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Changes in the radiological measurements of the tibiofibular
syndesmal area in patients with Weber C ankle fractures who were
treated with open reduction, internal fixation, and transyndesmal screw
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ABSTRACT. The tibiofibular syndesmosis pro-
vides stability to the ankle mortise. The ankle syn-
desmosis is compromised in all Weber C type inju-
ries. The radiographic method described by Merle
D’Aubigné considers the bony relationships as a
measure of syndesmotic widening. We sought to in-
vestigate whether the patients with a C type ankle
fracture treated with ORIF and placement of a tran-
syndesmal screw have an increment of the tibiofibu-
lar space and decrease of the tibiofibular overlap af-
ter the transyndesmal screw is removed. Our sample
included 52 patients with Weber C ankle fractures
treated by ORIF and transyndesmal screw at a level
II trauma center. We measured the tibiofibular clear
space and tibiofibular overlap in each phase of the
treatment. The transyndesmal screw was removed at
day 55.56 (= 21.83). We found an increase of the tib-
iofibular overlap of 0.20 mm (£ 2.29, p = 0.532); and
0.21 mm (= 0.97, p = 0.146) in the tibiofibular clear
space. The changes of 2.38% in the tibiofibular over-
lap and 5.29 % in the tibiofibular clear space between
the postoperative and post-removal periods were not
statistically significant. After removal of the syndes-
mal screw, there is a slight radiographic broadening
of the syndesmosis; however, it is small and statisti-
cally not significant.
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RESUMEN. La sindesmosis tibioperonea distal
proporciona estabilidad a la mortaja del tobillo,
viéndose comprometida en todas las lesiones tipo
C de Weber. El método radiografico descrito por
Merle D’ Aubigné usa las relaciones dseas como una
medida del ensanchamiento de la sindesmosis. In-
vestigamos si los pacientes con una fractura de tobi-
llo tipo C tratados con osteosintesis y colocacion de
un tornillo transindesmal tienen un incremento del
espacio y disminucion de la superposicion tibiopero-
nea, después de que el tornillo se retira. 52 pacientes
con fracturas de tobillo Weber C tratadas mediante
osteosintesis y colocacion del tornillo transindesmal
en un centro de trauma de nivel II. Medimos el es-
pacio libre tibioperoneo y la superposicion en cada
fase del tratamiento. El tornillo se retiré el dia 55.56
(= 21.83). Encontrando un aumento de la superpo-
sicion tibioperonea de 0.20 mm (* 2.29, p = 0.532);
y 0.21 mm (% 0.97, p = 0.146) en el espacio libre. El
aumento del 2.38% en el solapamiento tibioperoneo
y 5.29% en el espacio libre entre el postoperatorio
y los periodos posteriores al retiro no fueron esta-
disticamente significativos. Después del retiro del
tornillo sindesmal, hay una ligera ampliacion radio-
grafica de la sindesmosis; sin embargo, es pequeiia y
estadisticamente no significativa.

Palabras clave: Tobillo, sindesmosis, medicion,
cirugia, tornillo, fijacion.

Introduction

Ankle fractures are one of the most common injuries
treated by orthopedic surgeons.!:23456

There are several existing classification methods for
these injuries in keeping with biomechanical aspects
(e.g. Launge-Hansen)’ and with the anatomy of the frac-
ture.

The two main anatomical classification methods are the
number of malleoli involved (be they unimalleolar 2/3, bi-
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malleolar Y, or trimalleolar 7%),® and the anatomical region
of the fracture in relation to syndesmosis (be it infrasyndes-
mal, transyndesmal or suprasyndesmal).’

Both of these methods present us with good intra- and
interobserver reproducibility.'® Weber C type injuries repre-
sent 14 to 47% of ankle fractures.'!

The tibiofibular syndesmosis is made up of the anterior
tibiofibular ligament, the posterior tibiofibular ligament, the
transverse tibiofibular ligament, the interosseous ligament
and the interosseous membrane.'? It provides stability to the
mortise, along with its tolerance and resistance to rotatory
and axial translation forces.’

In 1972, Danis and Weber demonstrated that in the case
of infrasyndesmal fractures, the syndesmosis is not dam-
aged. However, in the case of transyndesmal fractures, 50%
show damage to the syndesmosis, and in supra-syndesmal
injuries, there was a 100% damage rate to the syndesmo-
sis.”* It is known that 100% of Weber type C fractures have
rupture of the syndesmosis, even without apparent radio-
graphic alteration.**

There are various ways to test the stability of the syndes-
mosis: clinical stress tests in external rotation," pain caused
by direct compression!'®!” and peroneal translation,'* as well
as X-ray examination. The X-rays may show a «clear tib-
iofibular space» less than 6 mm in size in AP and mortise
views, or the overlapping of the anterior tuberosity of the
tibia over the fibula. This radiographic measurement de-
pends on the rotation of the foot relative to the X-ray beam
direction.'®

The main measurements in the AP and mortise X-ray
projections were described by Merle D’ Aubigné (Figure 1):

1. The «clear tibiofibular space», which is represented by the
distance between the distal lateral border of the tibia and
the medial border of the fibula. Normal: < 6 mm."

Figure 1.

Merle D’ Aubigné mea-
surements; A. anterior
tubercle of the tibia;
B. border of the fibula;
C. posterior tubercle of
the tibia.
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2. The «tibiofibular overlap» is the distance between the me-
dial wall of the fibula and the incisal surface of the tibia.
Normal: > 6 mm or 42%."°

3. The «constant distance» between the two distal tibial
tubercles.!8¥

The biomechanical instability caused by the syndesmosis
is, without doubt, one of the most important predisposing
factors for arthrosis of the ankle.!620.2122.23.24.25

There is a wide variety of tests, surgical interventions,
and treatments?® which ensure optimum care when main-
taining the syndesmosis closed and stable when the fixation
screw is removed.

The purpose of this study was to evaluate the changes
in X-rays of the tibiofibular syndesmosis region (the tib-
iofibular clear space and the tibiofibular overlap) from the
postoperative period to the transyndesmal screw removal
in Weber C ankle fracture patients treated with open re-
duction, internal fixation and placement of a transyndes-
mal screw.

Material and methods

This is a retrospective study carried out in a cohort of
patients with Weber C ankle fractures. They were surgi-
cally treated at «Hospital Regional del IMSS # 2 Villa
Coapa», a level II trauma center in Mexico City. We in-
cluded patients between 20 and 60 years of age. All had a
transyndesmal fixed Weber C ankle fracture and complete
radiographic registers in the preoperative phase of treat-
ment, immediate postoperative before the transyndesmal
screw withdrawal, and after its withdrawal (Figure 2) in
the period between January 2014 and August 2014. We
excluded patients with tibial pilon fractures, exposed frac-
tures, complex injuries or direct trauma. The total sample
was of 52 patients. The average age was 44.37 years (£
15.83); 30 were female (57.69%) and 22 male (42.31%)
(Table 1).

We studied the radiographic registers of subjects who
met the selection criteria. We registered the dates of the
fracture, surgery and screw withdrawal, as well as age and
gender. Measurements of tibiofibular clear space, tibiofibu-
lar overlap and intertubercular distance in each of the x-rays
were also recorded.

The measurements were done in the IMPAX 6.4.0.5024
software system, using its included digital millimetric ruler.

Continuous variables were subjected to normality tests
(Kolmogorov-Smirnov). All variables had a normal distri-
bution and are thus described as mean, standard deviation,
minimum, and maximum. The categorical variables were
described as absolute and relative frequencies. Changes in
the measurements during different stages of treatment that
were considered: preoperative to postoperative; postopera-
tive to pre-screw withdrawal; pre-screw withdrawal to post-
screw withdrawal. The primary stage of treatment measured
was the postoperative to post-screw withdrawal. The chang-
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Characteristic Value
Age 44.37 + 15.83
Female sex 30 (57.69%)
Male sex 22 (42.31%)

Values expressed as mean + SD; absolute frequencies (%).

es in the measurements were analyzed with a paired t-test.
The management strategy of missing values was applied
«by analysis». Data analysis was performed with IBM SPSS
Statistics for Windows (V 16.0, Chicago). A two-tailed p-
value of < 0.05 was considered significant.

Results

The mean time for the withdrawal of the trans-sindesmal
screw was 55.56 days (£ 21.83, 23-135) (Table 2). Tak-
ing into consideration the Merle-D’ Aubigné measurement
changes between the postoperative and after the withdrawal
of the transyndesmal screw, we observed an increase of the
tibiofibular overlap of 0.20 mm (+ 2.29, p = 0.532); 0.21
mm (£ 0.97, p = 0.146) in the tibiofibular clear space and
0.41 mm (+ 2.08, p = 0.177) in the intertubercular distance
(Table 3, Figures 3 and 4).

Discussion

The relevance of fixing the syndesmosis as the most
important predisposing factor of stability has been demon-
strated by Weening and Bhandari.”” Maintaining a reduced
syndesmosis after the removal of the screw is equally im-
portant; thus the importance of the present study.
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Figure 2.

PostRemoval

Analyzed phases of treatment.

Value

Time for removal of SS (days) 55.56 (+21.83, 23-135)

Values expressed as mean (+ SD, min-max). SS = syndesmotic screw.

In this work, we found that after removing the trans-
sindesmal screw, no radiographic variations were found,
nor anything statistically significant in any of Merle
D’ Aubigné’s measurements. The percentage of change
in the radiographic measurements between the postop-
erative and the withdrawal of the trans-sindesmal screw
was small: 2.38% change in the tibiofibular overlap, and
5.29% in the tibiofibular clear space. These changes were
not statistically significant. The postoperative radiograph-
ic measurements may vary within a safe range. This find-
ing does not necessarily have clinical relevance and does
not mean that the original positioning of the screw was
wrong or insufficient. It is also probable that in the operat-
ing theatre we tend to tighten a bit too much the syndes-
mosis with the screw.

Previous studies have assessed and compared multiple
variables such as differences between surgical proce-
dures,” the material with which the syndesmosis is fixed
(metal versus titanium? versus suture, bioabsorbable or
not*3%31), the number of cortices,?? the amount of screws,3>3
positioning,* the location of the screws,36:3738394041 thejr
size,*? and whether the screw is removed or not.*** In a
previous analysis, Jordan, Talarico, and Schuberth ana-
lyzed the effect of the transyndesmal screw removal, as
well as its effect on the syndesmosis. They concluded that
there is not a significant difference with the withdrawal or
in the follow-up.®
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It is important to consider the variability of different X-
ray technicians as projections may vary depending on sev-
eral factors, including the patient’s pain. Millimetric varia-
tions in the measurements may be due to these factors. Also,
as we know, other important elements exist when it comes
to stability, such as deltoid ligament repair.*®

Given the fact that our inclusion criteria were ample, the
results presented in this paper have a high degree of exter-
nal validity (generalizability) to patients between 20 and
60 years of age with a transyndesmal fixed Weber C closed
ankle fracture.

Syndesmosis injuries represent a challenge for orthope-
dic surgeons in the assessment of the injury, its manage-
ment, stabilization, and repair.

There are still some issues to be addressed: the ideal
number or cortices to be crossed with the syndesmal screw,
whether to remove or not the syndesmotic screw, and the
best timing for its removal.

With the results of this study, we were able to discover
that after the withdrawal of the transyndesmal screw, there
are no significant changes in X-ray measurements of the tib-
iofibular region.

It is clear that there is a difference between clinical
and radiographic outcomes, and there is not always a cor-
relation. The observed fact of a slight radiographic aper-
ture of the syndesmosis does not necessarily mean liga-
mentous deficiency that translates to clinical stability.

In this study, we did not consider the inter-rater variabil-
ity of radiographic measurements. Although the radiograph-
ic technique is standard and we can assume it is constant
in all cases; we are aware that even slight variations in the
position of the limb (i.e. rotation) may result in alteration
of the radiographic measurements due to a variation of the
X-ray beam (parallax error). There is a measurement, the
intertubercular space, which in theory ought to remain con-
stant due to its anatomical nature. However, we observed

Table 3. Radiographic measurements - Merle D’Aubigné.

Measurement (mm) Initial

TF overlap (PreOp/PostOp) 5.10 (3.58)
TF overlap (PostOp/PreRemoval) 8.96 (3.08)
TF overlap (PreRemoval/PostRemoval) 9.29 (2.29)
TF overlap (PostOp-PostRemoval) 8.42 (2.50)
Clear-S/TF (PreOp-PostOp) 6.22 (2.65)
Clear-S/TF (PostOp-PreRemoval) 4.46 (1.26)
Clear-S/TF (PreRemoval-PostRemoval) 4.25 (1.02)
Clear-S/TF (PostOp-PostRemoval) 3.97 (1.25)
iT Distance (PreOp-PostOp) 11.08 (2.95)
iT Distance (PostOp-PreRemoval) 13.03 (2.99)
iT Distance (PreRemoval-PostRemoval) 11.73 (5.09)
iT Distance (PostOp-PostRemoval) 12.43 (2.41)

Final Difference Po* pT
8.10 (2.51) 2.99 (3.95) 58.63 <0.001
9.36 (2.40) 0.39 (1.18) 435 0.298
9.70 (2.31) 0.42 (1.7) 4.52 0.185
8.62 (2.56) 0.20 (2.29) 2.38 0.532
4.05 (1.26) 2.17 (2.55) 35.89 <0.001
4.23 (97) 0.24 (0.57) 5.38 0.200
4.29 (1.23) 0.4 (0.63) 9.41 0.830
4.18 (1.20) 0.21 (0.97) 5.29 0.146
12.32 (2.58) 0.12 (3.65) 1.20 0.040
11.53 (5.69) 1.50 (4.10) 11.51 0.230
13.45 (2.45) 1.71 (3.57) 14.58 0.080
12.84 (2.49) 0.41 (2.08) 3.30 0.177

Values expressed as mean (+ SD). *Percent of change relative to initial value. TF = Tibiofibular; Clear-S = Clear Space; iT = inter-Tubercular. TT-test for related groups.
Means and SDs are different in some cases due to the fact that missing data was pairwise suppressed during analysis.
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Figure 3. Changes in the tibiofibular overlap.

ACTA ORTOPEDICA MEXICANA 2015; 29(6): 303-308

8 7] —
p <0.001
7 .
— 6
) p=0.200 p=0.830
IS
K
5 4
44
34 p=0.146———
Clear-S Clear-S Clear-S Clear-S
(Pre-Op) (Post-Op) (Pre-Removal) (Post-Removal)

Figure 4. Changes in clear space.
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a mean difference of 0.41 mm (3.3%) between initial and
final radiographic evaluations. We consider this variation as
the result of a compound of inter-rater difference and mea-
surement error. This fact might also have had an impact on
the other measurements.

The small differences between the postoperative and
post-removal periods of the tibiofibular overlap and tibio-
fibular clear space of 0.20 mm and 0.21 mm, respectively,
might not be due to a failure in the syndesmal fixation. We
believe that these slight variations could be a consequence of
the normal process of screw removal and measurement error.
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