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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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high-energy mechanisms, usually in external rotation or
hyperdorsiflexion.?? These injuries have been seen, as well,
in high-level athletes with long associated recovery times.*?
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.'”> Williams et al*® 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.*® The fibers insert on the anterior margin of
the lateral malleolus, 30.5 mm superior to the inferior tip
of the lateral malleolus.”® Bartonicek et al' 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.'® 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.'> 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.'?
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.'® 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.'! 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."'

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).

It is vital to consider the biomechanics of individual
syndesmotic ligaments when considering targets for repair.'*
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
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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.”'®!7-21:2% Ope article by Beumer et al® was
excluded for not defining loads applied to the studied speci-
mens. Notably, another study by Beumer et al® 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.*'* 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.®3!1%1925:27 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 al'®),
1.00 mm lateral translation (Xenos et al*’), 3.6 degrees of
external rotation (Burssens et al®), and 1.4 degrees of inter-
nal rotation (Clanton et al®). Clanton et al® 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.**>7 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.”'>?* The results of
these investigations are shown below in Table 2. Clanton
et al® 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 al*> 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.*'® 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
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Figure 2. Preferred Reporting Systems for Systematic Reviews and Meta Analyses (PRISMA) Diagram.

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.®*'>!? 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 Hoefnagels'* and Beumer et al* demonstrate
the superior mechanical stiffness and strength of the IOL as
compared to the AITFL and PITFL."* 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.*'* Results of
sequential sectioning studies performed by Clanton et al,®
Ogilvie-Harris et al,> and D’Hooghe et al’® demonstrate
significant variability in results based on the order in which
ligaments were sectioned.'® The considerable variability in
individual ligament contributions to resistance identify a
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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.

need for further standardized evaluation. Some variability
can be explained by sequential cutting in the anteroposterior
direction performed by D’Hooghe et al,’ whereas
Ogilvie-Harris et al*® 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 al® demonstrated that the AITFL plays a dominant
role in stabilizing external rotational forces, with the PITFL
complex predominantly stabilizing internal rotation.
Ogilvie-Harris et al*® 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 al'* and Beumer et al*
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 al*® 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.”” Arthroscopic findings by Massri-Pugin et al*°
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.®®131? An excluded study by Patel et al** 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.'®'® 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.” 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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Table 2. Individual Ligament Contributions to Resistance in Translation and Rotation.

Number of Mean Age,
Study, Year Specimens y (Range)  Loading Parameters Outcome Measures  Result
Clanton et al, 16 (8 matched 52 Foot externally rotated Percentage decrease % Decrease in ER torque
20178 pairs) (38-64) |5 degrees, internally in external and (95% Cl):
rotated 10 degrees internal rotation Intact state torque = 0.5 Nm
while under 750 torque with AITFL = 24% (14, 34)
N compressive load. sequential IOL = 35% (24, 46)
Specimens tested in intact sectioning of Deep PITFL = 39% (28, 50)
state and after sequential  ligaments. Superficial PITFL = 54% (28, 80)
sectioning of ligaments. % Decrease in IR torque
(95% Cl):
Intact state torque = | 1.6 Nm
AITFL = 6% (4, 7)
IOL = 9% (5, 12) Deep
PITFL = 11% (7, 15)
Superficial PITFL = 26% (20, 31)
D’hooghe etal, 16 Mean age not 4-mm diastasis created in  Force required to Mean force values
2019° given the intact state and after create 4-mm Intact = 127.5 N
(58-74) sequential sectioning of diastasis AITFL sectioned = 105.3 N
ligaments. + IOL sectioned = 57.6 N
+ PITFL sectioned = 543 N
Ogilvie-Harris 8 NA Lateral force applied to Percentage reduction % decrease in force

in force required to
create 2 mm
diastasis.

fibula in order to create
2 mm diastasis in the
intact state and after
sequential sectioning of
ligaments.

et al, 19943

AITFL = 35.5% + 3.9%

IOL = 21.6% + 2.6% Deep
PITFL = 32.7% + 9.2%
Superficial PITFL = 8.7% + 2.9%

Abbreviations: AITFL, anteroinferior tibiofibular ligament; Cl, confidence interval; ER, external rotation; IOL, interosseous ligament; IR, internal rotation;

NA, not available; PITFL, posteroinferior tibiofibular ligament.

External Rotation of Fibula after Sequential
Sectioning of Syndemotic Ligaments
8
m 7 &9
3 6
: 506 577
S 5
s 44 43 45
o 4
&~ 3%
S o 28
g 2
>
Mo
0
Intact AITFL DL sectioned IOL dPITFL
sectioned sectioned sectioned
Burssens 2020 Clanton 2016

44

sPITFL
sectioned

Figure 4. External rotation of the fibula under loading after sequential sectioning of syndesmotic ligaments. AITFL, anteroinferior
tibiofibular ligament; DL, anterior deltoid ligament; dPITFL, deep posteroinferior tibiofibular ligament; sPITFL, superficial posteroinferior

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

Number of
Specimens

Mean Age, y

Study, Year (Range) Loading Parameters

Outcome

Measures Result

Beumeretal, 17
20033
anterior drawer)

performed in the intact
state and after sequential
sectioning of AITFL, ADL,

PITFL

Massri-Pugin 14 59 100 N lateral force applied
et al, (23-82) to the fibula 5 cm proximal
2017%° 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.

784 + 6.7 Clinical stress tests (squeeze, Diastasis
Cotton, external rotation,

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

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

sectioned = 0.56 + 0.08 mm
External rotation stress test:
Intact = 0.83 + 0.10 mm
AITFL sectioned = 1.77 + 031 mm
AITFL + ADL + PITFL

sectioned = 2.13 + 0.23 mm
AP:
Intact = 2.0 + 1.5 mm
AITFL sectioned = 2.3 + |.8 mm
+IOL sectioned = 2.7
+ PITFL sectioned = 3.4 + 1.8 mm
PA:
Intact = 1.2 + 0.6 mm
PITFL sectioned = 1.4
+ 0.9 mm +IOL sectioned =

1.7 + 1.1 mm
+AITFL sectioned = 2.0 + 1.4 mm

measured at
anterior
syndesmosis.

Diastasis
measured at
the anterior
syndesmosis.

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

posteroinferior tibiofibular ligament.

Table 4. Complete Results of QUACS Scoring by Criteria.

Author I 2 3 4 5 6 7 8 9 10 I 12 13 Total %
Beumer et al® I I I I I I I I I | I | 0 12/13 92.3
Beumer et al* I I I I 0 0 I I I 0 I | I 10/13 76.9
Burssens et al® I I I I I 0 I I I | I | I 12/13 92.3
Clanton et al® I I I I 0 I I I I | I | I 12/13 92.3
D’Hooghe et al’ I I I 0 I 0 I I I | I | I /13 84.6
Hoefnagels et al'* I I I I 0 0 I I I | I | I /13 84.6
Hu et al'® I I I I 0 0 I I I I I I I 11/13 84.6
Markolf et al'’ I 0 I I 0 0 I I I | I | I 10/13 76.9
Massri-Pugin et al*° I I I I 0 0 I I I | I | I /13 84.6
Ogilvie-Harris et al* I I I I 0 o0 I 0 I | I | 0 9/13 69.2
Rasmussen et al*® I 0 I 0 0 0 I I N/A 0 I | 0 6/12 50
Xenos et al?’ I I I I I I I I I I I I I 13/13 100

Abbreviation: QUACS, Quality Assessment for Cadaveric Studies.

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.
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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 7. Results presented thoroughly and precisely.

) ) 8. Statistical methods are appropriate.

Complete Results of Quality Assessment for Cadaveric 9 Details about consistency of findines are given.

Studies (QUACS) Scoring 10.  Ph Yo £ &

) i ) L . otographs of the observations are included.

Quality Assessment for Cadaveric Studies Criteria 11. Study is discussed within the context of the current
evidence.

1. Objective is clearly stated. 12. Clinical implications of the results are discussed.
2. Basic information about the sample is included 13. Limitations of the study are addressed.

(age, gender, and sample size).
3. Applied methods are described comprehensibly. Each criteria is scored as 0 (unfulfilled) or 1 (fulfilled) and
4. Study reports condition of the examined specimens. the overall score is taken as a percentage of the total possible
5. Education of dissecting researchers is stated. score. In some cases, assessment of statistical methods (8) is
6. Findings are observed by more than one researcher. not applicable.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


