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Abstract
Background: This investigation’s purpose was to perform a systematic review of the literature examining the biomechanics
of the ligaments comprising the distal tibiofibular syndesmosis with specific attention to their resistance to translational and
rotational forces. Although current syndesmosis repair techniques can achieve an anatomic reduction, they may not
reapproximate native ankle biomechanics, resulting in loss of reduction, joint overconstraint, or lack of external rotation
resistance. Armed with a contemporary understanding of individual ligament biomechanics, future operative strategies can
target key stabilizing structure(s), translating to a repair better equipped to resist anatomic displacing forces.
Study design: Systematic review.
Methods: A systematic review was conducted according to the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines using a PRISMA checklist. Biomechanical studies testing cadaveric lower limb specimens
in the intact and injured state measuring the distal tibiofibular syndesmosis resistance to translational and rotational forces
were included in this review. Only studies that included numerical data were included in this review; studies that only
reported figures and graphs were excluded.
Results: Twelve studies met the inclusion and exclusion criteria. Two studies determined the mechanical properties of
syndesmotic ligaments, finding superior strength and stiffness of the interosseous ligament (IOL), as compared to the
anterior (AITFL) or posteroinferior tibiofibular ligament (PITFL). Four studies examined native ankle biomechanics estab-
lishing physiologic range of motion of the fibula relative to the tibia. Fibular range of motion was found to be up to 2.53 mm of
posterior translation (Markolf et al), 1.00 mm lateral translation (Xenos et al), 3.6 degrees of external rotation (Burssens
et al), and 1.4 degrees of internal rotation (Clanton et al). Four studies evaluated syndesmotic biomechanics under
physiological loading and found that the AITFL, IOL, and PITFL provide the majority of resistance to external rotation,
diastasis, and internal rotation, respectively. Two studies investigated the biomechanics of clinically and intraoperatively used
tests for syndesmotic injuries and found increased sensitivity of sagittal plane posterior fibular translation, as opposed to
coronal plane lateral fibular translation for unstable injuries.
Conclusions: Study findings suggest that although the IOL is the strongest syndesmotic ligament, the AITFL has a dominant
role stabilizing the distal tibiofibular syndesmosis to external rotation force. Because of these characteristics, operative
repair of the AITFL along its native vector may provide a more biomechanically advantageous construct and should be
investigated clinically. Additionally, evaluation of clinical stress tests revealed that the external rotation stress test is the most
sensitive test to recognize an AITFL tear, and that a 3-ligament disruption is needed to cause diastasis greater than 2 mm.
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Introduction

Injuries to the distal tibiofibular syndesmosis can occur in

isolation with deltoid ligament injuries or with ankle

fractures, particularly posterior malleolar and/or proximal

fibula fractures. These injuries are commonly caused by
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high-energy mechanisms, usually in external rotation or

hyperdorsiflexion.22 These injuries have been seen, as well,

in high-level athletes with long associated recovery times.22

The structures that make up the syndesmosis work in concert

to maintain stability of the talus within the ankle mortise.

Thus, the anatomy and biomechanics of the individual

ligaments as well as the syndesmosis as a whole must be

considered to optimize fixation methods and patient

outcomes.

The tibiofibular syndesmosis is composed of 3 main sta-

bilizing structures: the anteroinferior tibiofibular ligament

(AITFL), posteroinferior tibiofibular ligament (PITFL), and

the interosseous ligament (IOL). The AITFL originates on

the anterior tibial tubercle, approximately 5 mm above the

tibiotalar articular surface.12 Williams et al26 describe the

tibial footprint 9.3 mm superior and medial to the anterolat-

eral corner of the tibial plafond. Its fibers extend obliquely

in a laterodistal direction, at a 30-degree angle to the

horizontal.26 The fibers insert on the anterior margin of

the lateral malleolus, 30.5 mm superior to the inferior tip

of the lateral malleolus.26 Bartonı́cek et al1 found that the

AITFL has 3 distinct anatomic components: superior, middle,

and inferior. The PITFL is the largest supporting ligament of

the tibiofibular syndesmosis and is divided into superficial

and deep components; these components are sometimes

described as the upper and lower components of the liga-

ment.13 The superficial component originates on the posterior

edge of the lateral malleolus, and runs proximally and medi-

ally to insert in the posterior tibial tubercle. The deep compo-

nent is also known as the transverse ligament of the

syndesmosis. It is cone shaped, originating in the proximal

area of the posterior malleolar fossa and inserting in the pos-

terior edge of the tibia.12 The IOL of the tibiofibular syndes-

mosis is a dense mass of short fibers spanning from the distal

tibia to the distal fibula, 4 to 5 cm above the tibiotalar joint.12

The presence of the IOL is variable; in some individuals, the

ligament is prominent whereas in others it is not present at all

and blends into the interosseous membrane.13 Cadaveric

images depicting the AITFL, PITFL, and IOL can be found

in Figure 1.

Operative repair of an unstable syndesmosis strikes a

careful balance between maximizing joint stability and mini-

mizing risks of complications, such as loss of reduction,

tibiotalar joint overconstraint, or hardware failure. Tradi-

tional screw fixation of the syndesmosis has good clinical

outcomes and is useful for short-term constraint of the joint

to allow for healing. However, screw fixation is associated

with several drawbacks such as overconstraint of the joint in

the long term and frequent hardware failure requiring

reoperation for removal.11 Suture button fixation is becom-

ing a more popular method of stabilization of the syndesmo-

sis as an alternative to traditional 3.5-mm tricortical or

quadricortical screw fixation. Benefits of suture button

fixation include long-term dynamic stabilization. However,

traditional suture button fixation is associated with instability

to external rotational stress and reduction loss.11

It is vital to consider the biomechanics of individual

syndesmotic ligaments when considering targets for repair.14

The primary purpose of this article is to provide a systematic

review of the literature examining the biomechanics of the

distal tibiofibular syndesmosis, with a focus on resistance to

translation and rotation by individual ligaments as well as the

joint complex as a whole. This study seeks to provide the most

comprehensive biomechanical understanding of the structure

of the syndesmosis and identify an avenue for repair that may

provide a more biomechanically advantageous construct.

Methods

Literature Review

The following databases were searched for existing systema-

tic review of distal tibiofibular syndesmosis biomechanics:

The Database of Abstracts of Reviews of Effects, the

Cochrane Database of Systematic Reviews, and the Interna-

tional Prospective Register of Systematic Reviews (PROS-

PERO). No studies reviewing the biomechanics of the distal

tibiofibular syndesmosis have been published in the last

10 years.

Search Strategy

A systematic review was conducted according to the Pre-

ferred Reporting Items for Systematic Reviews (PRISMA)

guidelines using a PRISMA checklist, shown in Figure 2.

The following databases were searched from inception to

October 2020 for relevant studies: Cochrane CENTRAL,

PubMed (MEDLINE), Ovid (MEDLINE), and Scopus. The

authors independently conducted the search on October 9,

2020. The search strategies combined text words and rele-

vant indexing using appropriate Boolean operators to cap-

ture the articles discussing the biomechanics of the distal

Figure 1. (A) Anterior view of a dissected cadaveric left ankle
depicting the anteroinferior tibiofibular ligament (purple) with its
most distal tibial (blue) and fibular (pink). F, fibula; T, tibia; I,
interosseous ligament. (B) Posterolateral view of a dissected
cadaveric left ankle in the substance of the posteroinferior tibio-
fibular ligament (purple) and interosseous membrane (green).
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tibiofibular syndesmosis. The literature search used the fol-

lowing terms (including synonyms and other closely related

words): distal and tibio* and syndesmo*. The searches were

not limited by study design or date of publication, but only to

references published in the English language. The full

PubMed search strategy is shown in Appendix A.

The inclusion criteria consisted of articles with cadaveric

lower limb models tested biomechanically in the intact and

sequentially injured state. Exclusion criteria included the

following: meta-analyses, systematic reviews, review arti-

cles, case reports, and studies with human subjects. Studies

that examined ligaments outside of the distal tibiofibular

syndesmosis and studies that examined syndesmosis

repair methods were also excluded to maintain the focus

on ligamentous biomechanics of the syndesmosis itself.

Data Abstraction and Analysis

After search of the databases, a total of 873 articles were

identified. The search process is shown in Figure 1. After

title and abstract assessment, 18 full-text articles were

selected for further review. A total of 6 articles were

excluded after further review. Five articles were excluded

due to reporting charts and figures without including numer-

ical data.7,16,17,21,24 One article by Beumer et al2 was

excluded for not defining loads applied to the studied speci-

mens. Notably, another study by Beumer et al3 did not define

applied loads, but it was included because syndesmotic

stress tests done in a clinical setting would not measure

loads. To ensure that all available studies were identified,

the reference lists of included articles were assessed for

additional relevant studies.

Outcome Measures

The main outcome of interest in our review was individual

ligament contribution to syndesmotic biomechanical stabi-

lity, which was measured through changes in fibular trans-

lation in the coronal and sagittal planes as well as fibular

rotation in response to external rotational forces. Secondary

outcome measures recorded include the biomechanical prop-

erties of syndesmotic ligaments as well as indirect measure-

ments of ligament biomechanics such as forces and torques

required to induce motion in the syndesmosis. These out-

come measures provide a comprehensive overview of the

biomechanical properties of the uninjured ankle, and can

serve as a target for biomechanical properties of repaired

injured ankles.

Results

Twelve studies met the given inclusion criteria. The Quality

Assessment for Cadaveric Studies (QUACS) tool was used

for assessment of included studies, with a mean QUACS

score of 82.3% and a standard deviation of 13.2%. Complete

results of QUACS scoring can be found in Table 4, and

criteria for QUACS scoring can be found in Appendix A.

Two of the 12 included studies examined individual syndes-

motic ligament stiffness and strength, and reported superior

strength and stiffness of the IOL compared with the AITFL

and PITFL.4,14 Six of the 12 included studies examined the

biomechanics of the syndesmosis under compression and

external rotational loading, and recorded fibular translation

in the coronal and sagittal planes, and rotation of the fibula

and foot.6,8,15,19,25,27 Details of loading parameters for each

study are included in Table 1. The largest measurements of

fibular range of motion recorded in these studies were

2.53 mm of posterior translation (Markolf et al19),

1.00 mm lateral translation (Xenos et al27), 3.6 degrees of

external rotation (Burssens et al6), and 1.4 degrees of inter-

nal rotation (Clanton et al8). Clanton et al8 demonstrated that

fibular external rotation increases significantly with section-

ing of the AITFL and that fibular internal rotation increases

significantly with sectioning of the PITFL. Multiple studies

demonstrated increases in fibular translation and rotation

with sectioning of the AITFL.6,25,27 The results of these

biomechanical investigations are shown below in Table 1

and depicted in Figures 3 and 4.

Three included studies evaluated individual syndesmotic

ligament contributions to stabilizing translational and rota-

tional loads by recording the force required to create diasta-

sis and percentage reduction in forces and torques on

sectioning of syndesmotic ligaments.9,15,23 The results of

these investigations are shown below in Table 2. Clanton

et al8 reported that sectioning of the AITFL resulted in the

largest percentage decrease in torque required to cause exter-

nal rotation displacement, whereas sectioning of the PITFL

resulted in the largest percentage decrease in internal

rotational torque to cause a similar internal rotation displa-

cement. Ogilvie-Harris et al23 demonstrated similar findings,

where sectioning of the AITFL and deep portion of the

PITFL were each associated with the largest percent

decreases in force required to create 2 mm of diastasis, with

a relatively smaller contribution by the IOL.

Two included studies examined the biomechanics of

commonly used stress tests for clinical and intraoperative

assessment of syndesmotic injuries.3,18 Both studies reported

diastasis measured at the anterior syndesmosis during testing

of the intact syndesmosis and after sequential sectioning of

syndesmotic ligaments. The results of these studies are

shown below in Table 3. Notably, Beumer et al demon-

strated that there is a large change in external rotation dis-

placement after sectioning of the AITFL with minimal

changes in external rotation appreciated after subsequent

successive ligament sectioning.

Discussion

The syndesmosis is essential in providing stability of the

ankle joint. Each individual component of the syndesmosis

is unique and contributes to the overall function of the

ligamentous complex. In the search for an anatomic

Khambete et al 3



T
a
b

le
1
.

R
es

u
lt
s

o
f
B
io

m
ec

h
an

ic
al

T
es

ti
n
g.

St
u
d
y,

Y
ea

r
N

u
m

b
er

o
fS

p
ec

im
en

s
M

ea
n

Sp
ec

im
en

A
ge

,
y

(R
an

ge
)

Lo
ad

in
g

P
ar

am
et

er
s

O
u
tc

o
m

e
M

ea
su

re
s

R
es

u
lt

(+
SD

)

H
o
ef

n
ag

el
s

et
al

,
2
0
0
7

1
4

2
4

(1
2

m
at

ch
ed

p
ai

rs
)

7
2
+

1
3
.3

B
o
n
e-

lig
am

en
t-

b
o
n
e

co
m

p
le

x
es

is
o
la

ti
n
g

A
IT

FL
an

d
IO

L.
T

en
si

o
n

ap
p
lie

d
al

o
n
g

th
e

lo
n
gi

tu
d
in

al
ax

is
o
fl

ig
am

en
t

fib
er

s.

Li
ga

m
en

t
St

iff
n
es

s
an

d
St

re
n
gt

h
.

St
iff

n
es

s:
A

IT
FL
¼

1
6
2
+

6
4

N
/m

m
IO

L
¼

2
3
4
+

1
2
2

N
/m

m
St

re
n
gt

h
:

A
IT

FL
¼

6
2
5
+

2
5
5

N
IO

L
¼

8
2
2
+

2
9
8

N
B
eu

m
er

et
al

,
2
0
0
3

4
1
0

7
2
+

8
B
o
n
e-

lig
am

en
t-

b
o
n
e

co
m

p
le

x
es

is
o
la

ti
n
g

A
IT

FL
an

d
P
IT

FL
.

T
en

si
o
n

ap
p
lie

d
al

o
n
g

th
e

lo
n
gi

tu
d
in

al
ax

is
o
fl

ig
am

en
t

fib
er

s.

Li
ga

m
en

t
st

iff
n
es

s
an

d
st

re
n
gt

h
.

St
iff

n
es

s:
A

IT
FL
¼

7
8
+

1
2

N
/m

m
P
IT

FL
¼

1
0
1
+

1
6

N
/m

m
St

re
n
gt

h
:

A
IT

FL
¼

4
9
9
+

1
0
5

N
P
IT

FL
¼

7
0
8
+

9
1

N
C

la
n
to

n
et

al
,
2
0
1
7

8
1
6

(8
m

at
ch

ed
p
ai

rs
)

5
2

(3
8
-6

4
)

Fo
o
t
ex

te
rn

al
ly

ro
ta

te
d

1
5

d
eg

re
es

,i
n
te

rn
al

ly
ro

ta
te

d
1
0

d
eg

re
es

w
h
ile

u
n
d
er

7
5
0

N
co

m
p
re

ss
iv

e
lo

ad
.

Sp
ec

im
en

s
te

st
ed

in
in

ta
ct

st
at

e
an

d
af

te
r

se
q
u
en

ti
al

se
ct

io
n
in

g
o
f
lig

am
en

ts
.

P
o
st

er
io

r
fib

u
la

r
tr

an
sl

at
io

n
,
fib

u
la

r
ex

te
rn

al
ro

ta
ti
o
n
,

fib
u
la

r
in

te
rn

al
ro

ta
ti
o
n

P
o
st

er
io

r
tr

an
sl

at
io

n
:

In
ta

ct
¼

2
.3

+
1
.2

m
m

A
IT

FL
se

ct
io

n
ed
¼

2
.7

+
1
.3

E
x
te

rn
al

ro
ta

ti
o
n
:

In
ta

ct
¼

2
.8

+
1
.3

d
eg

re
es

A
IT

FL
se

ct
io

n
ed
¼

4
.4

+
2
.0

d
eg

re
es

In
te

rn
al

ro
ta

ti
o
n
:

In
ta

ct
¼

1
.4

+
0
.8

d
eg

re
es

P
IT

FL
se

ct
io

n
ed
¼

2
.3

+
1
.0

d
eg

re
es

H
u

et
al

,
2
0
1
9

1
5

6
3
6

(2
8
-5

4
)

6
0
0

N
co

m
p
re

ss
io

n
w

it
h

an
d

w
it
h
o
u
t

5
N

m
ex

te
rn

al
ro

ta
ti
o
n

to
rq

u
e

ap
p
lie

d
w

it
h

fo
o
t

in
n
eu

tr
al

p
o
si

ti
o
n
.
Sp

ec
im

en
s

te
st

ed
in

th
e

in
ta

ct
st

at
e.

P
o
st

er
io

r
fib

u
la

r
tr

an
sl

at
io

n
,

la
te

ra
l
fib

u
la

r
tr

an
sl

at
io

n
,

fib
u
la

r
ex

te
rn

al
ro

ta
ti
o
n

P
o
st

er
io

r
tr

an
sl

at
io

n
:

A
x
ia

l
lo

ad
¼

1
.6

5
+

0
.5

6
m

m
C

o
m

b
in

ed
lo

ad
¼

–
0
.0

2
+

0
.1

4
m

m
(a

n
te

ri
o
r)

La
te

ra
l
tr

an
sl

at
io

n
:

A
x
ia

l
lo

ad
¼

–
0
.2

5
+

1
.0

1
m

m
(m

ed
ia

l
tr

an
sl

at
io

n
)

C
o
m

b
in

ed
lo

ad
¼

0
.0

8
+

0
.1

1
m

m
E
x
te

rn
al

ro
ta

ti
o
n
:

A
x
ia

l
lo

ad
¼

1
.5

9
+

0
.6

7
d
eg

re
es

C
o
m

b
in

ed
lo

ad
¼

0
.1

0
+

0
.1

7
d
eg

re
es

M
ar

ko
lf

et
al

,
2
0
1
2

1
9

2
7

N
/A

1
0

N
m

ex
te

rn
al

ro
ta

ti
o
n

to
rq

u
e
+

1
0
0
0

N
co

m
p
re

ss
iv

e
lo

ad
.
Sp

ec
im

en
s

te
st

ed
at

n
eu

tr
al

d
o
rs

ifl
ex

io
n

(1
)

an
d

w
it
h

4
N

m
o
f
fo

rc
ed

d
o
rs

ifl
ex

io
n

(2
).

Sp
ec

im
en

s
te

st
ed

in
th

e
in

ta
ct

st
at

e*
.

P
o
st

er
io

r
fib

u
la

r
tr

an
sl

at
io

n
P
o
st

er
io

r
tr

an
sl

at
io

n
:

(1
)

R
o
ta

ti
o
n
al

lo
ad

in
g
¼

2
.5

3
m

m
(1

)
C

o
m

b
in

ed
lo

ad
in

g
¼

2
.1

8
m

m
(2

)
R

o
ta

ti
o
n
al

lo
ad

in
g:

1
.7

9
m

m
(2

)
C

o
m

b
in

ed
lo

ad
in

g
¼

1
.3

4
m

m (c
on

tin
ue

d)

4



T
a
b

le
1
.

(c
o
n
ti
n
u
ed

)

St
u
d
y,

Y
ea

r
N

u
m

b
er

o
fS

p
ec

im
en

s
M

ea
n

Sp
ec

im
en

A
ge

,
y

(R
an

ge
)

Lo
ad

in
g

P
ar

am
et

er
s

O
u
tc

o
m

e
M

ea
su

re
s

R
es

u
lt

(+
SD

)

B
u
rs

se
n
s

et
al

,
2
0
2
0

6
1
4

(7
m

at
ch

ed
p
ai

rs
)

6
2
+

7
(5

2
-7

0
)

1
0

N
m

in
te

rn
al

ro
ta

ti
o
n

to
rq

u
e

to
ti
b
ia

w
it
h

an
d

w
it
h
o
u
t

8
5

kg
w

ei
gh

tb
ea

ri
n
g

lo
ad

.
Sp

ec
im

en
s

te
st

ed
in

in
ta

ct
st

at
e

an
d

af
te

r
se

q
u
en

ti
al

se
ct

io
n
in

g
o
f
lig

am
en

ts
.

P
o
st

er
io

r
fib

u
la

r
tr

an
sl

at
io

n
,
fib

u
la

r
ex

te
rn

al
ro

ta
ti
o
n

P
o
st

er
io

r
tr

an
sl

at
io

n
:

In
ta

ct
¼

2
.3

+
1
.0

m
m

A
IT

FL
se

ct
io

n
ed
¼

3
.2

+
1
.3

m
m

E
x
te

rn
al

ro
ta

ti
o
n
:

In
ta

ct
¼

3
.6

+
2
.9

d
eg

re
es

A
IT

FL
se

ct
io

n
ed
¼

5
.6

+
1
.7

d
eg

re
es

R
as

m
u
ss

en
et

al
,
1
9
8
2

2
5

5
N

/A
1
.5

N
m

ex
te

rn
al

ro
ta

ti
o
n

to
rq

u
e

ap
p
lie

d
to

th
e

fo
o
t.

Sp
ec

im
en

s
te

st
ed

in
th

e
in

ta
ct

st
at

e
an

d
af

te
r

se
q
u
en

ti
al

se
ct

io
n
in

g
o
f
lig

am
en

ts
.

Fi
b
u
la

r
ex

te
rn

al
ro

ta
ti
o
n
.

In
cr

em
en

ta
l
ex

te
rn

al
ro

ta
ti
o
n
:

A
IT

FL
se

ct
io

n
ed
¼

1
.5

+
1
.0

d
eg

re
es

A
ll

lig
am

en
ts

se
ct

io
n
ed
¼

4
.6

d
eg

re
es

(r
an

ge
3
-5

.5
d
eg

re
es

w
it
h

lig
am

en
ts

se
ct

io
n
ed

)
X

en
o
s

et
al

,
1
9
9
5

2
7

2
5

M
ea

n
ag

e
n
o
t

gi
ve

n
(4

9
-8

5
)

5
N

m
ex

te
rn

al
ro

ta
ti
o
n

to
rq

u
e

ap
p
lie

d
to

th
e

fo
o
t.

Sp
ec

im
en

s
te

st
ed

in
th

e
in

ta
ct

st
at

e
an

d
af

te
r

se
q
u
en

ti
al

se
ct

io
n
in

g
o
f
lig

am
en

ts
.

T
ib

io
fib

u
la

r
d
ia

st
as

is
an

d
ex

te
rn

al
ro

ta
ti
o
n

o
f
th

e
fo

o
t.

T
ib

io
fib

u
la

r
d
ia

st
as

is
:

In
ta

ct
¼

1
.0

+
0
.1

m
m

A
IT

FL
se

ct
io

n
ed
¼

2
.3

+
0
.2

m
m

C
o
m

p
le

te
ly

se
ct

io
n
ed
¼

7
.3

+
0
.7

m
m

E
x
te

rn
al

ro
ta

ti
o
n
:

In
ta

ct
¼

2
2
.5

+
1
.4

d
eg

re
es

A
IT

FL
se

ct
io

n
ed
¼

2
5
.2

+
1
.4

d
eg

re
es

C
o
m

p
le

te
ly

se
ct

io
n
ed
¼

3
2
.7

+
1
.9

d
eg

re
es

A
b
b
re

vi
at

io
n
s:

A
IT

FL
,
an

te
ro

in
fe

ri
o
r

ti
b
io

fib
u
la

r
lig

am
en

t;
IO

L,
in

te
ro

ss
eo

u
s

lig
am

en
t;

P
IT

FL
,
p
o
st

er
o
in

fe
ri

o
r

ti
b
io

fib
u
la

r
lig

am
en

t.
*T

h
e

st
an

d
ar

d
d
ev

ia
ti
o
n

w
as

n
o
t

re
p
o
rt

ed
.

5



syndesmosis repair technique that allows for long-term

dynamic stabilization of the joint, it is essential to consider

individual ligament biomechanical contributions to the over-

all stability of the ankle mortise. The purpose of this sys-

tematic review was to determine the biomechanical profile

of the individual components comprising the distal tibiofib-

ular syndesmosis.

Four of the 12 studies evaluated the normal range of

excursion of the syndesmosis and the variation therein with

loading and ankle position.6,8,15,19 Although the IOL was the

strongest and stiffest of the ligaments, the AITFL was found

to be the largest contributor to resistance of external rotation

forces, and the PITFL was the largest contributor to resis-

tance to the internal rotation force. Not only do these find-

ings provide a baseline for clinical and radiographic

assessment for injury to the syndesmosis, but they provide

a framework for which repairs and reconstructions can be

designed to restore proper anatomic biomechanics to the

syndesmosis following injury.

Findings by Hoefnagels14 and Beumer et al4 demonstrate

the superior mechanical stiffness and strength of the IOL as

compared to the AITFL and PITFL.14 However, specimens

in both studies were loaded in pure tension along the long-

itudinal axis of each ligament, unlike physiological loading

patterns which are more likely to be eccentric.4,14 Results of

sequential sectioning studies performed by Clanton et al,8

Ogilvie-Harris et al,23 and D’Hooghe et al9 demonstrate

significant variability in results based on the order in which

ligaments were sectioned.15 The considerable variability in

individual ligament contributions to resistance identify a

Figure 2. Preferred Reporting Systems for Systematic Reviews and Meta Analyses (PRISMA) Diagram.
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need for further standardized evaluation. Some variability

can be explained by sequential cutting in the anteroposterior

direction performed by D’Hooghe et al,9 whereas

Ogilvie-Harris et al23 sectioned ligaments in random

sequence avoiding bias incurred by synergistic resistance

by combinations of ligaments. These findings suggests that

sectioning of successive ligaments may confound the true

contribution by individual ligaments and that randomizing

specimens to sectioning of individual ligaments may be

required to determine each ligaments’ contribution to stabi-

lizing the syndesmosis. Regardless of sectioning order,

Clanton et al8 demonstrated that the AITFL plays a dominant

role in stabilizing external rotational forces, with the PITFL

complex predominantly stabilizing internal rotation.

Ogilvie-Harris et al23 similarly demonstrated that both the

AITFL and PITFL play significant roles in stabilizing

against diastasis of the syndesmosis. The results obtained

from sequential sectioning studies suggest that the AITFL

and PITFL play more significant stabilizing roles than

results of studies by Hoefnagels et al14 and Beumer et al4

indicate, and that eccentric loads mimicking physiological

loading patterns are better suited for assessment of syndes-

motic stability and should be standard in future biomecha-

nical studies.

Beyond the scope of biomechanical testing, the findings

of Massri-Pugin et al20 suggest that further research is

required into diagnostic testing for injuries to the syndesmo-

sis. Currently used radiologic markers for syndesmotic

injury include medial clear space widening and tibiofibular

clear space widening, both assessing translation in the cor-

onal plane.27 Arthroscopic findings by Massri-Pugin et al20

demonstrate that coronal plane translation varies from the

anterior to posterior syndesmosis. This variation is difficult

to assess with standard anteroposterior, lateral, and mortise

views of the ankle; thus, radiologic measurement of coronal

translation may be inadequate to accurately diagnose syn-

desmotic injury. In contrast, 4 included studies demonstrated

significant increases in posterior translation of the fibula in

response to external rotational forces with syndesmotic

injury.6,8,15,19 An excluded study by Patel et al24 also vali-

dates posterior translation as a marker for syndesmosis

injury in response to inversional loading. These findings

suggest that posterior translation of the fibula during a stress

examination must be considered alongside coronal plane

diastasis and fibular rotation when evaluating for syndesmo-

tic injury.

Syndesmosis repair using suture button constructs in

the plane of the IOL has steadily gained popularity in

recent years. Yet, this fixation method is associated with

instability to external rotation as compared to screw fixa-

tion and native ankle physiology.10,18 Screw fixation has

been used for syndesmotic instability for decades, but it is

associated with several drawbacks, including overcon-

straint of the joint and incidence of hardware failure

requiring reoperation. Newer fixation methods using

suture button constructs in anatomic configurations may

be better suited to restoring native biomechanics with

long-term dynamic stabilization of the syndesmosis. Find-

ings from this systematic review summarize the cumula-

tive biomechanical data available that defines the

syndesmosis to our knowledge. Based on data presented

above, the optimal restraint to syndesmosis displacement

may be best accomplished with fixation along the planes

of the AITFL and IOL when stability to external rotation

is required, and repair in the planes of the superficial

PITFL and IOL when stability in internal rotation is

required. As there are only very small displacements in

all planes that occur in a normal tibiofibular joint during

weightbearing, stabilizing the planes of the AITFL, IOL,

and PITFL may provide the best biomechanical con-

struct.5 However, further biomechanical testing compar-

ing anatomic vs partial or nonanatomic fixation strategies

would be required to substantiate this.

Limitations

This review included all human cadaver studies examining

biomechanics of the distal tibiofibular syndesmosis, result-

ing in a small number of total studies included. Additionally,

some articles may not have been identified with the given

search strategy or exclusion criteria. The included cadaveric

biomechanical studies exhibited considerable variation in

experimental design and biomechanical testing methodology

in addition to variations in baseline demographics of the
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Figure 3. Bar chart depicting (A) mean ligament strength (N) and
(B) mean ligament stiffness (N/m). AITFL, anteroinferior tibiofibular
ligament; IOL, interosseous ligament; PITFL, posteroinferior tibio-
fibular ligament.
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Table 2. Individual Ligament Contributions to Resistance in Translation and Rotation.

Study, Year
Number of
Specimens

Mean Age,
y (Range) Loading Parameters Outcome Measures Result

Clanton et al,
20178

16 (8 matched
pairs)

52
(38-64)

Foot externally rotated
15 degrees, internally
rotated 10 degrees
while under 750
N compressive load.

Specimens tested in intact
state and after sequential
sectioning of ligaments.

Percentage decrease
in external and
internal rotation
torque with
sequential
sectioning of
ligaments.

% Decrease in ER torque
(95% CI):

Intact state torque ¼ 10.5 Nm
AITFL ¼ 24% (14, 34)
IOL ¼ 35% (24, 46)
Deep PITFL ¼ 39% (28, 50)
Superficial PITFL ¼ 54% (28, 80)
% Decrease in IR torque

(95% CI):
Intact state torque ¼ 11.6 Nm
AITFL ¼ 6% (4, 7)
IOL ¼ 9% (5, 12) Deep
PITFL ¼ 11% (7, 15)
Superficial PITFL ¼ 26% (20, 31)

D’hooghe et al,
20199

16 Mean age not
given

(58-74)

4-mm diastasis created in
the intact state and after
sequential sectioning of
ligaments.

Force required to
create 4-mm
diastasis

Mean force values
Intact ¼ 127.5 N
AITFL sectioned ¼ 105.3 N
þ IOL sectioned ¼ 57.6 N
þ PITFL sectioned ¼ 54.3 N

Ogilvie-Harris
et al, 199423

8 NA Lateral force applied to
fibula in order to create
2 mm diastasis in the
intact state and after
sequential sectioning of
ligaments.

Percentage reduction
in force required to
create 2 mm
diastasis.

% decrease in force
AITFL ¼ 35.5% + 3.9%
IOL ¼ 21.6% + 2.6% Deep
PITFL ¼ 32.7% + 9.2%
Superficial PITFL ¼ 8.7% + 2.9%

Abbreviations: AITFL, anteroinferior tibiofibular ligament; CI, confidence interval; ER, external rotation; IOL, interosseous ligament; IR, internal rotation;
NA, not available; PITFL, posteroinferior tibiofibular ligament.
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specimens themselves. However, most studies applied

similar loading parameters (axial, rotational, and com-

bined loading) and reported similar outcome measures

as seen in Tables 1 to 3 above. Although the magnitude

of measured syndesmotic translation and rotation varied

between studies, a consistent trend was seen in that each

syndesmotic ligament is the primary constraint for

different loading patterns as described above. Finally, the

included studies exhibited variation in methods used to

determine displacement after ligament transection. This

variation identifies a potential topic for further study, as

accurate diagnosis of syndesmotic injury patterns is yet to

be optimized and these difficult injuries are frequently

missed or misdiagnosed.

Table 3. Biomechanical Evaluation of Clinical and Intraoperative Stress Tests.

Study, Year
Number of
Specimens

Mean Age, y
(Range) Loading Parameters

Outcome
Measures Result

Beumer et al,
20033

17 78.4 + 6.7 Clinical stress tests (squeeze,
Cotton, external rotation,
anterior drawer)
performed in the intact
state and after sequential
sectioning of AITFL, ADL,
PITFL

Diastasis
measured at
anterior
syndesmosis.

Squeeze test:
Intact ¼ 0.03 + 0.06 mm
AITFL sectioned ¼ 0.36 + 0.20 mm
AITFL þ ADL þ PITFL

sectioned ¼ 0.33 + 0.12 mm
Cotton test:
Intact ¼ 0.23 + 0.05 mm
AITFL sectioned ¼ 0.37 + 0.05 mm
AITFL þ ADL þ PITFL

sectioned ¼ 0.56 + 0.08 mm
External rotation stress test:
Intact ¼ 0.83 + 0.10 mm
AITFL sectioned ¼ 1.77 + 0.31 mm
AITFL þ ADL þ PITFL

sectioned ¼ 2.13 + 0.23 mm
Massri-Pugin

et al,
201720

14 59
(23-82)

100 N lateral force applied
to the fibula 5 cm proximal
to the ankle mortise.

Specimens tested in the
intact state and after
sequential sectioning of
ligaments in the anterior
to posterior (AP)
direction and in the
posterior to anterior (PA)
direction.

Diastasis
measured at
the anterior
syndesmosis.

AP:
Intact ¼ 2.0 + 1.5 mm
AITFL sectioned ¼ 2.3 + 1.8 mm
þIOL sectioned ¼ 2.7
+PITFL sectioned ¼ 3.4 + 1.8 mm
PA:
Intact ¼ 1.2 + 0.6 mm
PITFL sectioned ¼ 1.4
+ 0.9 mm þIOL sectioned ¼

1.7 + 1.1 mm
þAITFL sectioned ¼ 2.0 + 1.4 mm

Abbreviations: ADL, anterior deltoid ligament; AITFL, anteroinferior tibiofibular ligament; CI, confidence interval; IOL, interosseous ligament; PITFL,
posteroinferior tibiofibular ligament.

Table 4. Complete Results of QUACS Scoring by Criteria.

Author 1 2 3 4 5 6 7 8 9 10 11 12 13 Total %

Beumer et al3 1 1 1 1 1 1 1 1 1 1 1 1 0 12/13 92.3
Beumer et al4 1 1 1 1 0 0 1 1 1 0 1 1 1 10/13 76.9
Burssens et al6 1 1 1 1 1 0 1 1 1 1 1 1 1 12/13 92.3
Clanton et al8 1 1 1 1 0 1 1 1 1 1 1 1 1 12/13 92.3
D’Hooghe et al9 1 1 1 0 1 0 1 1 1 1 1 1 1 11/13 84.6
Hoefnagels et al14 1 1 1 1 0 0 1 1 1 1 1 1 1 11/13 84.6
Hu et al15 1 1 1 1 0 0 1 1 1 1 1 1 1 11/13 84.6
Markolf et al19 1 0 1 1 0 0 1 1 1 1 1 1 1 10/13 76.9
Massri-Pugin et al20 1 1 1 1 0 0 1 1 1 1 1 1 1 11/13 84.6
Ogilvie-Harris et al23 1 1 1 1 0 0 1 0 1 1 1 1 0 9/13 69.2
Rasmussen et al25 1 0 1 0 0 0 1 1 N/A 0 1 1 0 6/12 50
Xenos et al27 1 1 1 1 1 1 1 1 1 1 1 1 1 13/13 100

Abbreviation: QUACS, Quality Assessment for Cadaveric Studies.
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Conclusion

Treatment of distal tibiofibular syndesmosis injuries has

developed in the last decade, sparking a controversy in deter-

mining optimal treatment modalities. Current fixation tech-

niques focus on repair in the plane of the IOL. However,

biomechanical evidence presented in this review suggest that

the AITFL and, to a lesser extent, the PITFL play stabilizing

roles alongside the IOL and present targets for anatomic

repairs. Findings from this systematic review can be used

to guide the development of novel approaches to syndesmo-

sis repair with the aim to provide the most biomechanically

advantageous repair.
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Appendix A

Complete Results of Quality Assessment for Cadaveric

Studies (QUACS) Scoring

Quality Assessment for Cadaveric Studies Criteria

1. Objective is clearly stated.

2. Basic information about the sample is included

(age, gender, and sample size).

3. Applied methods are described comprehensibly.

4. Study reports condition of the examined specimens.

5. Education of dissecting researchers is stated.

6. Findings are observed by more than one researcher.

7. Results presented thoroughly and precisely.

8. Statistical methods are appropriate.

9. Details about consistency of findings are given.

10. Photographs of the observations are included.

11. Study is discussed within the context of the current

evidence.

12. Clinical implications of the results are discussed.

13. Limitations of the study are addressed.

Each criteria is scored as 0 (unfulfilled) or 1 (fulfilled) and

the overall score is taken as a percentage of the total possible

score. In some cases, assessment of statistical methods (8) is

not applicable.
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