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Abstract

Background: Talus fractures are rare (<1% of all fractures), and their rarity limits the number of
studies available to guide management. In instances such as this, cadaveric studies can play an
important role. The purpose of this scoping review was to identify and describe the current body

of literature on cadaveric studies of fractures of the talus.

Methods: Through multiple electronic database searches (Medline, Embase, Scopus) we
identified a broad body of cadaveric research into talus fractures, and these were classified into
4 main themes. Study characteristics were summarised along with any descriptive results and

conclusions.

Results: The search yielded 484 articles of which 19 met the inclusion criteria. They provide
valuable insights into benefits and drawbacks of surgical approaches to the talus, particularly
with regard to direct visualisation of anatomic reduction, and risks of neurovascular or tendon
compromise. For talar neck fractures it is clear that cannulated screws offer superior fixation
over plates, however, are inferior when considering anatomic reduction of the fracture. Direct
visualisation of fracture reduction is far superior to intraoperative radiographic assessment, and
mal-reduction leads to reduced subtalar joint range of motion, midfoot deformity, and increased

joint contact pressures.

Conclusions: This study provides a summary of the existing literature surrounding the use of
cadaver studies in fractures of the talus. We have identified gaps in the literature, particularly

surrounding strength of fixation of new locking plate fixation techniques.
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1. Introduction

Cadaveric research plays an important part in determining optimal treatment in lower-limb
fracture care. To date, there has not been a formally conducted scoping review into what types

of cadaveric research and techniques are most helpful.
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Scoping reviews are now becoming an increasingly accepted means to achieve evidence-based
conclusions; and the methods can help surgeons to make informed decisions on operative
interventions. Cadaver studies provide a powerful method for providing information in the

treatment of talus fractures that other study modalities may not define.

The management, approach and fixation options of talus fractures has been evolving and to
date there has been no publication that qualitatively assesses the use of cadaver research with

respect to the talus.

The objective of this study is to review the current evidence base with regards to the use of
cadaveric studies in guiding management of injuries of the talus, and that this may help to guide

further research

2. Methods

The literature search strategy was developed using medical subject headings (MeSH) and text
words related to Cadaver and talus fracture (see search strategy in Appendix 1). Two reviewers
independently identify studies by searching Medline, (OVID interface), Embase (OVID interface)
and Scopus. The search was conducted on 23 October 2020. A hand search of the reference

lists from all preliminarily identified papers was also carried out.

Eligibility criteria for inclusion into this scoping review were studies on talus fractures involving

the themes of:

1. Anatomy of safe approaches
2. Stability of fracture fixation
3. Improving the imaging of the hind foot, and

4. Better predicting the outcome/prognosis of talar neck fractures.
Exclusion criteria were as follows:

No cadaveric element to the research

No English translation available

1.
2
3. No human subjects
4. Studies using surrogate only for cadaver, e.g. plastic bones
5

Studies using only finite element analysis (or equivalent) for simulation
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6. Studies that were radiographic only, or

7. Studies where only the abstract was available

Three reviewers (MY, KK, AH) independently screened the titles and abstracts identified by the
literature search for inclusion using the screening form (level 1 screening). To increase the
reliability of screening of paper title and abstracts by the reviewers, a test of the level 1
screening, based on the eligibility criteria was performed on a random sample of 288 articles.
The K statistic was calculated to determine the inter-rater agreement for study inclusion and
found to be 0.14, suggesting a low level of agreement. Where there was disagreement between
level 1 reviewers, a fourth reviewer (AN), who was most knowledgeable in the research area,

was called upon to resolve discrepancies.

The full text of potentially relevant articles was then obtained and screened to determine final

inclusion (level 2 screening).

3. Results

Our search strategy yielded 162 studies from Medline, 225 from Embase, and 97 from Scopus.
After duplicates were removed there were a total of 299 records included for level 1 screening.
208 studies did not meet the inclusion criteria and so were excluded. An additional 12 studies

were excluded on the basis of the full text being unavailable. After level 2 screening, 19 papers

remained (Figure 1).

An extraction sheet containing data from the full text articles, included publication year, primary
and secondary aims of the study, number of cadavers used, male to female ratio of cadavers,

information on jigs used for testing, key results and conclusions can be seen in Table 1.
Studies were published between 1992 and 2021 (median 2007).
Papers generally fell into 6 categories:

Importance of anatomical reduction (n=2)
Approaches for talus fixation (n=4)
Imaging of the hindfoot (n=3)

Stability of fixation (n=5)

Avascular necrosis and talus implants (n=1)

o g A~ w N R

Lateral process fractures of the talus (n=4)
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All studies were observational/descriptive in nature. None were blinded, no papers specified
how specimens were allocated to various groups in each study. No authors declared any

conflicts of interest.

3.1. Importance of anatomical reduction

Sangeorzan [1] has shown in cadaveric studies that small 2mm displacements significantly impact
subtalar joint contact characteristics. Measurements show no significant changes in overall
contact area or high-pressure area in the posterior facet. However, four out of seven specimens
demonstrated increased localisation of the contact area. The combined antero-middle facet was

significantly unloaded in all malunions with medial displacement of the talar neck.

Daniels [2] showed that the effect of varus displacement of the talus affects the structure and
the function of the midfoot. In vitro studies on 12 cadaver feet were used to see if varus
decreased subtalar motion. A talar neck osteotomy was performed, and specimens studied with
and without removal of a medially based wedge of bone. Removal of the wedge produced an
average varus malalignment of the talar neck of 17.1 degrees. In the coronal plane, the average
arc of motion of the subtalar joint decreased from 17.2 degrees before the osteotomy to 11.7
degrees after the osteotomy and removal of the wedge. In the transverse plane, it decreased
from 17.5 to 11.9 degrees after wedge removal. In the sagittal plane, it decreased from 8.9
degrees to 6.8 degrees. The decrease in subtalar motion was characterized by an inability to evert
the foot. Inversion was not impaired. The malalignment produced an average of 4.8 degrees of
varus deformity and 8.7 degrees of internal rotation of the hindfoot and an average of 5.5

degrees of varus deformity and 11.5 degrees of adduction of the forefoot.

3.2. Approaches for talus fixation

To achieve an anatomic reduction of the talus, adequate visualisation of the talar articular
surface is required. To explore this further, using a cadaveric model Mullen et al [3] evaluated
the area of talus exposed for the fixation of talar neck fractures comparing different surgical
approaches. The mean area of the talus visible using the anterior approach was 1166mm?2,

They did however acknowledge the potential disruption to the superior blood supply with the
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anterior approach. For the anterolateral approach a mean of 570mm? was visible. Via the
anteromedial approach a mean of 395mm? and 474mm? was visible before and after a medial
malleolar osteotomy respectively. They found this to be statistically significant difference. A
combined anteromedial and anterolateral approach gives 964mm? exposure and the medial

malleolar osteotomy with lateral approach gives 1043 mm?.

Because of the large area of the talus visible and because the approach is familiar (commonly
used in the fixation of distal tibial fracture fixation or ankle arthroplasty), the anterior approach to
the talus for fracture fixation is often preferred. This approach allows screw placement along the
long axis of the talus, perpendicular to the fracture axis (for talar neck fractures) in an antero-
posterior direction. Anteroposterior (AP) or Posteroanterior (PA) screws exceed the theoretical
load to failure. [4] The main drawback is the lack of direct visualisation of all surfaces with only a
part of the superior surface showing. Reduction of other elements of the fracture relies of

fluoroscopic assessment, which is inferior to direct visualisation.

The Anterior approach carries risk to the anterior tibial/dorsalis pedis artery and their branches.
This artery can be directly visualised through this approach and lateral retraction is preferred as
it protects damage to its contribution to the sinus tarsi anastomosis. The area of greatest risk to

the blood supply in the anterior approach is at the level of the superior talar neck.

Ebraheim [5] evaluated the use of an open posterolateral approach for placing posterior screws
in 12 cadavers. They found that the boney window was small and consideration had to take
place for posterior screw insertion. The bony window was medially bounded by the lateral
tubercle of the posterior process, laterally by the fibular facet, superiorly by the trochlear
articular surface, and inferiorly by the posterior calcaneal facet. The saphenous vein and the
sural nerve were found to be very close to the achilles tendon. The calcaneal branch of the
peroneal artery was deep to the lateral border of the flexor hallucis longus. The medial K-wire
did enter on the lateral tubercle of the posterior process and the medial K-wire did transfix the
posterior talofibular ligament. There was recognition that there was potential to jeopardize the
blood supply through this surgical approach. This posterior approach also has the disadvantage
of being unable to see quality of reduction of the talus. Visualisation of the subtalar joint is also
limited.

Roberts [6] evaluated the placement of percutaneous posterior screws for talar neck and body
fractures directed posterior to anterior that have been found to be biomechanical and
anatomically superior. Percutaneous guidewire and screw placement poses anatomic risks for

posterolateral neurovascular and tendinous structures and their objective was to determine the
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injury rate to local neurovascular and tendinous structures using this technique in a cadaveric
model and the number of attempts at passing the guidewires required to achieve acceptable
placement of 2 parallel screws. Eleven fresh frozen cadaver limbs were used with two 2.0-mm
guidewires placed under fluoroscopic guidance posterior to anterior centered within the talus.
The Number of attempts required and the shortest distance between the closest guidewire and
the soft tissue structures was measured. The mean attempts to obtain optimal placement of 2
parallel screws was 2.9 £ 0.7. Direct contact between the guidewire and the sural nerve was
seen in 100% of the specimens, with the nerve impaled by the guidewire in 3 of 11 (27.2%)
cases. The peroneal tendons were impaled in 1 of 11 (9%) specimens and the Achilles tendon
was in contact with the guidewire in 8 of the 11 (72.7%) specimens and impaled at its most
lateral border with the guidewire in 2 specimens (18.2%). Given the sural nerve was injured in
100% of the cases they recommended a formal posterolateral incision to visualise and retract

anatomic structures at risk.

Wang [7] evaluated the posterolateral approach and dimensions of the posterolateral bony
window for screw insertion defining optimal position for posterolateral screw insertion in fifteen
adult ankle cadavers in a neutral ankle position. The height and width of the window was
measured. The distance from the centre of the window to the lateral malleolus tip (LMT),
horizontal distance from the center of the window to the lateral of the Achilles tendon (LAT), and
to the sural nerve (SN) were measured. The posterolateral window was bounded medially by
the lateral tubercle of the posterior talus process, laterally by the posterior border of lateral
malleolar, superiorly by the trochlear articular surface (TAS), and inferiorly by the posterior
calcaneal facet. The height and width of the posterolateral window was 1.89+0.04 cm and
0.91+0.01cm respectively. LMT was 0.40£0.01 cm, LAT was 0.19£0.02 cm, and SN was
0.62+0.04 cm. They felt that using the posterolateral window had no negative effect on
surrounding tissues such as the flexor hallucis longus and posterior talofibular ligament tissues

when the ankle joint was positioned in neutral.

3.3. Imaging of hind foot

Chan [8] evaluated the clinical accuracy of imaging talar neck malunion in 8 cadavers that were
osteotomized at the talar neck. The talus was reduced and fixed with 3.5 mm cortical screws. The
fragments were then displaced and rotated to create a varus and supination deformity and screw

fixation was repeated in non-anatomic alignment. Plain films and radio-isometric analysis (RSA)
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films, and CT were used to determine angulation, translation and rotation. K-wires were inserted
into the fragments to guide rotational and translational measurements before and after
displacement which was assessed by calipers. Both plain radiographs and RSA underestimated
the displacement by 5-6 mm. The most accurate method of assessing talus displacement was by

CT scan which was accurate to 2.4 mm.

In addition to conventional radiographs and computed tomography scans, the Canale view has
proven beneficial, when evaluating varus displacement [9]. Evaluating the Canale view could be
modified for improved evaluation for varus displacement. Simulated talar neck fractures were
created in 6 cadaveric specimens. These were placed into varying amounts of varus
displacement; the Canale view was performed with progressive degrees of eversion, from 0° to
25°, resulting in 108 total views. Blinded evaluation was performed, and a ranking system was
used to determine the most beneficial degree of eversion for evaluating varus malalignment.
Multiple statistical analyses were performed. A significant difference was seen between the high
and low range of values of eversion. A significantly lower ranking was achieved with 10° of
eversion. As opposed to a single view taken at 15° of eversion, a range of angles may be most

beneficial in evaluating varus displacement in talar neck fractures.

Twelve cadaver feet were used for a radiographic assessment of the talonavicular joint after
simulated screw fixation of talus fractures.[10] A 4.0- to 6.5-mm screw was inserted through the
posterior tubercle of the talus, directed anteriorly into four quadrants of the talar head causing
a deliberate screw tip violation of Imm. Lateral, dorsoplantar, lateral oblique, and medial oblique
radiographic views were obtained for each specimen, to assess the position of the screw tip in
relation to the talonavicular joint. The lateral view consistently demonstrated the screw tip
violation when the screw was directed through the center of the talar head, but it failed when
screws were passed into the medial or lateral quadrants of the talar head. The dorsoplantar view
consistently demonstrated a screw tip violation of the superior two quadrants of the talar head
when other views failed. Each screw tip violation of the inferior quadrants (medial and lateral)
required a different view. A screw tip violation of the inferior medial quadrant required the lateral

obligue view, whereas the inferior lateral quadrant required the medial oblique view for full
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appreciation. Here again, other views failed to demonstrate minor screw tip violations
consistently. Using these views to assess screw placement could decrease the risk of developing

traumatic arthritis caused by screw tip violation of the talonavicular joint.

3.4. Stability of fixation in talar fractures

Swanson [4] looked at anatomical reduction and rigid internal fixation of fractures of the talar
neck to allow early mobilization of the ankle and subtalar joints. Forty fresh tali from cadavers
were fractured across the talar neck and were internally fixed with one of four methods. The
specimens were loaded to failure, and mean yield loads, yield deformations, stiffness and energy
absorbed were compared. The two configurations of screws that were inserted posterior to
anterior provided vyield loads superior to those of screws inserted anterior to posterior. All
combinations of screws were stronger than Kirschner wires. Comparisons of yield deformations,
stiffness, and energy absorbed corroborated these results. The calculated theoretical maximum
shear force across the talar neck during active motion was 1129 newtons. This exceeded the
strength that was provided by Kirschner wires and anteriorly inserted screws but not that

provided by screws that were placed posteriorly.

Attiah [11] looked at 3 different fixation techniques to treat talus fractures in 2007 by comparing
groups in cadaver feet that were osteotomised at the talar neck. A wedge was removed from the
medial aspect to simulate a degree of instability at the talar neck. The first group was fixed with
3 anterior-to-posterior screws partially threaded cancellous screws. The second group was fixed
with 2 cannulated screws inserted from posterior to anterior. The third group was fixed with 1
screw from anterior to posterior and a medially applied blade plate. Radiographs confirmed
screw position. Specimens were embedded in acrylic cement and mounted on an Instron
mechanical testing machine. Load was applied in the dorsal-medial direction to failure. The mean
yield point to create 3mm of deformation for each of the fixation techniques tested exceeded
1.4 kN with no statistically significant difference between the groups. Authors conclude that

fixation with an anterior plate provides equivalent stability to posterior screw fixation.
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Capelle [12] evaluated the use of 2 anterior cannulated variable-pitch headless screws in talar
fractures and compared this to standard cannulated headed-screw fixation. They found that talar
head fixation could be performed adequately with either two cannulated headless or two 4.0
cannulated headed screws. Headless variable-pitch screw fixation had statistically lower failure
displacement than the conventional screw fixation and their mode of failure was by pull out at
the talar body as well as the bone failure at the talar head. Statistically, no significant differences
were found in failure load, failure energy, or stiffness between the conventional screw and
headless variable-pitch screw fixations. Differences in stiffness (p=.058) and energy absorption
(p=.065) between screw types were approaching statistical significance. The headless design of
the variable pitch screw can be fully buried beneath the surface and they compress throughout
the screw length. Limitations include small sample size and failure to evaluate screw difference

in other configurations of use such as posterior screw placement.

With the advent of small contoured plates, fixation models were compared with 2 posterior
screws vs a lateral plate vs an anterior screw using nine matched pairs of fresh frozen talar
specimens stripped of soft tissue and mounted in a cylindrical jig.[13] The talar neck was
fractured and dorsal comminution was simulated by removing a 2-mm section of bone. One
specimen from each pair was fixed with either two solid 4.0-mm partially threaded cancellous
screws posterior-to-anterior just lateral to the posterior process of the talus or with a four-hole
2.0-mm mini fragment plate contoured to the lateral surface of the talar neck and secured with
2.7-mm screws. A 2.7-mm fully threaded cortical screw was placed medially using a lag technique.
The specimens were then loaded to failure with a dorsal force. Failure was defined as 2 mm of
displacement. PA screw fixation had a statistically significant higher load to failure than plate
fixation (120.7 + 68.5 N vs 89.7 + 46.6 N, p<0.05). Authors conclude that plate fixation offers
substantial advantages in controlling anatomic alignment of comminuted talar neck fractures,

but does not provide biomechanical advantages compared with axial screw fixation.

Karakasli [14] evaluated the effects of locking plates in the treatment of talar neck fractures. The
use of a locking plate theoretically may confer greater pull-out strength compared to PA screw

fixation. The biomechanical fixation strength of cannulated headless variable-pitch screw fixation

10
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and locking plate fixation in 14 fresh cadaver talar necks were compared. A shearing force was
applied until the talar head was separate from the body. No statistical significance was found
between fixation stiffness and yield stiffness. Cannulated locking screws resulted in better failure
displacement compared to locking plate fixation models. This may be because the screws are
perpendicular to the fracture site and therefore obtain strong compression. Disadvantages of this
study and where plates may benefit in modem techniques are in comminuted fractures where
plates can maintain axial length in the presence of comminution, they do however require a more

significant dissection.

3.5. Avascular Necrosis and Talar Implants

Trovato [15] looked into the treatment for talar avascular necrosis and the feasibility of a generic
talar implant using cadaveric assessment. Ten cadaver ankles had CT-scans to determine talar
implant size. The opposite ankles were CT-scanned with the biological talus and then with the
implant in position. 3D ankle geometry was reconstructed and implant position was compared
to the biological talus position. Seventy percent of talar dome deviations between the biological
talus and implant were within an acceptable range, the authors conclude that this yields

promising results to support a generic talus bone prosthetic.

3.6. Lateral process talar fractures

Funk [16] notes there has been an increased incidence of lateral process fractures as a result of
snowboarding injuries. Fractures of the lateral process of the talus are unusual and have an
association with snowboarding. Its diagnosis can be confused with lateral ankle sprain. A
misdiagnosis as anterolateral sprain can lead to long-term morbidity in a young and active
population, with ensuing osteoarthritis and severe subtalar degeneration. Knowing the
mechanism of injury may aid in diagnosis. Funk looked to see if eversion of dorsiflexed ankle was
more likely to fracture the lateral process of the talus than inversion of a dorsiflexed ankle. Ten
cadaveric specimens were subjected to dynamic inversion or eversion of an axially loaded
dorsiflexed ankle. Inversion produced no fractures in three injured specimens. However, all six

specimens subjected to eversion sustained a fracture of the lateral process of the talus.

11
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Boon [17] further evaluated the effect of external rotation on lateral talus process fractures.
Lateral talus process fractures were evaluated with axial loading with and without external
rotation. External rotation was thought to be a key component of the mechanism of injury. Ten
cadaver ankles were mounted on a materials testing machine in a position of fixed dorsiflexion
and inversion. All ankles were loaded to failure axially, with or without combined external
rotation. No fractures occurred after axial loading in dorsiflexion and inversion, but six of eight
specimens sustained fractures of the lateral process of the talus when similarly loaded with
external rotation added. This study demonstrates that external rotation with axial loading is

responsible for the lateral process fractures.

Treatment of comminuted lateral process fractures is to excise the fragments, this may include a
significant portion of the lateral process. Langer [18] evaluated the effects of lateral process
excision on the lateral stabilising ligaments. Langar states that removal of 1cm of lateral process
results in compromise of the 3 major stabilising ligaments of the talus, approximately 100% of
the lateral talocalcaneal ligament, 11% of the anterior talofibular ligament and 14% of the
posterior talofibular ligament was excised upon removal of the lateral process. These are major
lateral stabilising ligaments, and so he concluded that excision of the lateral process fragments
could lead to instability. However, later cadaveric testing by the same author, [19] concludes that
although there were statistically significant increases in anterior tibiotalar translation, talar tilt,
medial talocalcaneal motion, and talocalcaneal tilt seen in the cadaveric feet after simulated
lateral talar process fracture fragment excision, these changes were small and not substantial

enough to constitute instability.

4. Discussion

This study maps the body of cadaveric research to date pertaining to talus fractures and gives

insights into fracture etiology, and gives recommendations for management.

Fractures of the talar neck comprise almost 50% of talar fractures and may result in significant
long-term morbidity. Anatomic reduction of talar neck fractures, particularly any articular surface

displacement, is critical to minimise the risk of nonunion, malunion, and future post-traumatic
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osteoarthritis. Included studies have demonstrated the potential benefits of different surgical
approaches with regards to articular cartilage visualisation and at risk structures, and suggest

that combined approaches give optimal results.

When considering fixation of these fractures, there is a large body of evidence looking at the
strength of fixation with K-Wires, anteriorly and posteriorly inserted screws, and locking plates. It
is clear that K-Wire fixation is inadequate, and that while posterior to anterior screw fixation
appears to have a higher pull out strength, this method lacks the ability to control axial length of
the fracture and so is suboptimal for the management of comminuted talar neck fractures, and

that plate fixation would be advantageous for these. The main disadvantage of these studies lay
in the more historic nature of fixation methods used. Modern plates now have smaller
footprints with variable angle locking constructs and are pre-contoured to the lateral side of the
talus to allow better fixation, without the need for such extensive dissections. This is one area

where further studies should focus.

AVN is an unfortunate complication of talus fractures due to it's unique blood supply, and can

occur despite treatment with robust fixation.[20] There was only one study looking at options
for treatment with regards to generic talus implants, and authors felt it showed promising
results. Since recent advances in 3D printing techniques, there are now patient specific total
talus replacements available. It has been shown that patient specific total talus replacements
do improve patient reported outcomes [21], further cadaveric studies could look at the
biomechanics of these implants, particularly with regards to articular contact pressures, to see

if it truly is suitable to model a talus replacement based on the contralateral uninjured side.

There were several papers looking specifically at lateral process fractures of the talus, and they
convincingly show that these fractures occur due to forced eversion of a dorsiflexed ankle. This
is important since it will allow clinicians to have a high index of suspicion, since they are difficult
fractures to identify on radiographs. Importantly, studies also appear to show that simple
excision of the fracture fragments is unlikely to lead to ankle instability, this is a valuable insight

into the management of this rare fracture should it go on to heal with a painful non-union.
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5. Conclusions

The most appropriate form of the treatment of talus injuries fractures should be decided based
upon evidence. Cadaver studies provide us with useful insight into treatments in talus fracture
fixation that would be difficult to ascertain through other modalities of investigation given the

rarity of talus fractures.

Whilst the drawback of cadaver based studies are they are not clinical, are not RCT based, and
are unblinded, cumulative evidence of this uncommon fracture and its complications takes time
to assimilate. Cadaver studies have provided valuable insights into the optimum approach and
fixation of the talus, quantified the area of talus exposure, and defined at-risk structures. Cadaver
studies have determined fixation strength using screws and plating techniques as well as
evaluated the effects of malunion on joint biomechanics, and they have also helped to identify
the deforming forces that cause lateral process fractures, and also the recommended

management.

Future research using cadavers may be directed to evaluating the biomechanical strength of
newer low-profile contoured locking plate fixation techniques. Double pre-contoured plates with
variable angle locking screws provide ease of fixation with good strength. Further validation of
strength to failure of these plates compared with conventional plates and screw fixation using
cadavers would provide valuable in vitro assessment of their biomechanical properties in talus

fracture fixation.
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