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Distal tibiofibular radiological overlap

DOES IT ALWAYS EXIST?
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Objectives

Overlap between the distal tibia and fibula has always been quoted to be positive. If the
value is not positive then an injury to the syndesmosis is thought to exist. Our null
hypothesis is that it is a normal variant in the adult population.

Methods

We looked at axial CT scans of the ankle in 325 patients for the presence of overlap between
the distal tibia and fibula. Where we thought this was possible we reconstructed the images
to represent a plain film radiograph which we were able to rotate and view in multiple

planes to confirm the assessment.

Results

The scans were taken for reasons other than pathology of the ankle. We found there was no
overlap in four patients. These patients were then questioned about previous injury, trauma,
surgery or pain, in order to exclude underlying pathology.

Conclusion

We concluded that no overlap between the tibia and fibula may exist in the population,

albeit in a very small proportion.
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Article focus
To investigate if the presence of no over-
lap between the distal tibia and fibula is
always pathological or whether it can
exist in asymptomatic ankles

Key messages

No overlap between the tibia and fibula at
the ankle joint can exist in a painless ankle
It is an uncommon finding, with an inci-
dence in the population of 1.25%

If other investigations are negative then
the possibility of this anatomical variant
should be considered

Strengths and limitations

Disproves a long-held belief, by providing
evidence that the absence of overlap
between the tibia and fibula at the ankle is
not always pathological

Is a very uncommon finding, so it should
only be used if other investigations such
as CT, MRI and arthroscopy find no
pathological cause

Introduction
The distal tibiofibular joint is prone to dis-
ruption of the syndesmosis as a result of
bony fracture of the ankle or ligamentous
injury.’? Injury to the syndesmosis is diag-
nosed by initial clinical examination and
plain film radiography. There may be subtle
changes on plain films which may lead to
the suspicion of a syndesmotic injury. These
can be further investigated with CT, MRl and
arthroscopy of the ankle.*>'® While clinical
examination and plain film radiography are
the everyday tools of the orthopaedic sur-
geon, the use of other modalities such as CT
and MRI has become more widespread.
However, arthroscopy of the ankle has a
more limited role as a result of its availability,
cost and the expertise required.>®
Therefore, taking measurements on radio-
graphs is an important decision-making
tool."? Variations from published guidelines
are interpreted as pathological, leading to
surgical treatment.'”? However, it is impor-
tant to recognise the variations of normal
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Fig. 1

Diagram showing the typical syndesmotic rela-
tionship in patients without overlap between the
tibia and fibula (A, medial fibular border; B, ante-
rior tibial tubercule; C, lateral border of the poste-
rior tibia; D, plane 1 cm above plafond; E, medial
clear space; AC, tibiofibular clear space). The dis-
tance AB in these patients is positive.

anatomy and their prevalence in the population, so that
unnecessary treatment is avoided.

The measurement of overlap between the distal tibia
and fibula on plain film imaging is used clinically, and in
the literature, to predict injury to the syndesmosis.'™ The
value is measured 1 cm proximal to the plafond, and is
the horizontal distance between the medial border of the
fibular and the anterior tubercle of the tibia; it should be
greater than 1 mm on the mortise view."* This value has
been reported in previous studies to always be positive
and should exist in all views (Fig. 1).%

A case was encountered at our institution where no
overlap existed between the tibia and fibula in a Weber B-
type ankle fracture. The ankle was tested intra-operatively
using the method described by Stoffel et al'? and the syn-
desmosis was found to be stable. Intra-operative screening
and plain film imaging of the contralateral limb showed no
overlap between the tibia and fibula (Fig. 2). The patient
reported no previous trauma, pain or surgery to the
unaffected limb. These findings led us to the null hypo-
thesis that non-pathological overlap between the tibia and
fibula in the population does, indeed, exist.

The aim of this study was to review axial CT scans of
ankles taken for reasons other than ankle pathology and to
investigate if there is a percentage of the population in
which no overlap exists between the distal tibia and fibula.

Patients and Methods

Ethical approval was obtained for this study. Axial CT
scans of patients who underwent CT scans for reasons
other than ankle pain or ankle pathology were used. Axial
scans were used as they impart the ability to observe the

W' 4.

Fig. 2a

Fig. 2b

Plain radiographs post-operatively of a 32-year-old female patient who sus-
tained a Weber B fracture of the left ankle, with no overlap existing between
the tibia and fibula, showing a) the left ankle, which showed no increase in
the distance between the tibia and fibula or increase of the medial clear space
during intra-operative testing and b) the right ankle, showing that the condi-
tion was present on the right side, which had no history of trauma, pain or
previous surgery.

presence of overlap between the tibia and fibula. This
procedure also avoided the need to unnecessarily expose
patients with asymptomatic ankles to radiography.
Ebraheim et al®> demonstrated that axial CT scans were
more accurate at diagnosing diastasis than plain films.

The CT scans were taken from patients who had under-
gone total knee replacement and who were being
assessed for rotational alignment in accordance with the
Perth CT protocol,’ or those undergoing CT angio-
graphy looking at blood flow in the distal extremity. Path-
ology of the ankle was not the reason for the CT scan in
any patient. All imaging was performed with a 64-slice CT
scanner in all cases, albeit with different models and at
different insitutions.

Two observers (BS, RR) for this study reviewed CT scans
from 325 patients. The axial slices were initially reviewed
using Inteleviewer (Intelerad Medical System Inc,,
Montreal, Canada) to measure overlap between the distal
tibia and fibula (Figs 3a and 3b). Where absence of over-
lap was considered to be a possibility, the images were
viewed using the GE Workstation (GE Healthcare,
Chalfont St Giles, United Kingdom) with three-
dimensional (3D) volume rendering using transparent
bone windows (Fig. 3¢). This software enabled the ankle
to be rotated in three axes to visually inspect and confirm,
or deny, the presence of overlap.

Exclusion criteria included previous history of injury to
the ankle, current ankle pain or evidence on CT scanning
of prior injury or surgery. One patient was excluded
(evidence of significant trauma to ankle) leaving
324 patients eligible for inclusion. A total of 209 of these
scans included both ankle joints, enabling us to note if the
anatomy was present bilaterally, resulting in a total of
533 ankles.
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Fig. 3a Fig. 3b Fig. 3¢

Figures 3a and 3b — axial CT views a) in a patient with overlap between the distal tibia and fibula, showing that a plain film x-ray beam (represented by the
yellow arrow) cannot be passed between the bones, and b) in a patient without overlap, with the x-ray beam (yellow line) able to pass between the tibia and
fibula. Figure 3c — three-dimensional image of the patientin Figure 3b, reconstructed from CT scans. This image resembles a radiograph and can be rotated

through 360° using GE Workstation software (GE Healthcare).

Fig. 4a Fig. 4b

Fig. 4c

Figure 4a — diagram of a mortise view showing approximate levels of axial slices shown in the diagrams in Figures 4b and 4c. Line 1 is represented by solid lines
and Line 2 represented by dotted lines in Figures 4b and 4c. Line 3 is the line between the tips of the medial and lateral malleoli (intermalleoli line). Figures 4b
and 4c — diagrams of superimposed axial slices for b) measurement of the angle (ABC) between the diastasis (AB) and the intermalleoli axis (BC), and c) mea-

surement of the angle (ABC) between the diastasis (AB) and the talus (BC) (MM, medial malleolus).

Any patients in whom no overlap was seen were then
contacted and questioned about: 1) ankle pain; 2) previ-
ous trauma; and 3) surgery to the ankle joint. If there was
a positive response to any of these three questions, the
patients were not recorded in the positive group.

Measurements from scans in patients where no overlap
existed were made. These were: 1) the angle that the over-
lap was present compared with the intermalleolar axis in the
coronal plane; 2) angle compared with the talus, in the
coronal plane; 3) medial clear space'; 4) tibiofibular clear
space (syndesmosis A) (Fig. 4).""'* We measured the inter-
malleolar axis, as the tips of the malleoli palpated clinically
and it was felt that the angle between the overlap, com-
pared with the talus, was representative of the mortise view.

Results

Of the 324 patients assessed, four displayed no overlap
between tibia and fibula, giving a prevalence of 1.23% in
the sample population. Two of these patients had
bilateral scans of the ankle, and in both patients no over-
lap was demonstrated bilaterally. None of the four
patients reported any previous ankle pain, surgery to the
ankle or previous trauma to the ankle joint.

The mean age of these four patients was 61.8 years
(38 to 75). Of the six ankles with no overlap assessed, the
mean angle of the intermalleoli and diastasis was 91.5°
(86° to 95°), the mean angle of the diastasis to the talar
axis 18.5° (15° to 23°) and the mean tibiofibular clear
space was 5.6 mm (5.3 to 5.8) (Table I).
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Table I. Results from the four patients (six ankles) with no overlap seen on axial CT scans

Talus/diastasis angle Intermalleolar angle Tibiofibular clear

Patient (side) Age (yrs) (@) (@) space (mm)
1 — Left 38 23 95 5.5
1 —Right 22 93 5.6
2 — Left 68 15 86 5.8
2 — Right 16 90 5.7
3 — Left 75 19 94 5.4
4 — Right 66 16 91 53
Mean 61.8 18.5 91.5 5.6

Discussion

Injury to the syndesmotic ligaments of the ankle can be
diagnosed using many different modalities.!67/14:15
These range from clinical examination and plain film inves-
tigation to arthroscopy of the ankle. While arthroscopy has
been reported to be the benchmark procedure,? it is inva-
sive and not all surgeons have the expertise and equip-
ment to utilise this diagnostic tool. MRI is less
uncomfortable for the patient than arthroscopy and has
been reported to be more accurate than plain radio-
graphs."” However, it remains more costly and of limited
availability when compared with plain radiographs.>’

As a result of the limited availability of MRI, many sur-
geons rely on clinical examination and measurements
from plain films for diagnosis. The main values used are:
1) the tibiofibular clear space (syndesmosis A), which is
the distance from the medial fibula to the posterior tuber-
cle of the medial border of the tibia. This is measured 1 cm
above the tibial plafond'#; 2) the tibiofibular overlap
(syndesmosis B), which is the maximum overlap between
the tibia and fibula, measured 1 cm above the tibial
plafond'#; and 3) the medial clear space.

The overlap between the tibia and fibular (syndes-
mosis B) has always been stated as being positive, i.e.
there should always be overlap between the tibia and
fibula.* This has propagated into practice, such that
overlap should exist on all views of the ankle.* If overlap
is not present, a syndesmotic injury is implied and treat-
ment in the form of a syndesmotic fixation is usually
undertaken.'? Pneumaticos et al* found that there was
always overlap between the two bones and implied that
this should always exist. However, their study observed
a total of 14 cadavers, making it unlikely to pick up a vari-
ant with a low prevalence, and only plain films were
used; this would also decrease the likelihood of discov-
ering the condition, as multiple images of the distal tibia
and fibula would be required, in different orientations.
These results were confirmed by Beumer et al," in a
study of 20 cadavers. Our study has the advantage of
large numbers and the ability to rotate the reformatted
axial images in multiple planes in order to increase the

accuracy of identification of the condition. Using CT
scans gave us the ability to view large numbers to look
for this uncommon variant. The software enabled the
images to be converted into a movable image, simulat-
ing a plain film. We are not aware of any studies that
show no overlap to be an anatomical variant, or that
assess its prevalence in the population.

In our population of 324 patients, we found the preva-
lence to be 1.23%. Where both ankles were imaged, the
condition was bilateral, suggesting this was normal for
this patient. The angle where no overlap was present, in
relation to the talus and intermalleoli axis, was within 4°
of the contralateral side. Using axial CT scans gives us the
best chance of detecting this variant. Using plain film
imaging would require the x-ray beam to be located
within a very small arc to identify the absence of overlap,
if it exists. The best position for the beam is at approxi-
mately 90° to the tips of the malleoli in the coronal plane.
Multiple plain film images around this angle would give
the best chance of locating its presence, or the use of con-
tinuous fluoroscopy about the arc described.

The tibiofibular clear space (syndesmosis A) has been
reported to be less than 6 mm in ankles in which the syn-
desmosis is intact.*® The medial clear space is reported
to be normal if it is similar to the distance from the talus
to the tibial plafond, as was the case with the measure-
ments in all six ankles investigated (Table I). We found
the mean syndesmosis A to be 5.6 mm, with all six mea-
surements less than the quoted 6 mm. This suggests
that the absence of overlap between the tibia and fibula
in all views, with other normal radiological measure-
ments, does not imply syndesmotic injury and requires
investigation with MRI or arthroscopy in order to con-
firm it. This anatomical variant risks over-treatment if
treatment were based purely on the presence of tibio-
fibular overlap, with the subsequent costs and morbid-
ity. This study shows that it is possible to have no overlap
in an asymptomatic ankle. We therefore suggest that no
overlap may represent anatomical variation, in cases in
which injury is not demonstrated on further testing with
CT, MRI or arthroscopy.
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We acknowledge that the population is age-biased;
however, obtaining a large number of ankle CT scans for
which the primary reason is not ankle pathology in a
younger population was not possible. We do not believe
that advancing age would increase the prevalence of the
condition. If anything, the variant could become less
prevalent given increasing degenerative changes and for-
mation of osteophytes. However, this study looks at over-
lap in the skeletally mature population only.

Conclusions

We found that the absence of overlap between the distal
tibia and fibula exists in the normal asymptomatic popu-
lation, with an incidence in our study of 1.23%. These
patients had no history of previous ankle trauma, surgery
or pain, suggesting that this is an anatomical variant.
When other diagnostic modalities such as MRI or arthros-
copy are not available to confirm or deny disruption of
the syndesmosis, or intra-operative testing shows a stable
syndesmosis, we recommend plain film imaging or
dynamic fluoroscopy of the contralateral limb to screen
for the presence of this uncommon variant.
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