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Abstract

Purpose The proximal tibiofibular joint (PTFJ) is a rather unknown articulation. There is little understanding of its anatomy,
physiology, and functional role. The objectives of this research are to describe the normal kinematics of the PTFJ and its
relation to the ankle and knee movements.

Methods Fourteen knees of seven adult fresh frozen whole body cadavers were studied. The proximal tibiofibular joint
and ligaments were identified, after which we sequentially sectioned the anterior proximal tibiofibular ligament (APTFL),
the posterior proximal tibiofibular ligament (PPTFL), and the interosseous syndesmotic membrane. Models with intact
and sectioned ligaments were compared, while the unloaded lower limb was manually mobilized in a pre-defined sequence
of combined movements of knee, ankle, and proximal tibiofibular joints. The PTFJ spatial displacement was measured by
analyzing the length of a distance vector between two 3D coordinate systems settled over the tibia and fibula.

Results On the unaltered PTFJ, direct grasping of the head of the fibula with the hip in 45° of flexion and the knee in 90°
of flexion was found to produce an average displacement of 7 mm. Knee movements caused the greatest spatial displace-
ments, almost ten times the ones produced by ankle flexion/extension. Flexion/extension of the knee caused 1.8 times more
displacement than single rotations with the knee flexed to 90°. It was found that the APTFL was an important stabilizer of
the PTFJ when this joint is tensioned accommodating the movements of ankle extension and foot eversion. The APTFL was
not a significant stabilizer of the PTFJ during direct manipulation of the fibular head when imprinting a manual force with
posterior direction. The PPTFL was an important accommodator of ankle flexion, foot inversion and knee flexion. The interos-
seous syndesmotic membrane also proved to be a significant PTFJ stabilizer in rotational movements of the ankle and knee.
Conclusions This is the first cadaver study to illustrate the PTFJ normal spatial displacement, thereby contributing to a deeper
insight of this joint. The contribution of each ligament for PTFJ stability was described and, based on these findings; a new
mechanism of injury was suggested. Surgeons can translate the results of this study into the clinical practice.
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Abbreviations Introduction

PTFJ Proximal tibiofibular joint

Distal TFJ Distal tibiofibular joint The proximal tibiofibular joint (PTFJ) is a rather unknown
APTFL Anterior proximal tibiofibular ligament articulation. There is little understanding of its anatomy,
PPTFL Posterior proximal tibiofibular ligament physiology and functional role. It is the subject of only a
IOSM Interosseous syndesmotic membrane few publications, seldom discussed in the literature as the
ROM Range of motion cause of knee dysfunctions [8].

Most of the published literature on this field emphasizes
the variability of this joint’s anatomy across individuals.
PTF]J is described as an arthrodial joint surrounded by a
fibrous capsule and two prominent ligaments, the anterior
proximal tibiofibular ligament (APTFL) and the posterior
proximal tibiofibular ligament (PPTFL). The anterior liga-
ment is described in the literature as thicker and stronger,
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consisting of three bands, while the posterior ligament is a
single broad band [1, 11, 12].

Barnett and Napier were the first to describe the PTFJ
using four variables: (1) inclination angle; (2) articular
surface area; (3) concavity; and (4) articular surface shape
[2]. Later, Ogden developed a simpler classification that is
currently the most widely used and arbitrarily classifies the
articulations with less than 20° as horizontal and those with
more than 20° as oblique [14-16].

On other attempts to further characterize the PTFJ
Eichenblat and Nathan developed a morphological classi-
fication of the PTFJ with seven categories finding the plane
joint to be more frequent [6].

Conflicting evidence was found by Espregueira-Mendes
in a series of 20 specimens, with a majority (17) of oblique
joints, 70% of which classified as trochoid according to its
morphology [7].

The anatomical variants are believed to explain differ-
ent biomechanical behaviors and to be implicated in both
physiologic and pathologic movements. Barnett and Napier
effectively demonstrated an association of the horizontal
morphology with more rotational mobility [2].

Likewise, Ogden has shown that oblique joints have
smaller articular surface areas decreasing mobility and
reducing the joint’s ability to accommodate torsional forces.
In contrast, the horizontal joints enable greater flexibility
and are, therefore, less prone to injury [14—16].

Considering the biomechanical behavior, Ogden under-
stood the PTFJ as an “accomodatory joint” with three pri-
mary functions (1) dissipation of torsional forces applied to
the ankle, (2) dissipation of lateral tibial bending moments,
and (3) tensile, rather than compressive weight bearing
[14-16]. Naturally, movements of the knee and ankle will
lead to the movements of the PTFJ in multiple planes. When
the ankle is dorsiflexed, the fibula must externally rotate to
accommodate the rotation of the talus and the changing of
the inclination of the dorsiflexion axis [2]. Likewise, when
the knee moves from flexion to extension the fibular head is
pulled to posterior as the biceps femoris and lateral collateral
ligament become taut.

This is consistent to Ogdens’s proposed mechanism of
injury in which a sudden inversion and plantar flexion of the
foot with simultaneous flexion of the knee and concomitant
twisting of the body would cause a relative external rotation
torque of the tibia, pulling the PTFJ laterally and forward
[17].

Although most authors agree on that the fibula rotates
along its longitudinal axis during ankle and knee movements
[10, 19], recent studies have show that both internal and
external rotations are possible depending on the anatomy of
the specimens studied [3].

In this complex and little understood kinematics, we
must consider a secondary component of the PTFJ, the
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interosseous syndesmotic membrane (IOSM) that spans
the space between the tibia and fibula [4]. This ligamentous
structure consists of differently oriented fibers providing a
rigid support between the two bones, acting as a stabilizer of
the PTFIJ. It has been reported that the IOSM is capable of
withstanding different tensile forces depending on the direc-
tion of the applied load, 164 N if the load is perpendicular
and 3604 N if the load is parallel to the direction of the
main fiber bundles [13]. Identical to the PTF]J, there is still
incomplete knowledge regarding the function of the [OSM.

A thorough understanding of the behavior of these struc-
tures is important when evaluating both the physiology and
pathology of specific knee injuries. Of particular interest
is the clinical condition of proximal tibiofibular instability
which is so often under recognized and seems to be a pos-
sible cause of chronic lateral knee pain in athletes [5, 9, 17,
18].

Acknowledging all, to study the mobility of the PTFJ, a
3D kinematic analysis must be considered. Therefore, this
study aimed to analyze the 3D displacement of the PTFJ
in whole fresh frozen cadaver specimens by measuring the
total spatial displacement of the head of the fibula in relation
to the tibia for each foot, ankle, and knee position to evaluate
the hypothesis that PTFJ mobility was influenced by adja-
cent joints position and its ligaments integrity.

A deeper insight of the PTFJ normal kinematics will
hopefully help clinicians understand its pathology and plan
successful treatments.

Materials and methods

Seven adult fresh frozen whole-body cadavers were studied,
14 knees from 3 men and 4 women, with ages between 62
and 83 years old, and a median height of 161 cm.

Each specimen was positioned in supine on a non-metal-
lic table during the entire study.

The knee and leg were dissected. A lateral approach
was used and the iliotibial band was reflected anteriorly. It
preserved the biceps femoris tendon, lateral collateral liga-
ment, and popliteus tendon insertions on the fibular head.
The proximal tibiofibular joint and ligaments were identified
and the injury was sequentially created by sectioning the
anterior proximal tibiofibular ligament (APTFL), the poste-
rior proximal tibiofibular ligament (PPTFL), and the inter-
osseous syndesmotic membrane (IOSM) until the superior
border of the distal tibiofibular transverse ligament. Follow-
ing experimental testing, the tibia and fibula were disarticu-
lated exposing the articular surfaces to enable macroscopic
inspection and anatomic classification.

To enable the measurement of the relative position and
orientation of the studied segments bony landmarks, 3D
coordinates were measured on the skin with feet hip-width
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apart using an electromagnetic system trakSTAR with a
reported static accuracy of 0.5° and 1.8 mm (Ascension
Technology, Burlington, Vermont) and the Motion Moni-
tor software (Innovative Sports Training, Chicago, IL).

Bony landmarks 3D coordinates were measured with
an acrylic-digitizing stylus. Its tip offsets were calculated
using a custom calibration grid, obtaining a root-mean-
square error of less than 1 mm. The choice of bony land-
marks and segments’ local coordinate systems definition
was based on the recommendations of the International
Society of Biomechanics [20].

Then, six electromagnetic sensors were rigidly fixed
through 2 mm-diameter transcortical pins to the pelvic
anterior—superior iliac spine, patella center, femoral lateral
epicondyle, tibial crest, fibular head, and lateral calcaneus
by the same team of two experienced orthopedic surgeons.

The lower limb was manually mobilized according to
an established sequence of movements of knee, ankle and
proximal tibiofibular joints. Table 1 describes the relative
orientation of the joints and the sequence of movements
produced, as illustrated in Fig. 1.

The passive motion of the lower limb was repeated and
registered for four different conditions:

Intact lower limb.

After anterior proximal tibiofibular ligament section.
After posterior proximal tibiofibular ligament section.
After interosseous syndesmotic membrane section.

N

Table 1 Sequence of passive joint movements applied

Hip at 90°, knee at 90°  Ankle flexion =>ankle extension =foot

inversion = foot eversion

Knee internal rotation = knee external
rotation

Hip at 90°
Hip at 45°, Knee at 90°

Knee flexion = knee extension
PTFJ anterior glide = PTFJ posterior glide

Each mobilization was repeated for four trials exploring
full ROM (Fig. 2). During each range of motion (ROM)
tested, the Motion Monitor 3D kinematic biofeedback was
used to ensure that the tasks were performed in the expected
joint angles.

The fibula and tibia motions were tracked. The systems
used enabled us to track the six synchronized sensors with a
sampling rate of 100 Hz per sensor.

Three-dimensional angular rotations as sequential rota-
tions about each of the three anatomical axes were described
using Euler angles throughout the passive joint movements,
as described in Table 1 [20]. The latter angles allowed us
to define the two exact time frames in which each pair of
applied movements (e.g., ankle flexion and ankle extension)
reached the maximum joint angles in the respective joint.
PTFJ displacement was defined as the Euclidean length of
the distance vector between the fibula head bony landmark
3D coordinates and the tibia coordinate system in each time
frame.

Approval was obtained from the Institutional Review
Board of Universidade Nova de Lisboa—Faculdade de Cién-
cias Médicas (IRB 3112013) prior to initiation of this study.

Statistical analysis

Statistical analysis was conducted using SPSS Statistics
version 20.0 and statistical significance was accepted at
p <0.05. The limited sample size determined the use of
non-parametric tests. The studied variables were evalu-
ated using the Wilcoxon test for matched samples and the
Kruskal-Wallis test for independent samples.

Results

Anatomically, 12 of the joints were plane and 2 were tro-
choid. All were classifiable as oblique according to the
classification of Ogden, evaluating the inclination of the

Fig. 1 Experimental setup, manual mobilization of the specimen with sensors in place
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Fig. 2 Kinematic reconstruc-
tion. Up: the image shows the
six 3D coordinate systems cre-
ated and the spatial dislocation
between them for a particular
joint movement. At bottom:
graphic representation of a
range of motion, showing the
maximal displacement of the
fibular head in relation to the
tibia during two repetitions of
a range of motion (x/y—time/
distance)

articular surface. No macroscopic signs for osteoarthritic
changes were found in any of the PTFJ evaluated.

Results are summarized in Table 2. The presented values
represent multiplanar spatial deviation between two coor-
dinate systems. The values are expressed in length (mm) of
the distance vectors between the 3D coordinate system of the
fibular head and the 3D coordinate system of the tibia and
quantify 3D mobility for every movement tested.

Intact PTFJ)

It is worth noting that knee flexion and extension and knee
rotations were responsible for the highest average PTFJ spa-
tial displacements. Foot inversion and eversion produced
wider displacements than ankle flexion or extension on
average.

The manipulation of the PTFJ with manual force
imprinted in the posterior direction caused an average
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spatial mobility identical to the one obtained by the oppo-
site movement in anterior direction.

Post APTFL section

The section of the APTFL produced a significant increase
of tibiofibular mobility for the movements of ankle exten-
sion (p <0.05), foot eversion (p < 0.05), knee internal, and
external rotations (p <0.01).

Interestingly, during knee extension, the tibiofibular
mobility with the APTFL sectioned was significantly infe-
rior (mean 37.7 mm, SD 24.6 mm) (p <0.05).

We did not, moreover, find the section of the APTFL to
cause significant difference in the tibiofibular motion when
a manual force was imprinted over the fibular head on the
anterior or posterior directions.
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Table 2 Proximal tibiofibular mobility

Intact PTFJ (dis-  APTFL section Comparison with ~ APTFL + PPTFL ~ Comparison with ~ APTFL +PPTFL+I0OSM  Comparison with
placement mm) (displacement intact joint (p section (displace-  intact joint (p section (displacement intact joint (p value)
Average (SD) mm) value) ment mm) value) mm)
Average (SD) Average (SD) Average (SD)
Hip at 90°, knee at 90°
Ankle ext. 46+19 62+1.7 0.041 7.6+34 0.041 9.9+5.7 0.026
Ankle flex 55+32 7.4+3.6 ns 8.1+£3.6 0.041 10.1+£5.7 ns
Foot eversion 7.8+4.8 10.4+5.4 0.019 8.7+4.1 ns 13.9+10.3 0.016
Foot inversion 6.7+5.3 8.4+4.0 ns 9.5+5.0 ns 13.6+10.7 0.019
Knee ext. rot 25.4+8.5 33.1+89 0.002 35.1+£6.8 0.002 34.9+8.5 0.013
Knee int. rot 242+73 32.4+8.7 0.002 343+7.0 0.001 35.7+9.6 0.011
Hip at 90°
Knee ext. 4734242 37.7+£24.6 0.016 4234292 ns 65.2+82.5 ns
Knee flex 38.3+20.6 37.5+30.0 ns 43.6+35.0 ns 65.5+87.2 ns
Hip at 45°, knee at 90°
TFJ anterior 77145 9.5+4.1 ns 13.4+11.7 0.002 30.6+42.0 0.002
glide
TFJ posterior 7.7+4.7 9.3+4.1 ns 13.8+11.3 0.004 31.2+42.7 0.004
glide

The length of measured spatial dislocation of the PTFJ with each segment manipulation is shown in mm. The statistical analysis between Intact

joint and lesions created is shown

APTFL anterior proximal tibiofibular ligament, PPTFL posterior proximal tibiofibular ligament, /OSM interosseous syndesmotic membrane, ext.

extension, flex flexion, rot. rotation

Post APTFL + PPTFL section

The cumulative section of the APTFL and PPTFL accounted
for a significant increase in the tibiofibular motion as com-
pared to the intact state for the movements of ankle exten-
sion, ankle flexion, knee internal and external rotations
(»<0.05, p<0.05, p<0.01, p<0.01, respectively).

With both APTFL and PPTFL separated, foot eversion
and foot inversion did no longer significantly change the
tibiofibular motion and the same was for knee flexion and
extension.

In this condition of both APTFL and PPTFL separated,
fibular head manual manipulation in both anterior and poste-
rior directions, caused a significant increase in the tibiofibu-
lar mobility (p <0.01).

Post APTFL + PPTFL + I0SM section

When the IOSM lesion was associated with both APTFL and
PPTFL, ankle flexion did not produce a significant change
in tibiofibular motion.

On the contrary, foot eversion and foot inversion could
now produce a significantly increased tibiofibular displace-
ment (p <0.05).

Knee flexion and extension did not produce significantly
different mobility but knee internal rotation and knee exter-
nal rotation maintained the ability to further increase sig-
nificantly the 3D tibiofibular spatial displacement (p <0.05).

The cumulative lesion of the IOSM increased signifi-
cantly the tibiofibular motion elicited by manual manipu-
lation of the fibular head that reached in this condition
average values of 31.2 mm (SD +42.7) (force applied pos-
teriorly) and 30.6 mm (SD +42.0) (force applied anteriorly)
(»<0.01).

Discussion

The most important finding of the present study was the
characterization of the 3D displacement of the PTFJ when
manual mobilizing the unloaded inferior limb, which
unveiled the contribution of each ligament structure to the
stability of the PTFJ and the influence of each knee, ankle
and foot movement over the mobility of this joint.

All included PTFJ were found to be oblique of which 12
were classified as plane and 2 as trochoid. This is in accord-
ance with the literature considering the Ogden classification
but more apart in terms of the morphological type. This can
be explained by the small sample size and possible inter-
observer variability.

Analyzing the 3D displacement of the fibular head in
relation to the tibia, we found interesting data. In the intact
PTF]J, knee flexion/extension caused almost ten times more
joint mobility than ankle flexion/extension. Flexion/exten-
sion of the knee caused 1.8 times more displacement than
single rotations with the knee flexed to 90°. In addition, with
the knee at 90° of flexion, it was found that a displacement of
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7.7 mm on average could be reproduced by manual manipu-
lation of the head of the fibula.

We also could observe that the APTFL is an important
stabilizer of the PTFJ when this joint is tensioned accommo-
dating the movements of ankle extension and foot eversion.
It also plays a significant role in stabilizing the joint during
knee internal and external rotations.

Interestingly, the APTFJ ligament did not appear to be
a significant stabilizer of the PTFJ when this is subject to
application of a manual posteriorly directed force. This find-
ing was previously unknown. It is useful to compare it with
published literature that describes the APTFL complex as
stronger and with more ligamentous area than the PPTFL
complex [12]. Probably this finding reflects that isolated
injury of the APTFL is not sufficient to alter the kinematics
in the presence of the other stabilizers integrity.

Most of the understanding of the PTFJ lesions is based
on the descriptions of case reports and the extrapolated data
of anatomic and biomechanical studies.

Ogden described the mechanism of lesion of the PTFJ
as the result of a sudden inversion and plantar flexion of the
foot, with simultaneous flexion of the knee and concomi-
tant twisting of the limb, causing a relative external rota-
tory torque of the tibia on the foot which is already fixed in
inversion [14-16].

Based in the present analysis of tibiofibular 3D displace-
ment, Ogden’s theory is suggested to be consistent with the
lesion mechanism of the PPTFL. In fact, the movements of
ankle flexion, foot inversion and knee flexion do not sig-
nificantly change the tibiofibular displacement when the
PPTFL is intact. After its injury, however, these movements
are shown to produce significant change.

On the other hand, the mechanism of injury of the APTFJ
is proposed to be a different one.

The ankle extension and foot eversion are the movements
restrained by the APTFL, according to the data found.

Moreover, when APTFL is sectioned, knee extension
causes less overall 3D displacement of the PTFJ comparing
to the intact joint. This suggests that in the intact joint, full
extension of the knee fully recruits the APTFL producing
maximal excursion of the joint.

Therefore, when knee extension occurs simultaneously
with forced ankle extension and foot eversion what occurs is
recruitment of the PTFJ, maximal tensioning of the restrain-
ing APTFL and eventually injury. This could then be con-
sidered as a possible lesion mechanism of the anterior liga-
ment complex, in a movement similar to the reception of a
soccer ball and ball control, the opposite of that described
by Ogden.

Another important finding of this study accounts for the
rotation stability of the PTFJ. We found that both APTFL
and PPTFL are important stabilizers of rotation with the
knee flexed at 90°, when biceps femoris and lateral collateral
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ligaments are relaxed. The IOSM also proved to be a signifi-
cant stabilizer of the PTFJ during rotational movements of
the ankle and knee, which is a new finding.

This current study has some limitations. The lesions
were modeled as progressively cumulative. Therefore, with
this study design, we could not evaluate the contribution
of each single lesion for the results attained. However, we
could characterize the normal displacement of the PTFJ and
evaluate the significance of the progressive instability.

Other limitation of this study is that the limb was not
loaded during the experiments and we might speculate
that this condition could have unveiled other aspects of
the behavior of the PTFJ. More biomechanical studies are
needed that can explore the effect of axial loading over this
joint mobility and its clinical relevance.

Finally, there is a limit to the clinical extrapolation of
the experimental cadaver studies. Additional in vivo instru-
mented trials are needed to evaluate the clinical aspects of
patients suffering PTFJ lesions.

Despite this, to the best of the authors’ knowledge this
is the first cadaver study to unveil the PTFJ normal 3D dis-
placement, and evaluate the effect of conjoined lower limb
joint movements over PTFJ spatial behavior.

A deeper knowledge of these joint will help the clinician
focus in injury evaluation when managing PTFJ instabil-
ity. In particular, knowing the contribution of each ligament
structure and understanding the injury pattern will be useful
when considering a repair of PTFJ.

Conclusion

The PTFJ behaves as an accommodation joint with a mobil-
ity pattern closely determined by the mobility of the adja-
cent knee and ankle joints. The APTFL stabilizes the joint
when it is subject to movements of ankle extension and foot
eversion and the PPTFL act as stabilizer when the joint is
tensioned by ankle flexion, foot inversion and knee flexion.

Both ligaments as well as the interosseous syndesmotic
membrane play a significant role in rotational stability of
this joint.
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