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SUMMARY

In this article the following areas will be reviewed; the anatomy of the midfoot; mechanisms of injury and current classi-
fication systems; diagnosis; treatment options and the evidence for current practice; areas of treatment uncertainty and
recommended guidelines for management. 

INTRODUCTION

The tarsometatarsal joint complex (TMJC) divides the
midfoot from the forefoot and includes the joints bet-
ween the metatarsals and cuneiforms or cuboid as well
as the intercuneiform and naviculocuneiform joints (36).
In addition to the TMJC the midtarsal joint, also known
as Chopart’s joint, is a complex articulation with the
hindfoot that includes the talonavicular and calcaneo-
cuboid joints. Injuries can range from simple non-dis-
placed fractures and sprains to markedly displaced frac-
tures and dislocations. As a result of the broad spectrum
of injury to both the TMJC and midtarsal joint, they con-
tinue not only to be a challenge to diagnose but also to
treat. Injuries to the midfoot can be subtle, and up to

40% of tarsometatarsal injuries are missed on initial pre-
sentation, especially in the multiply injured patient (7,
18, 23, 57).

The incidence of midfoot injuries is relatively uncom-
mon but appears to be increasing particularly in certain
sports (4, 20,28). Midfoot injuries sustained in athletes
are different to those that occur due to high energy trau-
ma. As a result, a high index of suspicion is needed to
recognize and accurately diagnose these injuries in order
to avoid delayed presentation and its associated pro-
blems of deformity, disability and chronic pain (11, 18,
23, 53).

In this article the following areas will be reviewed;
the anatomy of the midfoot; mechanisms of injury and
current classification systems; diagnosis; treatment op -
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le, the midtarsal joint is locked (when the hindfoot is
inverted, the joints come out of their parallel configura-
tion, stiffening the joints) producing a rigid platform for
push off. The motion of these joints along with the sub-
talar joint are dependent on each other with the talona-
vicular joint being the most important to their overall
motion. Simulated arthrodesis of the talonavicular joint
has shown that it has the greatest range of motion and
essentially eliminated motion of the other joints of the
subtalar complex (6).

The talonavicular joint is stabilized through the static
ligamentous structures as well as dynamic contributions
from the tibialis posterior and intrinsic and extrinsic foot
flexors. The spring ligament complex extends from the
sustentaculum tali of the calcaneus to the plantar and
medial aspects of the navicular and has been shown to
have two portions (superomedial calcaneonavicular and
inferior calcaneonavicular ligaments) (12). Lateral liga-
mentous support is provided by the medial limb of the
bifurcate ligament, the lateral calcaneonavicular liga-
ment. This originates from the anterior process of the
calcaneus superiorly in the sinus tarsi and extends to the
superior and lateral portion of the navicular. Dorsally,
the talonavicular joint capsule is a thick structure that is
defined as the talonavicular ligament. This occupies the
space between the superomedial calcaneonavicular and
the lateral calcaneonavicular ligament.

The navicular articulates distally via three facets with
the medial, intermediate and lateral cuneiforms and has
a shared capsule. On occasion a fourth articular facet is
present between the navicular and the cuboid. There is
very little motion at this articulation, however this is in
contrast with its proximal articulation with the talus,
which has been previously mentioned. The proximal and
distal portions of the navicular are covered by articular
cartilage and the blood supply enters both medially and
laterally (branches of tibialis posterior and dorsalis
pedis) (55). The central third portion is therefore relati-
vely avascular and susceptible to stress fractures as
a result of shear stress (51). 

The calcaneocuboid joint is a saddle-shaped joint bet-
ween the anterior process of the calcaneus and the pro-
ximal pole of the cuboid. An osseous projection at the
inferomedial corner of the cuboid, the beak, articulates
in the coronoid fossa of the calcaneus and adds to joint
stability with the foot in inversion (44). The calcaneo-
cuboid joint is supported plantarly by the inferior cal-
caneocuboid ligament. This extends from the inferior
surface of the calcaneus to the inferior surface of the
cuboid and has a superficial and a stronger deep porti-
on that helps prevent dorsal subluxation. The superior
portion of the joint is bounded medially by the medial
calcaneocuboid ligament, which is the same as the late-
ral limb of the bifurcate ligament. The dorsolateral cal-
caneocuboid ligament originates on the anterior process
of the calcaneus and extends from the articular surface
of the calcaneus over the dorsum of the cuboid as the
joint capsule (44).

The cuboid also articulates with the fourth and fifth
metatarsals distally. Dorsal ligaments between the cu -

tions and the evidence for current practice; areas of 
treatment uncertainty and recommended guidelines for
management. 

ANATOMY

The TMJC and midtarsal joint stability is dependent
primarily upon osseous, ligamentous and capsular atta-
chments. Secondary stabilisers of the midfoot include
the plantar fascia, peroneus longus and the intrinsic
muscles. The bases of the metatarsals form a transverse
arch, high medially and low laterally. In the frontal pla-
ne, the lateral aspect of the arch is 20mm posterior to
the medial side (14). The second metatarsal is often con-
sidered a ‘key-stone’ as in Roman arch due to the reces-
sed nature of the intermediate cuneiform. The medial
cuneiform protrudes 8mm and the lateral cuneiform
4mm with respect to the second metatarsal. In addition,
a second interlocking configuration exists between the
lateral cuneiform and the bases of the second and fourth
metatarsal bases. This provides a great deal of inherent
stability to the TMJC. 

The TMJC has been described in term of three
columns (9). The medial column includes the first tar-
sometatarsal (TMT) joint, the central column includes
the second and third TMT joints as well as articulations
between the middle and lateral cuneiforms and the late-
ral column includes the fourth and fifth TMT joints. The
medial and lateral column capsule and synovial mem-
brane do not communicate. The normal sagittal motion
of the first TMT joint is 3.5mm, the lateral column is
more flexible with a sagittal motion of 13mm and the
central column the least flexible with only 0.6mm mo -
tion. It is held virtually rigid in the recess (38). Most
injuries involve the central column despite this rigidity
conferred by both osseous and ligamentous stabilizers. 

The ligaments of the TMJC are classified as dorsal,
plantar and interosseous, each having longitudinal, obli-
que and transverse elements (14). The longitudinal and
oblique fibres connect the cuneiforms and cuboid to the
metatarsals, and the transverse ligaments connect the
metatarsal bases. The dorsal ligaments are weaker than
the plantar and interosseous ligaments, hence why dor-
sal dislocations are more common. The Lisfranc ligament
runs obliquely from the base of the second metatarsal to
the medial cuneiform and no ligament connects the base
of the first to second metatarsal. In 22% of cases the liga-
ment is formed by two bands. Biomechanical studies of
the Lisfranc ligament in cadavers has shown the strength
of the ligament to be approximately 449N+/-58 (48).

The midtarsal (Chopart) joint is named after Fran cois
Chopart (1743–1795), who described the use of the talo-
navicular and calcaneocuboid articulations as a practi-
cal level for amputation. The midtarsal joint lies in a pla-
ne transverse to the medial and lateral longitudinal
arches of the foot and allows the forefoot to move with
respect to the hind foot on heel strike producing a fle-
xible foot that can adapt to an uneven surface (when the
hindfoot is everted, the two Chopart joints are parallel,
allowing flexibility). At the toe-off phase of the gait cyc-
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boid and calcaneus, lateral cuneiform, navicular and
metatarsals contribute to its dorsal soft tissue envelope.
A tuberosity on the plantar surface is present where the
plantar ligament attaches and is integral in maintaining
the lateral longitudinal arch of the foot. The major 
blood supply to the cuboid arises from the anterior ti -
bial artery (the transverse pedicle branch arises from the
proximal lateral tarsal artery) (19). Restoration of the
anatomical structure of both the navicular and cuboid
are important in maintaining the relative lengths of the
medial and lateral columns of the foot respectively. 

MECHANISMS OF INJURY

Jacques Lisfranc de St. Martin (1790–1847) was a sur-
geon during the Napoleonic era and Lisfranc injuries
were commonly sustained following a fall off a horse
with the foot trapped in the stirrup. He however, actual-
ly described a fast method of forefoot amputation via
the Lisfranc joint. 

Currently there are broadly two categories of injury
to the TMJC, which can be classed as high or low ener-
gy or as direct or indirect injuries. High energy injuries
are a result of motor vehicle collisions, falls from
a height or a crushing injury (20). However, more recent-
ly low energy injuries have become more prevalent pre-
dominantly due to twisting injuries in athletes especial-
ly football (34, 37). Athletic injuries to the TMJC can
be divided broadly into plantar flexion injuries and
abduction injuries, although this is an oversimplifica -
tion since there are probably varying patterns of each
force. Plantar flexion injuries occur when an axial for-
ce is applied along the longitudinal axis of a foot that is
in slight equinus with the metatarsals firmly planted on
the ground distally, resulting in failure under tension dor-
sally (34, 47). Abduction injuries occur when the fore-
foot is forcefully abducted with the hindfoot fixed. The
base of the second metatarsal dislocates and the remai-
ning metatarsals dislocate in a lateral direction if the
abduction force is great enough. This injury pattern is
often seen in sporting activity where the foot is restrai-
ned such as equestrian sport and windsurfing (8). 

Due to the complexity of the TMJC the exact mecha-
nism of injury is often not known and this is probably
more applicable to the high energy injuries where there
a multiple deforming forces present (1, 20).

Navicular fractures are often the result of high-ener-
gy crushing or axial-load mechanisms, frequently with
an abduction and flexion component (16). Cuboid frac-
tures rarely present as an isolated injury and generally
are caused by lower-energy mechanisms of injury. High
energy injuries result from a global shortening of the
midfoot through both the medial and lateral columns or
as a result of a severe abduction force to the forefoot.
This force produces a severely comminuted fracture cau-
sed by the cuboid being crushed between the fourth and
fifth metatarsal bases and the anterior process of the 
calcaneus, hence the term ‘nutcracker fracture’ (22). The
foot usually is in a position of plantar flexion and/or
abduction (29). Alternatively, plantar flexion and abduc-

tion of the forefoot can impact the dorsolateral aspect of
the articular facets of the fourth and fifth metatarsals into
the cuboid. This injury may not necessarily result in
shortening of the lateral column but can cause arthrosis.
Weber and Locher (56) reported the largest series of
cuboid fractures and observed this pattern in 11 of 12
patients. Five of the 12 patients had an additional crush
component that resulted in shortening of the lateral
column. A distraction force across the lateral aspect of
the midfoot can result in avulsion type fractures that tend
to be more common but result in fewer long-term pro-
blems than the compressive type injury of the cuboid.

CLASSIFICATIONS

Tarsometatarsal joint complex
Numerous classification systems exist for injuries to

the TMJC. In 1909, Quénu and Küss described the first
classification system dividing injuries into homolateral,
isolated and divergent (41). Hardcastle in 1982 modi -
fied the Quénu and Küss classification based on 119 in -
juries to the TMJC. Type A: Total injury: there is incon-
gruity of the entire TMT joint. Displacement may be
sagittal, coronal or both. Type B-Partial: there is partial
incongruity. The displaced segment is in one plane. The-
se injuries are further subdivided. Medial displacements
affect the first metatarsal either in isolation or combined
with displacement of second, third or fourth metatarsal.
Lateral displacement affects the 2–5th metatarsal, not the
first. Type C Divergent: These can be partially or total-
ly incongruent. The first metatarsal displaces medially
and the lateral four, single or in combination, displace
laterally. This classification allows treatment to be plan-
ned and is also useful for prognosis.

Myerson modified this classification system after
reviewing seventy-six fracture-dislocations of the TMJC.
Type-B injuries were divided into medial dislocations
(type B1) and lateral dislocations (type B2). Type-C inju-
ries were divided into those with partial incongruity
(type C1) and those with total incongruity (type C2) (36).
However, this classification system is not validated at
present but can also be useful in planning treatment. 

Nunley and Vertullo reported on the management of
midfoot sprains in fifteen athletes and created a new
classification system to address subtle tarsometatarsal
injuries with minimal or no displacement seen on
weight-bearing radiographs (37). These injuries were
categorised into three stages. Stage 1 injuries are undis-
placed (<2mm of diastasis between the first and second
metatarsals) injuries of the TMJC with pain, local ten-
derness and a positive bone scan with normal weight-
bearing X-ray. Stage 2 injuries (2 to 5 mm of diastasis
between the first and second metatarsals evident on AP
radiograph but no arch collapse on lateral radiograph).
Stage 3 injuries are displaced injuries seen as loss of
arch height, defined by a decreased distance between the
fifth metatarsal and the medial cuneiform on lateral
weight-bearing radiographs. This classification system
is reliant on the patient being able to fully weight bear
in order to determine the diagnosis. 
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joints are seen. Table 1 illustrates some of the normal
radiological parameters of the midfoot (49). On the
lateral radiograph the medial cuneiform should be hig-
her than the base of the 5th metatarsal and this is rever-
sed in the case of a Lisfranc injury (Fig. 2) (18). If
doubt exists regarding the diagnosis contralateral foot
views can be obtained for comparison or weight bea-
ring radiographs. If patients have significant pain a true
weight bearing ra diograph may be difficult to obtain.
The “fleck” sign (Fig. 3) at the base of the second meta-

Navicular fractures
The navicular plays a major role in weight bearing

during ambulation as a result of its strategic location in
the medial longitudinal arch of the foot. Because of its
position in the uppermost portion of the arch, it acts as
the keystone for vertical stress on the arch. Therefore,
reduction of navicular fractures is essential to prevent
deformity and subsequent disability. DeLee has broad-
ly classified navicular fractures into four groups: Type
1: avulsion fractures of the dorsal lip, Type 2: fractures
of the tuberosity, Type 3: displaced and non-displaced
fractures of the body, and Type 4: stress fractures (13). 

Sangeorzan et al. (45) devised a classification system
for displaced intra-articular fractures of the navicular
body based on the direction of the fracture line, the pat-
tern of disruption of the surrounding joints, and the
direction of displacement of the foot. In a type 1 frac-
ture, the primary fracture line is in the coronal plane
(producing dorsal and plantar fracture fragments), and
there is no angulation of the forefoot. In a type 2 frac-
ture, the primary fracture line is dorso-lateral to plan-
tar-medial across the body of the navicular. The major
fragment is dorso-medial and is displaced medially
along with the forefoot. The calcaneonavicular joint is
not disrupted. In a type 3 fracture, there is a comminu-
ted fracture in the sagittal plane of the body of the navi-
cular. The medial border of the foot is disrupted at the
cuneiform-navicular joint. The forefoot is laterally dis-
placed.

DIAGNOSIS

The clinical symptoms and signs of midfoot injuries
can vary and be subtle especially following spontaneous
reduction of dislocations preventing early diagnosis.
This can often be the case in athletic injuries and in the
elderly where the injury mechanism is not particularly
of high energy. Plantar ecchymosis (Fig. 1) localized to
the midfoot is a useful sign and should raise suspicion
of a significant midfoot injury in addition to marked
swelling more in keeping with a high energy injury (43).
A ‘pop’ may be felt especially in athletic injuries (23). 

For all midfoot injuries standard AP, lateral and 300

internal oblique radiographs should be obtained. On
the AP view the first and second TMT joints are visua -
lised and in the oblique view the lateral 3rd-5th TMT
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Fig. 1. Plantar ecchymosis localized to the midfoot.

Fig. 2. Lateral radiograph illustrating the reversal of the rela-
tionship between the base of the 5th metatarsal and medial
cuneiform. The medial cuneiform is more inferior to the base
of the 5th metatarsal.

Fig. 3. The “fleck” sign illustrating an avulsion injury to the
Lisfranc ligament.

Tab. 1. Normal radiographic parameters of midfoot

1. Medial border of the 2nd metatarsal aligns with medial border
of middle cuneiform 

2. The medial border of 4th metatarsal aligns itself with medial
border of cuboid

3. Dorsal or plantar displacement on lateral views – relationship
between medial cuneiform and 5th metatarsal base

4. The first intermetatarsal and intertarsal space have equal widths
5. The first metatarsal lines up medially and laterally with the

medial cuneiform
6. Lateral border of 3rd metatarsal aligns itself with lateral border

of lateral cuneiform
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tarsal or medial border of the medial cuneiform should
also raise suspicion of an avulsion injury of the Lis -
franc ligament (36). 

If plain radiographs do not reveal an obvious injury
and suspicion still exists then CT, MRI scanning and
examination under anaesthesia are useful further inves-
tigations. Examination under anaesthesia and stressing
the midfoot with an abduction and pronation stress test
may reveal instability (Fig 4) (11, 33). There can be vari-
ation between the instability in the medial column and
that in the middle column, and the instability can extend
between the cuneiforms. This is not well demonstrated
with the pronation abduction stress test and a more use-
ful test is squeezing between the medial and middle
columns to demonstrate evidence of instability radio-
graphically (10). 

Fig. 4. The pronation abduction stress test.

CT scanning is a sensitive test to diagnose midfoot
injuries and is particularly useful if severe comminu-
tion exists in order to determine the suitability of frac-
tures to be treated with internal fixation. Cadaveric work
has shown CT scanning is more sensitive than radio-
graphy for detecting the minor amounts of Lisfranc dis-
placement. None of the 1mm and two thirds of the 2 mm
dorsolateral Lisfranc dislocations could be visualized on
routine radiographs; they could all be noted on CT scans
(26). However, one has to remember CT scanning is
a static imaging modality and often midfoot injuries are
dynamic in nature (9). 

MRI is useful in determining ligamentous injuries to
the midfoot in the absence of fractures and has been
shown to be superior to plain radiography (39, 40). The
appearance of a normal ligament on MRI has been
shown to be suggestive of a stable midfoot, and docu-
mentation of its integrity may obviate the need for
a manual stress radiographic evaluation under anaes -
thesia for a patient with equivocal clinical and radio-
graphic examinations (42).

TREATMENT OPTIONS AND EVIDENCE 
FOR CURRENT PRACTICE

Tarsometatarsal joint complex injuries
The main aim of treatment of TMJC injuries is early

stable anatomical reduction. There is however a signifi-

cant lack of Level I and II evidence to support treatment
algorithms currently in place for injuries to the TMJC. 

Non-operative treatment
The role of non-operative treatment of these injuries

has not been clearly defined. Residual displacement of
as little as 2 mm significantly decreases the total con-
tact area of the articular cartilage and surgery is probably
beneficial for even small degrees of displacement (15,
36). The degree of residual displacement tends to pre-
dict outcome in these injuries (4, 11, 20, 32). Myerson
et al. reviewed 60 patients after an average 4.2 years fol-
low up (Level IV evidence) and found a correlation bet-
ween the quality of initial reduction and the outcome
(36). Although perfect anatomical alignment does not
guarantee a good clinical result, the outcome is more
favourable. However, there are 2 studies (Level IV evi-
dence) in the literature that suggest satisfactory results
can be achieved with non-anatomical reduction(1, 7). 

Minimally displaced stable injuries in athletes may be
treated successfully non-operatively (11). A retrospecti-
ve review of 15 patients by Faciszewski et al. (Level IV
evidence) demonstrated residual displacement as much
as 2-5 mm between the 1st and 2nd metatarsals was not
associated with a worse outcome but preservation of the
longitudinal arch was necessary for a good outcome
(18). Nuney and Vertullo (Level IV evidence) based on
their classification scheme recommend non-operative
treatment for stage 1 injuries. They recommend non-
weight bearing for 6 weeks in a cast and stage 2 and 3
injuries require anatomic reduction and stabilization
(37). Myerson et al. recommends stable injuries confir-
med on weight bearing or stress radiographs can be tre-
ated non-operatively in a boot as long as the reduction
is maintained after 2 weeks (35). Weight bearing is per-
mitted as tolerated at that stage with the use of an arch
support until there is no pain on pronation abduction
stress testing. Even with this treatment regimen the time
to return to sport can be as long as 9 months following
the injury.

Surgical treatment
Based on current evidence surgical treatment of

TMJC injuries should be performed in unstable displa-
ced fracture/dislocations and unstable purely ligamen-
tous injuries. Some of the pertinent evidence is presen-
ted here but some of the following questions regarding
surgical treatment need still need to be answered: 

1. Timing of surgical intervention and how late can fixa-
tion be performed after injury?

2. Open or closed reduction?
3. Method of fixation?
4. What is the role of primary arthrodesis?
5.Post-operative regimen?
6. Necessity and timing of hardware removal?

Timing of surgery
The timing of surgery should be performed as soon

as the soft tissue envelope allows is a good rule to fol-
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low but early reduction reduces the risk of vascular com-
promise, skin problems and facilitates anatomical reduc-
tion. Dislocation without a fracture may be treated up to
three months after which salvage arthrodesis is advised
(52). Hardcastle et al. showed that if reduction was per-
formed after 6 weeks then a worse outcome was achie-
ved (Level IV evidence) (20). Late treatment with arth-
rodesis has been described with successful results.
Komenda et al. performed a retrospective analysis of 32
patients who underwent arthrodesis at a mean of 35
months following injury and the mean pre-operative
AOFAS score was 44 compared to 78 post-operatively
(Level IV evidence) (23). Sangeorzan et al. retrospecti-
vely reviewed 16 patients who had undergone arthrode-
sis as a salvage procedure and found good to excellent
results in 11 (69%) of patients and fair or poor in 5 pa -
tients (46). Accurate reduction and early treatment had
a significant effect on outcome. 

Open versus closed reduction
The goal of reduction is to achieve an anatomic reduc-

tion and whether this is achieved via open or closed means
is probably dependent on a number of factors including
the timing of the surgery, the presence of fracture frag-
ments or soft tissue interposition (including tibialis ante-
rior (TA) tendon) preventing an anatomic reduction (20,
32). Closed reduction can be achieved with longitudinal
traction on forefoot and medial displacement with pres-
sure over the midfoot but it is very difficult to ensure ana-
tomic reduction of the TMJC especially in extensive inju-
ries where there is associated intercuneiform instability
and open reduction is recommended. 

K wire fixation
The use of K wire fixation with closed reduction has

been described with good outcomes and the main deter-
minant of outcome appears to be early anatomical reduc-
tion and stabilization (9, 20, 31). The concern with the
use of K wire fixation is that for the period of time fixa-
tion needs to remain in-situ they can loosen and beco-
me infected. Arntz and Hansen emphasized the impor-
tance of screw fixation compared to K wire fixation due
to the afore mentioned complications (Level IV eviden-
ce) (5). The medial and middle columns are rigid and
the lateral column more mobile. Cadaveric work has
shown that screw fixation is more rigid on the medial
side of the foot compared to K wires but not statistical-
ly different on the lateral side (25). 

Open reduction and internal fixation (screw +/- K wire
fixation or plate fixation)

Mulier et al. published a series of 28 patients in
a retrospective cohort study (Level III evidence), with
severe, acute Lisfranc dislocations, requiring operative
intervention, who were treated between 1989 and 1992
in a level one Trauma Centre (30). The Baltimore pain-
ful foot score was greater in the open reduction and inter-
nal fixation group compared to the arthrodesis group.
Stiffness, loss of metatarsal arch and sympathetic dys-
trophy occurred more in the open reduction and internal

fixation group. Different treatment protocols were used
by the two senior staff surgeons and the conclusion was
that primary complete arthrodesis should be reserved as
a salvage procedure. Myerson et al. have stated that in
athletes the treatment of choice for a TMJC injury requi -
ring operative intervention should be anatomic internal
fixation and not primary arthrodesis (35). 

Kuo et al. performed a retrospective study of open
reduction and internal fixation of Lisfranc injuries with
screw fixation (Level IV evidence) (24). Forty eight pa -
tients were followed for an average of 52 months. Twel-
ve patients developed secondary degenerative changes
and 6 required an arthrodesis. Pure ligamentous inju -
ries tended to have a poorer outcome than combined
osseous and ligamentous injuries. The mean American
Orthopedic Foot and Ankle Society Midfoot Score
(AOFAS) score was 77 indicating an excellent outcome.

Polylactide screws have also been used in 14 patients
with a mean follow up of 20 months and no patient was
noted to have a soft tissue reaction to the screws, loss of
reduction or osteolysis (50). 

The potential advantage of plate fixation rather than
tranarticular screw fixation is less damage to the joint
surface and a theoretical risk of decreased incidence of
post-traumatic arthritis. Cadaveric studies have shown
that 3.5 mm cortical screw fixation versus 2.7 mm ¼ tu -
bular plate fixation are comparable at maintaining reduc-
tion of the 2nd TMT joint at weight bearing load (2). 

Primary arthrodesis
The role of primary arthrodesis in the treatment of

acute TMJC injuries is yet to be established. Recent evi-
dence reviewed by the AOTrauma group concluded that
evidence from two randomized controlled trials suggests
a marked increase in the need for re-operation in those
receiving ORIF compared with arthrodesis, with a risk
increase of approximately 300%. Anatomic reduction
was achieved initially by either method, and no defini-
tive conclusions can be made about a preference in terms
of functional outcomes although they appear to be bet-
ter for arthrodesis, regarding pain (3). 

Henning et al. performed a randomized controlled 
trial (Level II evidence) comparing primary arthrodesis
with primary open reduction and internal fixation in 40
patients with a mean follow-up of 24 months (21). Pri-
mary arthrodesis resulted in a significant reduction in
the rate of follow-up surgical procedures if hardware
removal is routinely performed with no significant dif-
ference in SF-36 and Short Musculoskeletal Function
Assessment outcome scores when compared to primary
open reduction and internal fixation. No difference in
satisfaction rates was found between primary open
reduction and internal fixation and primary arthrodesis
at an average of 53 months in a phone survey. Ly and
Coetzee performed a prospective, randomized clinical
trial (Level II evidence) comparing primary arthrodesis
with traditional open reduction and internal fixation
(27). The mean AOFAS Midfoot score was 68.6 points
in the open reduction group and 88 points in the arthro-
desis group (p < 0.005). Five patients in the open reduc-
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tion then open reduction is necessary to be sure to ob -
tain an anatomical reduction. The only situation where
the order of stabilization changes is in the presence of
a cuboid fracture where the length of the lateral column
of the foot is shortened and this needs to be addressed
before medial and middle column fixation. 

Post-operative regimen and timing of Hardware 
removal 

After initial internal fixation or arthrodesis the pa tient
is non weight bearing for the first 6 weeks and protec-
ted weight bearing in a walking boot after this if the
wounds have satisfactorily healed. This is rather depen-
dent on the case and the stability of the fixation. The
“non walking boot” is usually used for the first 6 weeks
and a custom orthotic to support the medial longitudi-
nal arch used after this until the patient experiences no
pain on stress testing. This can take up to 9 months. Liga-
mentous injuries take longer to heal than osseous inju-
ries and therefore hardware is left in-situ for at least 
4 months in the internal fixation group (35).

Navicular fractures
The two main aims of treatment are:

1. To maintain the articular congruity of the talonavicu-
lar and naviculocuneiform joints.

2. To maintain length of the medial column of the foot. 
The dorsomedial approach to the navicular can be

used for multifragmentary, displaced, intra-articular
fractures. The skin incision is made in the interval bet-
ween the TA and EHL tendons and the extensor retina-
culum divided. However, superficial to the retinaculum
are branches of the superficial peroneal nerve and care
should be taken handling them due to the incidence of
superficial neuroma formation. Dissection between the
TA and EHL tendons is performed. Full thickness skin
flaps should be maintained and dissection to pe riosteum
performed. The dorsalis pedis and deep peroneal nerve
are near, and deep, to the EHL tendon. In a high-ener-
gy injury, the comminution may be severe. Care should

be taken not to strip the perioste-
um or joint capsule from any small
pieces. If a piece is attached to
a proximal piece of joint capsule,
then the best course of action may
be to flip it proximally so as not to
disrupt its soft-tissue attachments.
Once the joint is reconstructed, this
“trap-door” piece can be reduced
and fixed.

In addition to the dorsomedial
approach the medial utility inci -
sion can also be utilized often in
addition in severe fractures. It pro-
vides access to all the medial struc-
tures of the foot and utilizes a safe
plane between the tibialis posteri-
or and the tibialis anterior. There
are no major neurovascular struc-
tures in this region.
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Fig. 5. Two dorsal incision approach to obtain anatomi-
cal reduction and internal fixation of the tarsometatarsal
joint complex. Also note the medial incision for hardware
insertion. 

tion group had persistent pain with the development of
deformity or secondary osteoarthritis, and they were
eventually treated with arthrodesis. The patients who had
been treated with a primary arthrodesis estimated that
their post-operative level of activities was 92% of their
pre-injury level, whereas the open reduction group esti-
mated that their post-operative level was only 65% of
their pre-operative level (p < 0.005). 

Surgical technique
The TMJC can be exposed via two dorsal incisions

(Fig. 5), though care should be taken not to undermine
the skin in order to preserve the relatively narrow skin
bridge that is created. The first incision is centred over
the 2nd TMT joint and extensor hallucis longus (EHL)
is retracted medially and the extensor digitorum brevis
along with the neurovascular bundle protected laterally.
This gives access to the 1st and 2nd TMT joints as well
as the intercuneiform joints. The lateral incision is cent-
red over the 4th TMT joint and the superficial branch of
the peroneal nerve is at risk. This gives access to the 3rd

– 5th TMT joints. An additional medial stab incision can
be used in order to achieve fixation if intercuneiform
instability exists. An alternative extensile dorsal appro-
ach centred at the base of the 2nd toe to the centre of the
ankle can sometimes be used for combined foot and leg
injuries but more care has to be taken to avoid under-
mining skin in order to prevent tissue necrosis. 

The order of fixation in TMJC injuries is important.
As a general rule fixation should be performed from pro-
ximal to distal and medial to lateral to ensure anatomic
reduction of the entire TMJC. If there is instability pre-
sent between the medial and intermediate cuneiforms
this should be stabilized first via a stab incision medial -
ly and screw fixation. The 1st TMT joint is reduced and
can be held with a K wire that stabilizes the medial
column prior to screw fixation. Following this the use
of a percutaneous clamp placed on the base of the 2nd

metatarsal and medial cuneiform reduces the middle
column. If this is not achievable with closed manipula-
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In simple fractures, reduction compression devices
may lead to over compression and loss of shape and arti-
cular congruency. If the tips of the reduction clamp are
positioned to far proximally, a malreduction is usually
the result. The tips should be positioned in such a way
as to provide even compression across the fracture. The
simple fractures can be fixed with cannulated lag screws
with or without washers depending on bone quality. 

Medial column length is crucial in maintaining the
shape of the medial arch of the foot. If the navicular inju-
ry has resulted in comminution a loss of length can result.
Treatment options in this situation are navicular speci-
fic plating or bridging of the fracture. Hardware from
the talus to the cuneiforms with or without bone graft
will attempt to maintain length of the medial column and
overall shape and alignment of the foot. If this is not an
option primary fusion can be performed but as mentio-
ned previously has a significant consequence on hind-
foot motion effectively eliminating it. 

The form and function of the foot is dependent on the
normal relationship between the medial and lateral
columns. If the relative lengths of the medial and late-
ral columns are not maintained, foot deformity results.
Relative shortening of the medial column leads to a pes
cavus deformity and relative shortening of the lateral
column leads to a pes planus deformity.

Cuboid fractures
Missed fractures or non-operative treatment of dis-

placed cuboid injuries can lead to shortening of the late-
ral column with subsequent pes planus deformity, which
may be painful. Non-displaced fractures around the
cuboid can be treated non-operatively with immobiliza-
tion, with or without restriction of weight bearing. In
cases of lateral column shortening or articular displace-
ment, operative reconstruction is advised. Usually, only
one articular surface of the cuboid is impacted or com-
minuted, equally affecting the calcaneocuboid or the tar-
sometatarsal joint surfaces. Starting from the medial
fragments, the affected articular surface should be recon-
structed using the intact side of the joint as a model.
Similarly to navicular fractures surgical treatment op -
tions in this situation are cuboid specific plating or brid-
ging of the fracture either with internal or external fixa-
tion (54).

AREAS OF TREATMENT UNCERTAINTY

1. There remains debate regarding the best mode of
surgical treatment for unstable TMJC injuries. Based

purely on current evidence, “a primary fusion for liga-
mentous TMJC injuries appears more successful at eli-
minating pain and decreasing the risk of further surgi-
cal procedures considerably compared to primary open
reduction and internal fixation”. 

2. There is some concern however regarding primary
fusion in athletes who sustain a TMJC injury via a lower
energy sporting injury who may be better served by open
reduction and internal fixation if planned return to sport
at a higher level is anticipated. 

3. There is no evidence to guide which fixation me -
thod is superior for a pure ligamentous injury compared
to a combined osseous and ligamentous injury. How
soon after these injuries can hardware be removed and
return to sporting activity be resumed is unknown.

4. What will be the incidence of post-traumatic arth-
ritis and subsequent fusion in patients treated with pri-
mary open reduction and internal fixation? Are there
any prognostic factors that may be able to stratify this
risk?

5. If primary fusion is performed as initial treatment
for a TMJC injury what is the risk of developing post-
traumatic arthritis elsewhere in the foot and ankle?
Should this procedure be reserved for older patients who
sustain this injury?

FINAL GUIDELINES AND RECOMMENDATIONS

1. Multiple authors have correlated worse outcomes
with non-anatomic reduction of unstable TMJC injuri-
es and therefore to ensure anatomic reduction surgical
fixation is required – Level II – IV evidence.

2. TMJC injuries should be treated with open reduc-
tion and internal fixation with combination of screw and
K wire fixation – Level III/IV evidence.

3. TMJC injuries should be treated with primary arth-
rodesis – Level II – IV evidence.

4. Athletes/high demand patients should be conside-
red for open reduction and internal fixation rather than
primary arthrodesis – insufficient evidence.

5. Stable TMJC injuries, which remain anatomically
reduced, can be treated non-operatively – Level IV evi-
dence.

The current evidence available to determine best tre-
atment for midfoot injuries is weak. An algorithm based
on this evidence is shown in (Fig. 6). More Level I evi-
dence is needed to answer some of the areas of treat-
ment uncertainty presented here and this may only be
possible by performing large multicentre prospective
randomized controlled trials in the future. 

s_21_30_arastu_test_acta_sloupce  2/9/12  7:41 PM  Stránka 28



29/ ACTA CHIRURGIAE ORTHOPAEDICAE
ET TRAUMATOLOGIAE ČECHOSL., 79, 2012 CURRENT CONCEPTS REVIEW

SOUBORNÝ REFERÁT

9. CHIODO, C. P., MYERSON, M. S.: Developments and advances
in the diagnosis and treatment of injuries to the tarsometatarsal
joint. Orthop. Clin. North. Am., 32: 11–20, 2001.

10. COSS, H. S., MANOS, R. E., BUONCRISTIANI, A., MILLS, W.
J.: Abduction stress and AP weightbearing radiography of purely
ligamentous injury in the tarsometatarsal joint. Foot Ankle Int.:
19: 537–541, 1998.

11. CURTIS, M. J., MYERSON, M., SZURA, B.: Tarsometatarsal joint
injuries in the athlete. Am. J. Sports Med.: 21: 497–502, 1993.

12. DAVIS, W. H., SOBEL, M., DICARLO, E. F., TORZILLI, P. A.,
DENG, X., GEPPERT, M. J., et al.: Gross, histological, and mic-
rovascular anatomy and biomechanical testing of the spring liga-
ment complex. Foot Ankle Int., 17: 95–102, 1996.

13. DeLEE, J. C.: Fractures and dislocations of the foot. In: Mann, R.
A., Coughlin, M. J., editor. Surgery of the Foot and Ankle. 6th ed.
St Louis: Mosby-Year Book; p. 1465–1703, 1993.

14. De PALMA, L., SANTUCCI, A., SABETTA, S. P., RAPALI, S.:
Anatomy of the Lisfranc joint complex. Foot Ankle Int., 18:
356–364, 1997.

15. EBRAHEIM, N. A., YANG, H., LU, J., BIYANI, A.: Computer
evaluation of second tarsometatarsal joint dislocation. Foot Ank-
le Int., 17: 685–689, 1996.

16. EICHENHOLTZ, S., NAL, D. B.: Fractures of the tarsal navicu-
lar bone. Clin. Orthop. 34: 142–157, 1964.

References

1. AITKEN, A. P., POULSON, D. O. N.: Dislocations of the tarso-
metatarsal joint. J. Bone Jt Surg., 45-A: 246–383, 1963.

2. ALBERTA, F. G., ARONOW, M. S., BARRERO, M., DIAZ-
DORAN, V., SULLIVAN, R. J., ADAMS, D. J.: Ligamentous Lisf-
ranc joint injuries: a biomechanical comparison of dorsal plate and
transarticular screw fixation. Foot Ankle Int., 26: 462–473, 2005.

3. AO Trauma. Lisfranc joint injury. Comparison of open reduction
and internal fixation with primary arthrodesis. Orthop. Trauma
Direct., 9: 17–24, 2011.

4. ARNTZ, C. T., HANSEN, S. T., Jr.: Dislocations and fracture dis-
locations of the tarsometatarsal joints. Orthop. Clin. North. Am.,
18: 105–114, 1987.

5. ARNTZ, C. T., VEITH, R. G., HANSEN, S. T., Jr.: Fractures and
fracture-dislocations of the tarsometatarsal joint. J Bone Jt Surg.,
70-A: 173–181, 1988.

6. ASTION, D. J., DELAND, J. T., OTIS, J. C., KENNEALLY, S.:
Motion of the hindfoot after simulated arthrodesis. J Bone Jt Surg.,
79-A: 241–246, 1997.

7. BRUNET, J. A., WILEY, J. J.: The late results of tarsometatarsal
joint injuries. J Bone Jt Surg., 69-B: 437–440, 1987.

8. CERONI, D., DE ROSA, V., DE COULON, G., KAELIN, A.: The
importance of proper shoe gear and safety stirrups in the preven -
tion of equestrian foot injuries. J. Foot Ankle Surg., 46: 32–39,
2007.

Fig. 6. Treatment algorithm for TMJC injuries.

s_21_30_arastu_test_acta_sloupce  2/9/12  7:41 PM  Stránka 29



30/ ACTA CHIRURGIAE ORTHOPAEDICAE
ET TRAUMATOLOGIAE ČECHOSL., 79, 2012 CURRENT CONCEPTS REVIEW

SOUBORNÝ REFERÁT

39. PREIDLER, K. W., BROSSMANN, J., DAENEN, B., GOOD-
WIN, D., SCHWEITZER, M., RESNICK, D.: MR imaging of the
tarsometatarsal joint: analysis of injuries in 11 patients. AJR Am.
J. Roentgenol., 167: 1217–1222, 1996.

40. PREIDLER, K. W., PEICHA, G., LAJTAI, G., SEIBERT, F. J.,
FOCK, C., SZOLAR, D. M., et al.: Conventional radiography, 
CT, and MR imaging in patients with hyperflexion injuries of the
foot: diagnostic accuracy in the detection of bony and ligamen-
tous changes. AJR Am. J. Roentgenol., 173: 1673–1677, 1999.

41. QUÉNU, E., KÜSS, G. E.: Étude sur les luxations du métatarse
(Luxations métatarso-tarsiennes). Du diastasis entre le 1er et le 2e
métatarsien. Rev. Chir., 39: 1–72, 1909.

42. RAIKIN, S. M., ELIAS, I., DHEER, S., BESSER. M. P., MOR-
RISON, W. B., ZOGA, A. C.: Prediction of midfoot instability in
the subtle Lisfranc injury. Comparison of magnetic resonance ima-
ging with intraoperative findings. J. Bone Jt Surg., 91-A: 892–899,
2009.

43. ROSS, G., CRONIN, R., HAUZENBLAS, J., JULIANO, P.:
Plantar ecchymosis sign: a clinical aid to diagnosis of occult Lis -
franc tarsometatarsal injuries. J. Orthop. Trauma, 10: 119–122,
1996.

44. SAMMARCO, V. J.: The talonavicular and calcaneocuboid joints:
anatomy, biomechanics, and clinical management of the transver-
se tarsal joint. Foot Ankle Clin. 9: 127–145, 2004.

45. SANGEORZAN, B. J., BENIRSCHKE, S. K., MOSCA, V.,
MAYO, K. A., HANSEN, S. T., Jr.: Displaced intra-articular frac-
tures of the tarsal navicular. J. Bone Jt Surg., 71-A: 1504–1510.
1989.

46. SANGEORZAN, B. J., VEITH, R. G., HANSEN, S. T., Jr.: Sal-
vage of Lisfranc’s tarsometatarsal joint by arthrodesis. Foot Ank-
le, 10: 193–200, 1990.

47. SHAPIRO, M. S., WASCHER, D. C., FINERMAN, G. A.: Rup-
ture of Lisfranc’s ligament in athletes. Am. J. Sports Med. 22:
687–691, 1994.

48. SOLAN, M. C., MOORMAN, C. T., 3rd, MIYAMOTO, R. G.,
JASPER, L. E., BELKOFF, S. M.: Ligamentous restraints of the
second tarsometatarsal joint: a biomechanical evaluation. Foot
Ankle Int., 22: 637–641, 2001.

49. STEIN, R. E.: Radiological aspects of the tarsometatarsal joints.
Foot Ankle, 3: 286–289, 1983.

50. THORDARSON, D. B., HURVITZ, G.: PLA screw fixation of
Lisfranc injuries. Foot Ankle Int., 23: 1003–1007, 2002.

51. TORG, J. S., PAVLOV, H., COOLEY, L. H., BRYANT, M. H.,
ARNOCZKY, S. P., BERGFELD, J., et al.: Stress fractures of the
tarsal navicular. A retrospective review of twenty-one cases. J.
Bone Jt Surg., 64-A: 700–712, 1982.

52. TREVINO, S. G., KODROS, S.: Controversies in tarsometatarsal
injuries. Orthop. Clin. North. Am., 26: 229–238, 1995.

53. VAN DORP, K. B., DE VRIES, M. R., VAN DER ELST, M.,
SCHEPERS, T.: Chopart joint injury: a study of outcome and mor-
bidity. J. Foot Ankle Surg., 49: 541–545, 2010.

54. VAN RAAIJ, T. M., DUFFY, P. J., BUCKLEY, R. E.: Displaced
isolated cuboid fractures: results of four cases with operative tre-
atment. Foot Ankle Int., 31: 242–246, 2010.

55. WAUGH W.: The ossification and vascularisation of the tarsal
navicular and their relation to Kohler’s disease. J Bone Joint Surg
Br. 40-B: 765–77, 1958.

56. WEBER, M., LOCHER, S.: Reconstruction of the cuboid in com-
pression fractures: short to midterm results in 12 patients. Foot
Ankle Int., 23: 1008–1013, 2002.

57. WILSON, L. S., Jr., MIZEL, M. S., MICHELSON, J. D.: Foot
and ankle injuries in motor vehicle accidents. Foot Ankle Int., 22:
649–652, 2001.

Corresponding author:
Dr. Richard Buckley, M.D.
Orthopaedics Surgery AC 144A
Foothills Medical Center
Calgary, Alberta, T3B OM6 Canada

17. ENGLANOFF, G., ANGLIN, D., HUTSON, H. R.: Lisfranc frac-
ture-dislocation: a frequently missed diagnosis in the emergency
department. Ann. Emerg. Med., 26: 229–233, 1995.

18. FACISZEWSKI, T., BURKS, R. T., MANASTER, B. J.: Subtle
injuries of the Lisfranc joint. J. Bone Jt Surg., 72-A: 1519–1522,
1990.

19. GILBERT, B. J., HORST, F., NUNLEY, J. A.: Potential donor rota-
tional bone grafts using vascular territories in the foot and ankle.
J Bone Jt Surg., 86-A: 1857–1873, 2004.

20. HARDCASTLE, P. H., RESCHAUER, R., KUTSCHA-LISS-
BERG, E., SCHOFFMANN, W.: Injuries to the tarsometatarsal
joint. Incidence, classification and treatment. J. Bone Jt Surg., 
64-B: 349–356, 1982.

21. HENNING, J. A., JONES, C. B., SIETSEMA, D. L., BOHAY, D.
R., ANDERSON, J. G.: Open reduction internal fixation versus
primary arthrodesis for lisfranc injuries: a prospective randomized
study. Foot Ankle Int., 30: 913–922, 2009.

22. HERMEL, M. B., GERSHON-COHEN. J.: The nutcracker frac-
ture of the cuboid by indirect violence. Radiology, 60: 850–854,
1953.

23. KOMENDA, G. A., MYERSON, M. S., BIDDINGER, K. R.:
Results of arthrodesis of the tarsometatarsal joints after traumatic
injury. J Bone Jt Surg., 78-A: 1665–1676, 1996.

24. KUO, R. S., TEJWANI, N. C., DIGIOVANNI, C. W., HOLT, S.
K., BENIRSCHKE, S. K., HANSEN, S. T., Jr., et al.: Outcome
after open reduction and internal fixation of Lisfranc joint injuri-
es. J Bone Jt Surg., 82-A: 1609–1618, 2000.

25. LEE, C. A., BIRKEDAL, J. P., DICKERSON, E. A., VIETA, P.
A., Jr., WEBB, L. X., TEASDALL, R. D.: Stabilization of Lisf-
ranc joint injuries: a biomechanical study. Foot Ankle Int., 25:
365–370, 2004.

26. LU, J., EBRAHEIM, N. A., SKIE, M., PORSHINSKY, B., YEAS-
TING, R. A.: Radiographic and computed tomographic evalua-
tion of Lisfranc dislocation: a cadaver study. Foot Ankle Int., 18:
35135–5, 1997.

27. LY, T. V., COETZEE, J. C.: Treatment of primarily ligamentous
Lisfranc joint injuries: primary arthrodesis compared with open
reduction and internal fixation. A prospective, randomized study.
J Bone Jt Surg., 88-A: 514–520, 2006.

28. MEYER, S. A., CALLAGHAN, J. J., ALBRIGHT, J. P., CROW-
LEY, E. T., POWELL, J. W.: Midfoot sprains in collegiate foot-
ball players. Am. J. Sports Med., 22: 392–401, 1994.

29. MILLER, C. M., WINTER, W. G., BUCKNELL, A. L., JONAS-
SEN, E. A.: Injuries to the midtarsal joint and lesser tarsal bones.
J. Am. Acad. Orthop. Surg., 6: 249–258, 1998.

30. MULIER, T., REYNDERS, P., DEREYMAEKER, G., BROOS,
P.: Severe Lisfrancs injuries: primary arthrodesis or ORIF? Foot
Ankle Int., 23: 902–905, 2002.

31. MULIER, T., REYNDERS, P., SIOEN, W., VAN DEN BERGH,
J., DE REYMAEKER, G., REYNAERT, P., et al.: The treatment
of Lisfranc injuries. Acta Orthop., 63-B: 82–90, 1997.

32. MYERSON, M.: The diagnosis and treatment of injuries to the
Lisfranc joint complex. Orthop. Clin. North. Am.: 20: 655–64,
1989.

33. MYERSON, M. S.: The diagnosis and treatment of injury to the
tarsometatarsal joint complex. J. Bone Jt Surg., 81-B: 756–763,
1999.

34. MYERSON, M. S., CERRATO, R. A.: Current management of
tarsometatarsal injuries in the athlete. J. Bone Jt Surg., 90-A:
2522–2533, 2008.

35. MYERSON, M. S., CERRATO, R.: Current management of tar-
sometatarsal injuries in the athlete. Instr. Course Lect., 58:
583–594, 2009.

36. MYERSON, M. S., FISHER, R. T., BURGESS, A. R., KENZO-
RA, J. E.: Fracture dislocations of the tarsometatarsal joints: end
results correlated with pathology and treatment. Foot Ankle, 6:
225–242, 1986.

37. NUNLEY, J. A., VERTULLO, C. J.: Classification, investigation,
and management of midfoot sprains: Lisfranc injuries in the ath-
lete. Am. J. Sports Med., 30: 871–878, 2002.

38. OUZOUNIAN, T. J., SHEREFF, M. J.: In vitro determination of
midfoot motion. Foot Ankle, 10: 140–146, 1989.

s_21_30_arastu_test_acta_sloupce  2/9/12  7:41 PM  Stránka 30



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUS <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


