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 Purpose: There is no consensus as to the number of bone cortices engaged in tibiofibular syndesmosis treatment. The purpose of our
study was to assess the weight distribution on the lower limbs after tricortical or quadricortical syndesmosis fixation and different timing
of screw removal. Methods: A total of 55 patients who underwent treatment for acute tibiofibular syndesmosis injury were analyzed in
this study. The Zebris pedobarographic platform was used to measure the distribution of body weight on the lower limbs. The study
population was stratified by the time to syndesmotic screw removal (8–15 weeks versus 16–22 weeks) and the number of bone cortices
involved in fixation (three [tricortical fixation] versus four [quadricortical fixation]). Results: The weight distribution on the operated and
healthy limbs in patients with tricortical syndesmosis fixation was asymmetrical, with the mean load on the operated and healthy limbs of
48.38% and 51.62%, respectively. The patients who underwent quadricortical syndesmosis fixation exhibited a symmetrical distribution
of weight on the operated and healthy limb. There was a symmetrical distribution of the load of body weight on the operated and healthy
limbs both in the group with different times to syndesmotic screw removal. Conclusion: Tricortical syndesmosis fixation is associated
with an asymmetrical weight distribution on the operated and healthy limbs. In treating tibiofibular syndesmosis injuries, based on our
pedobarographic research, quadricortical syndesmosis fixation and leaving the syndesmotic screw in place for up to 15 weeks, seems
more beneficial to the patient.
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1. Introduction

Isolated tibiofibular syndesmosis injuries occur in
5% to 10% of all ankle joint injuries, with the propor-
tion rising up to 23% when the tibiofibular syndesmosis
is injured in association with adjacent bone fracture
[2], [7], [11], [20]–[22], [25], [27].

Traumatic tibiofibular syndesmosis disruption ad-
versely affects the anatomy and biomechanics of the
ankle joint [2], [4]–[7], [11], [21], [22], [25], [27] by
making it unstable, which leads to pain, limited
function, limited range of motion, and joint structure

degeneration over time [2], [4]–[7], [11], [21], [22],
[25], [27].

The treatment goal in tibiofibular syndesmosis
injury is to restore ankle joint anatomy and normal
biomechanical properties, reduce pain, and improve the
range of motion [2], [4]–[7], [11], [21], [22], [25], [27].

There have been a number of reports on various
treatment methods for tibiofibular syndesmosis inju-
ries that involve screw placement [2], [5]–[7], [11],
[20]–[22], [25], [27], however, there is no consensus
as to the number of bone cortices engaged or the
time to screw removal [2], [4]–[7], [11], [21], [22],
[25], [27].
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Some orthopedic surgeons advocate tricortical syn-
desmosis fixation by arguing that it reduces the time
to weight-bearing after surgery, provides a more dy-
namic fixation, eliminates the need for screw removal
and reduces the risk of broken screws [4]–[7], [20], [27].
Other surgeons consider quadricortical syndesmosis
fixation to be the method of choice due to a better sta-
bility of the ankle joint and the possibility of achiev-
ing a more accurate restoration of ankle joint anatomy
[5], [7], [22]. Some surgeons remove the syndesmotic
screw after 8 weeks [4], [20], [21], some after 12 weeks
[4], and some after 16–20 weeks [24].

Physiologically, the load of body weight should be
distributed symmetrically or nearly symmetrically on
the two lower limbs [1], [3], [8], [9], [12]–[19], [23],
[26]. A normal, nearly symmetrical weight distribu-
tion is associated with normal joint mobility and sta-
bility, the absence of pain, and normal limb function
[1], [3], [8], [9], [12]–[19], [23], [26]. To date, there
have been studies assessing the effect of various mus-
culoskeletal pathologies on the distribution of body
weight on the lower limbs with the use of a pedo-
barographic platform [3], [8], [9], [12]–[19], [26]. Tests
using the pedobarographic platform are repeatable,
objective, non-invasive for the patient, not burdensome,
and quick to perform [3], [8], [9], [12]–[17], [19], [26].
The results of the new research can be compared with
the reports of other authors.

However, the effects that the length of time syn-
desmotic screws remain in place and the number of
the cortices involved in fixation may have on lower
limb biomechanics have not been evaluated.

The results of tibiofibular syndesmosis injury treat-
ment should be comprehensively assessed not only in
terms of the clinical and radiographic outcomes but also
biomechanical properties of the affected structures [5],
[7], [20], [22], [24], [25], [27]. Correction of tibiofibular
syndesmosis is routinely assessed on the basis of TF
(tibiofibular) overlap, TF diasthasis, and ankle joint
asymmetry, also perform a CT scan [5], [7], [20], [22],
[24], [25], [27]. There are no studies describing the bio-
mechanics of the ankle joint after this type of injury.

We hypothesized that in tibiofibular syndesmosis
injuries treated with screw fixation both the time to
syndesmotic screw removal and the number of the
engaged cortices affect lower limb biomechanics (body
weight distribution). Theoretically, longer screw mainte-
nance and quadricortical syndesmosis fixation allow
for more stable stabilization of the ligament. On the
other hand, patients more often report reduced dorsi-
flexion in the ankle joint. This may generate a reluc-
tance to fully load the limb and thus affect the biome-
chanics of the ankle joint.

The purpose of our study was to assess the weight
distribution on the two lower limbs after treatment of
tibiofibular syndesmosis injury.

2. Materials and methods

A total of 55 patients who underwent treatment for
tibiofibular syndesmosis injury at our orthopedics
department were analyzed in this retrospective study.
There were 37 female and 18 male, height of 165–
190 cm, weight of 50–110 kg and BMI of 17–40. The
inclusion criteria were a tibiofibular syndesmosis in-
jury treated at our department, an unstable Webber B
or C fracture with a concomitant tibiofibular syndes-
mosis injury, as those requiring surgery. Trauma radio-
graphs revealed features of tibiofibular ligament dam-
age, such as decreased TF overlap < 10 mm, increased
TF diasthasis > 5mm and an ankle joint asymmetry
above 2 mm [5], [7], [20], [22], [24], [25], [27]. The
inclusion criteria were: being at least 2 years after treat-
ment completion, having complete clinical and radio-
graphic records, available pedobarographic assessment
results, absence of other lower limb pathologies, ab-
sence of neurologic abnormalities and a written in-
formed consent.

The exclusion criteria were: a tibiofibular syndes-
mosis injury treated elsewhere, no unstable Webber B
or C fracture with a concomitant tibiofibular syndes-
mosis injury, a post-treatment follow-up of less than
2 years, incomplete clinical and radiographic records,
unavailable or absent pedobarographic assessment re-
sults, additional lower limb pathologies, neurologic ab-
normalities; no informed consent, bilateral ankle joint
injury. Total number of excluded patients from ini-
tially chosen group was 96.

The study was conducted in accordance with the
Declaration of Helsinki and the protocol was ap-
proved by the Bioethics Committee at the Lower Sile-
sian Medical Chamber in Wrocław (1/PNDR/2021).
All subjects provided their written informed consent
having been informed that study participation was
entirely voluntary and they could withdraw from the
study at any time. Application of the inclusion and
exclusion criteria resulted in 55 patients (37 females
and 18 males), aged from 25 to 75 years, being ulti-
mately included in the study. The period of follow-up
from treatment completion to the follow-up assess-
ment ranged from 2 years to 4 years and 2 months.

The study population was stratified by the time
to syndesmotic screw removal (8–15 weeks versus
16–22 weeks) and the number of bone cortices in-
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volved in fixation (three [tricortical fixation] versus
four [quadricortical fixation]).

The 8–15-week subgroup comprised 19 patients,
and the 16–22-week subgroup comprised 36 patients.
There were 21 patients with tricortical and 34 patients
with quadricortical syndesmosis fixation of their tibio-
fibular syndesmosis injury.

Unstable Webber B and C fractures with concomi-
tant tibiofibular syndesmosis injury were qualified for
open reduction and internal fixation. The surgical
procedures were performed with the use of C-arm
fluoroscopy. The fracture was exposed with a lateral
incision over the fibula, reduced, and preliminarily
fixed with a Kirschner wire (K-wire). After the bone
fragments had been properly repositioned, the fibular
fracture was permanently fixed with an anatomic
plate. Subsequently, the tibiofibular syndesmosis was
repositioned and fixed with a screw. At that time –
depending on bone quality, the character of fracture
and tibiofibular syndesmosis injury and individual
preferences – the surgeon decided to use either tricor-
tical or quadricortical fixation of the disrupted tibio-
fibular syndesmosis with a 3.5 mm screw. All the pro-
cedures were performed by one of three orthopedic
surgeons. Adequate reduction of the syndesmosis were
confirmed in C-arm fluoroscopy and postsurgical ra-
dioghphs for all patients.

During the postoperative period, patients walked
with the use of two forearm crutches, with reduced
weight bearing on the operated limb and were recom-

mended to maintain mobility in their ankle joint. At
6 weeks after the procedure, bone union was assessed
radiographically and the patients were referred for
rehabilitation and syndesmotic screw removal. Depend-
ing on the radiographic status, the patient was allowed to
bear increasingly more weight on the operated limb
until full weight bearing. Also, depending on the status
of the operated ankle, operating room availability and
patient’s personal schedule, the procedure of syndes-
motic screw removal was scheduled and performed
within one of the above time ranges after the initial
procedure. All patients underwent the same rehabili-
tation regimen.

An 320  470 mm, 1,504-sensor pedobarographic
platform (Zebris Medical GmbH) was used to meas-
ure the distribution of body weight on the lower limbs
(Fig. 1). The platform, which is connected via a USB
port with a computer with FootPrint (ver. 1.2.4.9.)
software, makes it possible to analyze static and dy-
namic (during gait) force distribution in two and three
dimensions.

The following parameters were measured: total
load on the operated limb [%]; total load on the healthy
limb [%]; forefoot load in the operated limb [%]; fore-
foot load in the healthy limb [%]; hindfoot load in the
operated limb [%]; hindfoot load in the healthy limb
[%]. The collected data were used in a statistical
analysis.

Prior to pedobarometric measurements, each patient
was informed of the purpose of the assessment and

Fig. 1. The distribution of body weight on the lower limbs from the pedobarographic platform
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familiarized with the function of the pedobarographic
platform. The platform was calibrated prior to each
measurement.

The patients were assessed barefoot, with their
eyes open, over a period of 60 seconds. Each patient
stood on the platform motionless in a neutral position,
with the feet hip-width apart. The measurements were
conducted three times for each patient, with the mean
value from the three attempts used for further analyses.

We evaluated the differences between the groups
depending on the time to syndesmotic screw removal
and the number of bone cortices engaged in fixation.

The obtained data were statistically analyzed using
13.3 software (StatSoft, Tulsa, Oklahoma, USA). The
Shapiro–Wilk test was used to check for normality of
distribution. All values are expressed as the mans and
standard deviation. For comparisons of variables, the
unpaired Student’s t-test or the Mann–Whitney U-test
were used depending on the type of distribution. The
level of statistical significance was set at p < 0.05.

3. Results

The weight distribution on the operated and healthy
limbs in patients with tricortical syndesmosis fixation
was asymmetrical, with the mean load on the operated
and healthy limbs of 48.38 and 51.62%, respectively;
the difference was statistically significant ( p = 0.0213)
(Table 1, Figs. 2, 3).

Fig. 2. Weight distribution on the operated limb

The patients who underwent quadricortical syndes-
mosis fixation exhibited a symmetrical distribution of
weight on the operated and healthy limb, with a mean
of 50%; the difference was not significant (Table 1,
Figs. 2, 3).

Fig. 3. Weight distribution on the healthy limb

The tricortical or quadricortical syndesmosis fixa-
tion subgroups showed no significant differences in
weight distribution on the forefoot or hindfoot in the
operated and healthy limbs (Table 1).

Table 1. Body weight distribution for patients
after treatment with 3 and 4 stabilized cortices

Tests performed for 60 seconds with participants open eyes

Loads on limb 3 corticles
(n = 21)

4 corticles
(n = 34)

Operated limb [%] 48.38 ± 10.42 50 ± 12.32
Non-operated limb [%] 51.62 ± 9.63 50 ± 10.32
P 0.0213 1
Forefoot OL [%] 40.76 ± 13.32 42.41 ± 12.83
Forefoot NOL [%] 38.95 ± 11.21 42.49 ± 11.65
P 0.6558 0.993
Backfoot OL [%] 59.23 ± 12.01 57.58 ± 10.32
Backfoot NOL [%] 61.04 ± 11.41 57.5 ± 12.41
P 0.655 0.9789

Data are mean ± standard deviation, OL – operated limb,
NOL – non operated limb.

Moreover, a comparison between the two treat-
ment groups in terms of total load and load distribu-
tion on the two limbs showed no significant differ-
ences (Table 2).

There were no statistically significant differences
of distribution of the load of body weight on the oper-
ated and healthy limbs both in the group where the
time to syndesmotic screw removal was 8–15 weeks
and in the group where the screw remained in place
for 16–22 weeks (Table 3).

There were no significant differences in measure-
ment results comparing the weight distribution on the
forefoot or hindfoot in the operated and healthy limbs
between the 8–15-week and the 16–22-week syndes-
motic screw groups (Table 3).
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Table 2. Body weight distribution for patients
after treatment with 3 stabilized cartable 4 stabilized cortices

Tests performed for 60 seconds with participants open eyes

Loads on limb 3 corticles
(n = 21 )

4 corticles
(n = 34) P

Operated limb [%] 48.38  ± 11.32 50  ± 10.96 0.2692
Non-operated limb [%] 51.62  ± 12.41 50  ± 11.42 0.1377
Forefoot OL [%] 40.76  ± 10.21 42.41  ± 8.96 0.5821
Forefoot NOL [%] 38.95  ± 7.56 42.49  ± 9.52 0.3541
Backfoot OL [%] 59.23  ± 9.23 57.58  ± 9.74 0.6436
Backfoot NOL [%] 61.04  ± 9.64 57.5  ± 10.36 0.3951

Data are mean ± standard deviation, OL – operated limb,
NOL – non operated limb.

Table 3. Body weight distribution for patients after treatment
with screw hold time 8–15 weeks and 16–22 weeks

Tests performed for 60 seconds with participants open eyes

Loads on limb 8–15 weeks
(n = 19)

16–22 weeks
(n =36)

Operated limb [%] 49.94  ±  5.07 49.08  ±  4.57
Non-operated limb [%] 50.06  ±  5.36 50.91  ±  5.36
P 0.6892 0.1518
Forefoot OL [%] 39.26  ±  12.05 43.11  ±  15.72
Forefoot NOL [%] 40.26  ±  12.76 41.44  ±  13.75
P 0.8271 0.5151
Backfoot OL [%] 60.73  ±  12.05 56.88  ±  15.72
Backfoot NOL [%] 59.73  ±  11.32 58.55  ±  10.25
P 0.8271 0.5939

Data are mean ± standard deviation, OL – operated limb,
NOL – non operated limb.

Similarly, there were no significant differences in
the total load on each limb or load distribution be-
tween the groups with different times to syndesmotic
screw removal (Table 4).

Table 4. Body weight distribution for patients after treatment
with screw hold time 8–15 weeks compared to 16–22 weeks

Tests performed for 60 seconds with participants open eyes

Loads on limb 8–15 weeks
(n = 19)

16–22 weeks
(n = 36) P

Operated limb [%] 49.94  ± 5.07 49.08  ± 5.36 0.5655
Non-operated limb [%] 50.06  ± 5.36 50.91  ± 4.57 0.8167
Forefoot OL [%] 39.26  ± 12.05 43.11  ± 12.76 0.2507
Backfoot OL [%] 60.73  ± 12.05 56.88  ± 12.96 0.2889
Forefoot NOL [%] 40.26  ± 15.76 41.44  ± 13.75 0.7132
Backfoot NOL [%] 59.73  ± 15.76 58.55  ± 13.43 0.7712

Data are mean ± standard deviation, OL – operated limb,
NOL – non operated limb.

4. Discussion

Tibiofibular syndesmosis injuries pose a consider-
able social problem due to their high incidence [2],
[5]–[7], [12], [20]–[22], [25], [27]. There is no con-
sensus among orthopedic surgeons as to which fixa-
tion method is optimal for treating disrupted tibio-
fibular syndesmoses [2], [5]–[7], [12], [20]–[22],
[25], [27].

Tibiofibular syndesmosis injuries alter the anat-
omy and biomechanics of the ankle joint and result in
an uneven distribution of body weight on lower limbs
[2], [4]–[7], [11], [21], [22], [24], [25], [27]. A rapid
and effective treatment of tibiofibular syndesmosis
injuries is necessary to restore the normal joint biome-
chanics and function [2], [4]–[6], [11], [21], [22],
[25], [27].

A symmetrical body weight distribution on the two
lower limbs reflects good treatment outcomes of lower
limb pathologies [1], [3], [8], [9], [12]–[19], [23], [26].
Improved joint mobility, including mobility of the ankle
joint, pain reduction or complete alleviation, reduced
joint instability and improved joint function lead to
symmetrical body weight distribution on both limbs
[1], [3], [8], [9], [12]–[19], [23], [26].

Individual orthopedic surgeons differ in terms of
their preferred fixation technique in treating tibiofibular
syndesmosis injuries [2], [6], [20], [22]. Some surgeons
choose tricortical syndesmosis fixation [6], whereas
others prefer quadricortical syndesmosis fixation [2],
[5], [22].

The advocates of tricortical syndesmosis fixation
argue that it allows for weight-bearing sooner after the
surgery, constitutes a more dynamic fixation, reduces
limitations in the range of motion at the ankle joint,
does not necessitate screw removal, and carries a lower
risk of broken screws than the quadricortical method
[2], [4]–[6], [20], [27]. Moreover, the use of tricortical
syndesmosis fixation does not require a second sur-
gery, which carries a risk of complications and in-
creases the cost of treatment and the number of days
the patient is away from work [5], [6], [27]. In contrast,
those surgeons who consider quadricortical syndesmo-
sis fixation to be their method of choice argue that it
ensures a better stability of the ankle joint, possibility to
restore the ankle joint in a more anatomically accurate
way, and – in the case of a broken screw – an easier
screw removal due to the end of the screw protruding
beyond the surface of the tibia [2], [6], [22].

Opinions are also divided in terms of the optimal
time to syndesmotic screw removal, [2], [5], [20], [21],
[24] with some orthopedic surgeons removing the screw
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after 8 weeks [4], [20], [21], some after 12 weeks [4],
and some after 16–20 weeks [24].

Our study assessed the, as of yet unexplored, im-
pact of the time to syndesmotic screw removal and the
number of bone cortices involved on the weight dis-
tribution on the lower limbs.

According to relevant literature, the complications
that might affect the symmetry of weight distribution
occur in 12–31% of patients following tibiofibular syn-
desmosis injury [5], [22], [27].

Lorkowski et al. [20] pedobarographically assessed
underfoot pressure distribution in a patient with uni-
lateral talonavicular joint ankylosis and observed an
improved pressure distribution following orthopedic
treatment and pain reduction [20].

Earlier studies assessed the load put on the lower
limbs in patients after Ilizarov method osteotomy pro-
cedures [12], [15], Ilizarov method ankle joint arthro-
desis procedures [14], [13] and tibial nonunion treat-
ment [17]. After treatment completion, the load of body
weight was reported to be symmetrical in the two lower
limbs [12]–[15], [17]. The patients after lower limb
Ilizarov method osteotomy put a similar load on their
limbs as that observed in healthy individuals [12].
Pawik et al. [17] observed a symmetrical body weight
distribution in lower limbs over the entire foot sur-
face, as well as in the hindfoot and forefoot, following
tibial nonunion treatment. The pedobarography results
obtained for the study group were similar to those
obtained in healthy volunteers [17].

Schepers et al. [20] reported no differences in the
clinical and functional assessment results, irrespec-
tively of the time period to syndesmosis screw removal.
The patients from both of our study groups with dif-
ferent time periods to syndesmosis screw removal had
a symmetrical weight distribution on the lower limbs,
both in terms of the total load and load distribution
over the forefoot and hindfoot. This indicates that
leaving a syndesmotic screw in place for over 15 weeks
is not warranted.

Schepers et al. [20] reported no differences be-
tween the evaluated patients from the tricortical and
quadricortical syndesmosis fixation groups in terms of
either the functional scale scores or visual analog scale
scores of pain. The patients assessed by Hoiness and
Stromsoe showed no differences between the tricortical
and quadricortical syndesmosis fixation groups in
terms of pain, dorsiflexion, or functional scores [4].
Markolf et al. [10] reported no differences between
the tricortical and quadricortical syndesmosis fixation
on biomechanics of the ankle joint.

Our assessment of weight distribution on lower
limbs revealed the results to be more symmetrical in

the quadricortical syndesmosis fixation group. In that
group, the load of body weight put on the operated
and healthy limb was exactly 50% each. The tricorti-
cal syndesmosis fixation group showed a lack of
symmetry between the load placed on the operated
and healthy limbs, with the operated limb bearing
less weight than the healthy one. In theory, this may
adversely affect joint mobility, cause pain, and impair
joint stability in the future [1], [8], [9], [12]–[17], [23].
The two groups of patients distinguished by the num-
ber of bone cortices involved in syndesmosis fixation
showed comparable weight distribution on the fore-
foot and hindfoot. These results were consistent with
those reported in earlier studies on weight distribu-
tion on lower limbs [9], [12]–[17]. Due to our study
the quadricortical syndesmosis fixation method seems
to be a slightly better treatment choice in terms of im-
proved weight distribution and lower limb biome-
chanics.

One limitation of our study is its retrospective na-
ture, however, due to the unexpected character of inju-
ries, it was impossible to assess the patients prior to their
tibiofibular syndesmosis injury treatment. Moreover,
most studies on tibiofibular syndesmosis injuries are
also retrospective [11], [21], [24]. Another limitation
of our study was the assessment of only the static
parameters. In subsequent studies we are planning to
assess the gait of patients after tibiofibular syndesmo-
sis injury treatment. The strengths of our study in-
clude the fact that all procedures were performed by
one of three orthopedic surgeons, the rehabilitation
regimen was the same for all patients, and the assessed
parameters were measured with an established objec-
tive tool, which was the pedobarographic platform [3],
[9], [12]–[17], [26]. In the future, we plan to extend
our research to the study of ranges of motion in pa-
tients divided into the same groups as in this study.
In the future, we plan to conduct a study on a larger
number of patients.

5. Conclusions

Tibiofibular syndesmosis injury patients put their
weight symmetrically on both lower limbs after
treatment, irrespective of the time to syndesmosis
screw removal. Tricortical syndesmosis fixation is
associated with an asymmetrical weight distribution
on the operated and healthy limbs. All study sub-
groups showed a symmetrical distribution of the fore-
foot load and hindfoot load in the two lower limbs.
In treating tibiofibular syndesmosis injuries, based
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on our pedobarographic research, quadricortical syn-
desmosis fixation and leaving the syndesmotic screw
in place for up to 15 weeks, seems more beneficial to
the patient. Standardization of the treatment process of
tibiofibular syndesmosis injury can make it possible to
achieve better treatment results and create a reha-
bilitation algorithm that will more accurately respond
to the needs of patients.
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