighted by high density of
injected contrast, and this will not only occur along their
inner contours, and also along their outer surfaces. The
other ligaments (SDL and CFL) are delineated through
their inner surfaces only as they are tightly applied to
the joint capsule; their injuries are diagnosed by demon-
strating contrast leakage beyond them into adjacent ten-
don sheaths (i.e., into the tibialis posterior tendon sheath
in case of SDL and into the peroneal tendon sheath in

case of CFL). Furthermore, CTA is a well-established
imaging technique for detection of chondral defects and
OCL especially in small joints. CTA of the ankle is con-
sidered superior to MR arthrography in hyaline cartilage
imaging being very thin in the ankle. MR arthrography
has low spatial resolution, and it is unable to separate
the closely apposed tibial and talar cartilages and could
not detect partial thickness chondral defect. On the
other hand, the inherent high resolution of CTA permits
easy depiction of the articular cartilage along each ar-
ticular surface across the joint, and the articular cartilage
is clearly seen by virtue of five thin alternating layers of
high and low attenuations formed by hyperdense sub-
chondral bone plate, hypodense hyaline cartilage on each
side of the joint, and intervening hyperdense contrast
material [14–17].
The purpose of the current study was to evaluate the

diagnostic value of CTA in post-sprained ankle not only
for detection of chondral defects and osteochondral le-
sions, which are the traditional indications for CTA, but
also for detection of concurrent ligamentous tears.
Most of cases in the current study were presented with

chronic or subacute ankle sprains with persistent pain,

Table 3 Chondral and OCL lesions and their dimension

Pathologic type Number of cases Percent Maximal dimension in mm

Talar OCL Type I OCL 2 4 Mean ± SD
(11 ± 2.34)
Range
(7–14)*

Type II OCL 11 22

Type III OCL 0 0

Type IV OCL 1 2

Tibial OCL Type I OCL 0 0 Mean ± SD
(6.3 ± 1.93)
Range
(4–8)

Type II OCL 4 8

Type III OCL 0 0

Type IV OCL 0 0

Chondral defect Talar cartilage defect 7 14

Tibial cartilage defect 11 22

*For type II OCL

Table 2 Some ligamentous morphology on CT arthrography

Ligament dimension Intact ligament in mm Injured ligament in mm P

ATFL thickness N = 24 N = 18 0.7

Range 1.1–2.8 0.3–3.2

Mean ± SD 2.07 ± 0.54 2.08 ± 0.88

CFL thickness N = 47

Range 1.1–3.7

Mean ± SD 1.93 ± 0.46

Syndesmotic recess length N = 50

Range 3.5–23

Mean ± SD 13.66 ± 3.9

N number, P probability, SD standard deviation, ATFL anterior talo-fibular ligament, CFL calcaneo-fibular ligament
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Fig. 1 Right chronic diffuse ankle pain following prior lateral sprain. Axial CTA images through the talus at the level of the talar neck (a) and at
the talar dome (b) demonstrate ATFL tear at its talar insertion (black arrow) along with irregular proximal fibers, note normal deep deltoid
ligament (star). At the talar dome, there is an extensive OCL with cystic changes (dashed arrow) and delamination of the cartilage (white arrow).
Coronal (c) and sagittal (d) CTA show medial and lateral type IIA OCLs (dashed arrows) with significant cartilage delamination (notched arrow)
through the medial OCL. Note large osseous component (star). Note syndesmotic recess height measurement on coronal image

Fig. 2 Right subacute medial ankle pain following medial sprain. Coronal (a) CTA demonstrates contrast medium within the posterior band of
the deep deltoid (notched arrow). Sagittal (b) CTA shows uneven joint space that widen posteriorly (blue arrow). Axial (c) CTA demonstrates
normal ATFL (dashed arrow). Oblique image though syndesmotic ligaments (d) shows intact anterior inferior tibio-fibular ligament and posterior
inferior tibio-fibular ligament
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Fig. 3 Right chronic predominately medial ankle pain after multiple episodes of sprains, and the current episode was lateral sprain. Axial CTA
images through the talar neck (a, b) demonstrate lateral bowing of the ATFL, with loss of normal taut appearance (solid arrows), note thinning of
the ligament proximally, also note fraying of its distal band (dashed arrow). Sagittal (c) and coronal (d) CTA show cartilage defects through
medial and posterior aspects of the talar dome (black arrows) with variable thickness affection, note intact subchondral bone plate and lack of
osseous injury. Note also uneven joint space widened anteriorly

Fig. 4 Chronic diffuse ankle pain after four episodes of ankle sprains, the current episode was lateral sprain. Axial CTA through the talar dome (a)
demonstrates large medial OCL with cystic changes (type IIA). Axial CTA through the talar neck (b) demonstrates bowed ATFL (black arrows) with
thin fibers at the lateral malleolar attachment. The deep deltoid ligament shows contrast medium within its posterior band (white arrow)
indicating its injury. Axial CTA (c) through the calcaneus show contrast within the peroneal tendon sheath indicating CFL tear. Coronal CTA (d)
shows uneven joint space that appears widened laterally (dashed arrow), note the cartilage loss overlying type IIA OCL at medial talar corner
(notched arrow)
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among the study cases; there were 34 (68%) which had
ligamentous injury detected on CTA, with some had
multiple ligament tears. To the best of authors’ know-
ledge, there is lack of studies concerned with the preva-
lence of ligamentous injuries in sprain-related ankle

pain. The high percentage of ligamentous tear found in
the current study could be expected particularly in the
context of chronic or recurrent sprains, and in such
cases, suspicion of ligamentous injury should be raised
and kept in mind, as unhealed tear will be a source of

Fig. 6 Subacute recurrent diffuse left ankle pain following severe lateral ankle sprain. Axial CTA image through the talar neck (a) shows a
complete tear of the superior band of ATFL (black arrow), and contrast entrance into the peroneal tendon sheath (white arrow) indicative for CFL
tear. Coronal CTA (b) demonstrates medial talar dome type IIA OCL (dashed arrow). Axial CTA at the syndesmosis level (c) contrast passage into
the tibialis posterior tendon sheath (white arrow) as well as the adjacent flexor digitorum longus tendon sheath denoting superficial deltoid tear
through the MMFS

Fig. 5 Acute lateral right ankle pain. He has a history of multiple episodes of lateral ankle sprains; the current episode was lateral sprain. Axial CTA
images (a, b) show complete tear of the superior band of ATFL (notched arrow) and intact inferior band (arrow). Sagittal CTA (c) demonstrates
wide loss of hyaline cartilage and subjacent bone plate through the posterior talar dome (black arrow) representing type IV OCL, and the
subchondral bone appears flattened, note posterior tibial plafond cartilage defect (white arrow). Coronal CTA (d) shows type IIA OCL at the
medal talar corner (black arrow)
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persistent ankle pain and/or leads to abnormal joint mo-
tion which in turn leads to ankle instability and develop-
ment of a vicious circle of recurrent sprains.
Regarding the ligamentous dimensions in the current

study, there was no significant difference between partially
torn ATFL and intact ones regarding their ligament thick-
ness value (both had mean of 2-mm thickness) although
the lower range value was thinner in partially torn ATFL
(0.3 mm) than in intact ligament (1.1 mm). The mean
thickness of normal CFL was 1.9 mm. These data are in
concordance with Dimmick et al. 2009, who studied the
thickness of ATFL and CFL in normal and abnormal
ankles; they utilized MRI in their study and found that the
mean thickness of the ATFL was 2.19 ± 0.6mm and the
CFL measured 2.13 ± 0.5 mm, with statistically insignifi-
cant difference between normal and abnormal ankles. This
statistically insignificant difference between partially torn
ATFL and normal ones could signify the utility of the
morphologic abnormalities found in torn ligament (such

as uneven thickness, bowing, or laxity) as indicators for
ligament injury rather than relying on its numerical value
of ligament thickness [18].
In this study, there were no cases with high ankle or

syndesmotic sprain, all cases demonstrated intact anter-
ior inferior tibio-fibular and posterior inferior tibio-
fibular ligaments, and the mean syndesmotic recess
length was 13.66 ± 3.9 mm (range 3.5–23mm). Multiple
reports studied the syndesmotic ligaments, however with
no thorough documentation or clear cutoff values be-
tween normal measurement and abnormal ones. Brown
et al. 2004 studied ankle syndesmotic recess by MRI;
they found an average recess height of 5 mm in normal
syndesmosis and of 14 mm and of 12 mm in chronic
and acute syndesmosis injury respectively; these values
are seemingly discordant with our results but, this would
be attributed to large standard deviation of their means.
Moreover, Kim et al. 2007 studied syndesmotic ankle in-
juries using contrast-enhanced MRI and measured the

Fig. 8 Coronal CTA images of two different patients had chronic lateral ankle pain. a Focal compression of talar subchondral bone plate (black
arrow), with intact overlying cartilage (white arrow) compatible with type I talar OCL. b Focal tibial subchondral cystic changes (black arrow), with
overlying cartilage defect (white arrow) compatible with type IIA OCL

Fig. 7 Axial CTA images of two different patients had previous medial ankle sprain and currently pain. a Both band deep deltoid tear with
contrast passage within the anterior (dashed black arrow) and posterior (white arrow) bands. b Isolated anterior band deep deltoid ligament tear
with contrast passage within its fibers (notched arrow), also ATFL irregularity and bowing are present (dashed arrow)
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length of enhancing syndesmotic recess, although they
measured the enhanced tissue about the recess, and al-
though they extended the height measurement distally
to the talar dome, their results are partially concordant
with the current study, they found that the mean height
of enhancing tissue delineating the syndesmotic recess
was 12.6 mm ± 5.1 in non-injured ankles whereas it was
higher in injured ankle group (16.2 mm ± 3.3) with sta-
tistically significant difference. Bartonicek 2003 studied
the anatomy of the tibiofibular syndesmosis and found
that the expansion of contrast solution as far as 1.2 cm
above the joint could not be considered an indicator of
tibiofibular syndesmosis disruption or injury of the inter-
osseous tibiofibular ligament; furthermore, he did not
give cutoff value between normal and abnormal syndes-
motic height measures [19–21].
Regarding frequency of chondral and OCL in the

current study, there were 36 cases (72%) which had ei-
ther chondral defect or OCL; some of which had more
than one osteochondral lesions or multi-focal cartilage
defect. The occurrence of such lesions in study cases
could be expected especially when poor recovery from
ankle sprain occurs; however, such high percentage
(72%) of chondral and OCLs might be a little bit surpris-
ing, as the indication of CTA in our study was centered
about post-sprained ankle pain especially the chronic
one which showed a positive correlation with the pres-
ence of chondral defect/OCL. The clinical suspicion of
chondral/OCL was not an indication for CTA in our
study. Kirschke et al. 2016 studied the diagnostic value
of CTA for evaluation of osteochondral lesions at the
ankle, although the primary indication for CTA in all
their cases was to visualize chondral or osteochondral
defects; their results are almost in agreement with our
study; and they found that 51/79 (64%) of patients had
talar cartilage defects/OCL and 38/79 (48%) of patients
had tibial cartilage defects/OCL. Furthermore, Kirschke
2016 considered CTA as a reference standard technique

in order to compare their findings with those of MRI, and
they found that MRI was able to visualize only 83.1% of
cartilage defects and 63.6% of defects of the subchondral
bone. In contrast, the current study did not combine CTA
with MRI or MR arthrography due to some logistic reasons;
it only utilized CTA, in part because of a very thin normal
ankle hyaline cartilage and in part due to inherent high
resolution of CT images in examining osseous injuries. The
high percentage of chondral defect/OCL discovered in the
study, together with their positive correlation with chronic
ankle pain and with recurrent sprain, could highlight their
importance; there should be a high level of expectance of
their presence when chronic post-sprained ankle pain
workup is initiated [7, 9, 22].

Study limitation
Although surgical interventions of some patients in our
study allowed for assessment of positive cases, negative
case assessment was not available, since operative inter-
vention was primarily targeted to the CTA detected liga-
mentous tear, and the relatively little number of surgically
treated cases is also a limitation. Moreover, although CTA
might be considered as a reference for OCL, there was
lack of ankle arthroscopy as a reference standard method,
as it is not frequently performed in our institution.

Conclusion
In summary, this study emphasized the diagnostic im-
portance of multi-detector CTA in sprain-related ankle
pain. In conclusion, in persistent post-sprained ankle
pain, multi-detector CTA is a helpful imaging modality
that could be utilized for detection of OCL, chondral de-
fects, and various ligamentous tears.
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