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Abstract

Background: Catastrophic health expenditure (CHE) is a situation where a household’s out of pocket medical
payments are excessively high relative to its income, potentially leading to impoverishment. This study explores the
risk factors associated with CHE in the management of diarrhea among children enrolled in Enterics for Global
Health (EFGH) facilities in Karachi, Pakistan.

Methods: We conducted a secondary analysis of data from 1,400 children presenting with diarrhea at Pakistan EFGH
facilities. We estimated households’ direct medical and non-medical costs incurred during a diarrhea episode. CHE
was defined as healthcare expenditures exceeding 10% of total monthly household expenditure. Risk factors for CHE
were assessed using univariate and multivariate regression models.

Results: CHE was observed in 9 (0.6%) households. Children experiencing severe diarrhea were 9.53 times (95%
CI: 1.93-46.91, p=0.006) more likely to incur CHE compared to those with mild cases. Children with
Cryptosporidium had a 7.08 times higher risk (95% CI: 1.46-34.38, p=0.015) compared to non- cryptosporidium.
Children who presented at the health facility with both diarrhea and moderate or severe wasting were 5.47 and 9.71
times more likely to experience CHE compared to those without wasting (95% CI: 1.01-29.69, p=0.011 and 1.64-
57.6, p=0.012) respectively. Similarly, children who were moderately underweight were 5.4 times more likely to
experience CHE compared to those who were not underweight (95% CI: 1.01-29.69, p=0.043). After adjusting for
diarrhea severity, the risk of CHE among households where the father’s education was limited to Quranic schooling
was 8.4 times higher compared to no formal education (95% CI: 1.13-62.49, p=0.038).

Conclusion: Although CHE related to child diarrhea treatment is rare, it can have severe economic outcomes. Severe
diarrhea, malnutrition, and Cryptosporidium infection were predictors of increased risk of CHE. Improving access
to affordable healthcare, vaccination and nutritional programs, water, sanitation, and hygiene (WASH) practices and
financial support could reduce the impact of CHE and protect vulnerable households.
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Introduction

A tibial pylon fracture is considered to be any fracture of the distal  the energy released in a trauma, by the tibial end in an axial direction on the
metaphysis of the tibia that reaches the ankle joint. They were initially  talus, resulting in a fracture of the end of the tibia involved.'?

described in 1911 by Etienne Destot, who based himself on the word "pylon",
originating from the French language meaning "mortar", as a term to describe
the mechanical interaction between the distal end of the tibia and the talus.
The designation "pylon" (mortar) relates to the traumatic mechanism
involved in these fractures when force vectors are generated, as a result of

Tibial pilon fractures, although rare, are a major challenge for most
traumatologists; This is determined by the possible existence of associated
soft tissue lesions and, on the other hand, the great difficulty of their
treatment due to the diversity of possible fracture traces. They represent a
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trauma to the lower extremity, which is one of the most serious and
compromising injuries in this region of the human body.?

It is a rare injury that accounts for less than 1% of all fractures of the lower
limb and possible causes include falls from height, car accidents, accidents
during sports practices and other accidents of daily life.#

These lesions are associated with significant inflammation of the
surrounding tissues and therefore often require initial external fixation
(damage control) due to collateral lesions in these structures. Despite
advances, tibial pilon fractures continue to pose a high risk of complications
today, making them a challenge for orthopedic surgeons.>¢

The purpose of this review article is to analyze the most interesting data
regarding these fractures related to concept, history, epidemiology, etiology,
classifications and correct management of each patient, all aimed at
achieving an adequate diagnosis and correct treatment.

Search Strategy And Selection Criteria

The references were identified by searching PubMed, Google Scholar and
Elsevier for publications between 2013-2025 in English with the terms:
"tibial pilon fractures”, "fractures of the distal end of the tibia" and
"metaphyso-articular fractures of the distal tibia". Articles accessible freely
or through the Clinical key and Hinari services were also reviewed.

A number of articles were selected that met the necessary requirements to
support this review. Articles were added that are more than ten years old, but
that are key to the topic. We excluded papers because they were duplicates
or the source data were insufficient. Power Point presentations were
discarded.

Summary

Tibial pilon fractures are one of the most difficult fractures to treat that are
associated with a high incidence of post-traumatic osteoarthritis. They are a
challenge for traumatologists, determined by the diversity of fracture traces
and the frequent existence of associated soft tissue injuries. The purpose of
this article is to review the data of interest related to concept, history,
epidemiology, etiology, classifications and correct management.

The references were identified by searching PubMed, Google Scholar and
Elsevier for publications between 2013-2025 in English with the terms:
"tibial pylon fractures", "fractures of the distal end of the tibia" and
"metaphyso-articular fractures of the distal tibia".

Tibial pilon fractures, which are more common in men, are rare (between 3%
and 10% of all tibia fractures and less than 1% of all lower extremity
fractures). They occur around the fourth or fifth decade of life, presenting a
bimodal peak between 25 and 50 years of age. In 75-90% of cases, the fibula
is also fractured. Etienne Destot (1911) described this fracture, of which
there are various classifications.

Fractures of the tibial pilon, which are difficult to treat, are a challenge for
traumatologists.

Development
History

Albin Lambotte, in 1907, mentions fractures involving the articular surface
of the distal tibia, referring since then to the severity of them and the great
difficulties in their treatment.”

Destot is recognized in 1911 as the first to define the term "tibial pylon
fractures" to strictly describe fractures limited to the supporting surface of
the distal tibial end.?

Ferguson and Mears (1980) define it as a fracture involving the distal
extremity of the tibia, with progression to the ankle joint. Specifically, they
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refer to a comminuted fracture, usually of four or more fragments, affecting
the articular surface and the distal metaphysis of the tibia, even with
occasional extension into the diaphysis.?

These fractures differ from bimalleolar fractures in that the tibiofibular
ligament remains intact in almost all cases. In those in which the fibula
remains intact, there is at least one tibial fragment attached to it by
tibiofibular syndesmosis. This explains why traction methods can reduce
these fractures. It is also not common for the deltoid ligament to be torn.’

Fibula fractures are very common, generally related to tibial displacement,
and are quite peculiar, with corticocancellous impaction, which distinguishes
them from classic malleolar fractures.!?

Epidemiology

Tibial pilon fractures are quite rare, accounting for 3% to 10% of all tibia
fractures and less than 1% of all lower extremity fractures. They constitute
approximately 2% to 5% of all fractures of the tibio-peroneal-talar joint,
according to the criteria of different authors. Men tend to suffer these injuries
slightly more often than women, with most injuries occurring around the
fourth or fifth decade of life, with a bimodal peak between the ages of 25 and
50. In 75-90% of cases, the fibula is also fractured. Tibial pilon fractures with
the fibula unscathed usually occur in 10-25% of all fractures, and recent
studies have suggested that tibial pilon fractures are probably less
comminuted and less severe when the fibula remains intact.!!-13

Etiology

Unlike simple ankle fractures, tibial pilon fractures are usually the result of
high-energy trauma with a large axial force, which basically causes the tibial
ceiling to burst over the talus. Sometimes low energy rotational forces, for
example in skiing accidents, can also lead to pylon fractures, but the decrease
seen in these fractures is usually less severe. Most commonly, high-energy
trauma is due to falls or jumps from higher heights (approximately 2-3
meters). or car accidents.!? 1415

Compared to ankle fractures, the distal tibia has a relatively thin envelope of
soft tissue prone to injury in high-energy trauma. The high energy
surrounding accidents also cause serious damage to the surrounding soft
tissues. These fractures are usually associated with injuries to other organs
and the musculoskeletal system, and involve additional fractures, as they
occur in the context of polytraumatized patients. 6% of all patients with tibial
pilon fractures have multiple injuries and require hospitalization in intensive
care units.!&17

It is also described that tibial pilon fractures can be caused by low-energy
trauma mechanisms, although they are less common. These can occur in the
context of torsional trauma during sports activities or even in patients with
some type of bone compromise that leads to bone fragility, such as cases of
osteopenia or osteoporosis. '8

Typically, these types of fractures are caused by rotational force in the distal
tibia rather than axial loading, resulting in less comminution, displacement,
and soft tissue damage compared to high-energy trauma.'®1?

The fracture pattern is determined by the position of the foot and talus at the
time of injury, which is considered a deciding factor. Emphasis is placed on
the position of the foot and the impact of axial forces on it, as well as on the
plane in which it is located. For example, fractures that occur in a sagittal
plane usually occur in young patients with high-energy trauma, with the foot
in varus angulation at the time of impact. On the other hand, fractures that
occur in a coronal plane usually occur in older patients, with the foot in
valgus angulation, and correspond to low-energy trauma.?%?!

As for the position of the foot, if it is in plantar flexion at the time of the
trauma, the force is likely to cause a fracture in the back, while if it is in
dorsiflexion, it will cause anterior compression of the pylon.!%!
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In cases of neutral foot position at the moment of impact, the talus will act
as a mortar with respect to the tibia, producing vertical compression with
axial load on the talus against the tibial end, resulting in a more serious
impact and causing a "Y" shaped compression and the consequent
destruction of the entire articular surface. Therefore, the position of the foot
and talus with respect to the forces and plane at the time of impact is
considered a predictor of fracture. The severity of the trauma is, therefore,
one of the determinants of the type of injury and thus a predictor of long-
term outcome.?2-24

The rate of open fractures varies greatly depending on the mechanism of
injury, with up to 50% in high-energy trauma.3

Classification

g

& o
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Several classification systems have been described for tibial pilon fractures.
Lauge Hansen described them as a pronation-dorsiflexion fracture with
progression in four stages.?

Riiedi and Allgéwer in 1969 were among the first trauma surgeons to
comprehensively investigate pilon fractures. From the cohort study they
conducted, they derived a classification system that separated pylon fractures
into three different categories according to the degree of comminution and
the degree of metaphyseal and articular surface displacement (Figure 1).26-28

- Type I, which is an intra-articular fracture without joint displacement.

- Type 11, which is an intra-articular fracture with significant displacement
of the joint surface without comminution.

- Type III, which are intra-articular fractures with significant impaction and
comminution of the distal tibia.

Figure 1: Ruedi-Allgower classification.

Source: Qiu X, Li X, Qi X, Wang Z, Chen Y. What Is the Most Reliable Classification System to Assess Tibial Pilon Fractures? The Journal of Foot and

Ankle Surgery. 2020 Jan;59(1):48-52.2°

In addition, they formulated a treatment plan for each type of pylon fracture.
Overall, this classification system oversimplifies the description of highly
complex fracture sites in pylon fractures and therefore lacks the ability to
provide sufficient support in preoperative planning. Nonetheless, it laid the
foundation for future classification systems.3¢

Later, Ovadia and Beals modified this classification and added two other
types, in which they included fractures that extend involving both the

metaphysis and the diaphysis, presenting a higher degree of comminution
and being caused by high-energy traumas (Figure 2).31:32

- Type IV has a large metaphyseal defect

- Type V has a high degree of comminution.

Figure 2: Subtypes 1V, V, added by Ovadia and Beals.

Source: Qiu X, Li X, Qi X, Wang Z, Chen Y. What Is the Most Reliable Classification System to Assess Tibial Pilon Fractures? The Journal of Foot and

Ankle Surgery. 2020 Jan;59(1):48-52.%

In 1990, the AO/OTA developed a more extensive classification system for
all fractures of the body based on the comprehensive classification of
fractures of the long bones developed by Miiller that uses alphanumeric
codes and has been regularly revised and updated. This classification
proposes to group fractures into three categories according to their degree of
joint involvement and comminution. Type A corresponds to extra-articular

fractures, type B to partial joint fractures and type C to complete joint
fractures. Most type B fractures are caused by a torsional mechanism, while
group C fractures are caused by high-energy compression.3334

True tibial pilon fractures are classified with the code AO 43C, additional
numbers are added to describe the exact location, comminution and extent of
the fracture (Figure 3). While the AO classification system is generally
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understood worldwide, it has moderate to low intra- and interobserver
reliability. However, this problem does not appear to be problematic in terms
of outcome and quality of reduction and it has been suggested that the routine
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use of 3D imaging in these complex fractures will further improve the
reliability of the classification system.
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Figure 3: AO/OTA classification for tibial pilon fractures.

Source: Qiu X, Li X, Qi X, Wang Z, Chen Y. What Is the Most Reliable Classification System to Assess Tibial Pilon Fractures? The Journal of Foot and

Ankle Surgery. 2020 Jan;59(1):48-52.33:34

Topliss introduced a more advanced classification system using a computed
tomography to identify the six typical fragments: an anterolateral, anterior,

posterior, posterolateral, medial, and central puncture fragment (Figure 4).
They are present with varying frequency and must be carefully analyzed to
choose the appropriate focus and plate position.33

Figure 4: Topliss classification in CT image.
Reading: A, previous excerpt; AL, anterolateral fragment; P, later fragment; PL
posterolateral fragment; C, central fragment; M, medial fragment; F, fibula.

Source: Topliss CJ, Jackson M, Atkins RM. Anatomy of pilon fractures of the distal tibia. J] Bone Joint Surg Br. 2005; 87:692-7. doi: 10.1302/0301-

620X.87B5.159823%

Topliss's classification systems showed only moderate agreement, even
when CT scan data were used, and concluded that the classification of pylon
fractures still remains largely undetermined.**

In 2017, Leonetti and Tigani published a new classification system for pylon
fractures (Figure 5) that evaluated four components: joint involvement,
displacement and number of joint fragments, direction of the main fracture
line, and comminution. It is based on a preoperative CT scan, an imaging
tool available at most trauma centers. The use of computed tomography data

for the management of pylon fractures is widely accepted and allows a better
understanding of the morphology of the fracture (number of fragments,
displacement, and degree of comminution), improving preoperative planning
and treatment.3¢

The new pylon fracture classification system proposed by Leonetti and
Tigani showed near-perfect reliability and reproducibility in the original
publication.
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Figure 5: Pylon fracture classification system is based on computed tomography.

Source: Leonetti D, Tigani D: Pilon fractures: A new classification system based on CT scan. Injury 2017; 48:2311-7.36

Tibial pilon fractures are recognized as one of the most difficult fractures to
treat and are associated with a high incidence of post-traumatic osteoarthritis
later in life. Preventing this disability is critical and requires restoring
optimal joint function by restoring joint surface congruence, overall joint
stability, and proper load distribution.

To achieve this goal, optimal surgical treatment and postoperative
rehabilitation are essential. Optimal surgical treatment depends on precise
preoperative planning, for which adequate knowledge of the fracture is
necessary. Fractures can be assessed using classification tools, and several
have been proposed to assess tibial pilon fractures, indicate a treatment
strategy, and predict patient clinical outcomes.

These tools provide a system for classifying the fracture pattern, but they
remain highly subjective based on diagnostic experience and the type of
medical imaging used. Studies comparing the reliability of these
classification tools have incorporated different imaging modalities
(radiography, CT and MRI) as a method to evaluate changes in intraobserver
and interobserver agreement according to the examinations used by the
diagnosing professional. While advances in medical imaging have allowed
for a more accurate representation of fracture preoperatively, there is still a
need to assess whether these classification tools are adequate to accurately
group similar fracture patterns and thus guide surgical planning and
postoperative management.

Audigé proposes the validation of a classification system that includes three
key criteria: apparent and content validity, accuracy and reliability, and
construct validity, which refers to the relationship between fracture
categories and surgical outcomes when considered in conjunction with
fracture management plans. Of all the classification systems proposed for
tibial plateau fracture, few have been evaluated for reliability and even fewer
have been compared with other classification systems.®

It should be noted that in this type of fracture the soft tissues are usually
highly affected, so it is important to classify the degree of damage to them in
order to establish possible treatment strategies. For open fractures, the
Gustillo and Anderson classification system is used, while for closed
fractures the Tscherne classification is used.3”3

Management

Deformity, functional impairment, and edema are classic clinical signs of
most fractures, and the inability to bear weight may indicate the presence of
these injuries. Tibial pylon fractures caused by a high-energy mechanism are
usually evident during patient inspection, while those caused by a torsional
mechanism often exhibit more subtle signs. Therefore, it is important to take
a good history to obtain information about the timing and mechanism of the
injury, as well as to identify associated comorbidities such as vascular
disease, diabetes mellitus, smoking, peripheral neuropathy, among others,
that could increase the risk of complications at the surgical site.!!

These comorbidities should be adequately addressed during the perioperative
period, as it has been observed that poor management of them in these
patients leads to a greater impact of reoperation surgeries, high infection rate,
and complications. It has been particularly reported that smoking patients
have a greater complication and dehiscence of the surgical site due to the
association with microvascular pathology.'">1?

Particular care should be taken when performing a detailed physical
examination once life-threatening injuries have been ruled out. The examiner
should evaluate the affected limb, paying attention to clinical signs that could
indicate associated injuries. It is important to assess neurovascular status,
soft tissue involvement, and look for data that suggests the presence of a
compartment syndrome that requires urgent surgical intervention.?!

In addition, radiological evaluation is important. Not only should images of
the distal end of the tibia, ankle, and shroud be considered, but other sites
should also be included. Due to the usual mechanism of trauma, patients may
be polytraumatized, so the entirety of the tibia and fibula should be evaluated
to determine the possible extent of the fracture in the tibial shaft or the
presence of coexisting proximal fractures.Assessment of soft tissue severity
is crucial to determine the timing of surgery, as the edema present in the soft
tissues and the severity of the soft tissue injuries play an important role in
the decision to perform definitive fixation. It is recommended to postpone
definitive fixation until adequate re-epithelialization of the region is
achieved, since definitive and early internal fixation is associated with worse
outcomes and increased complications at the surgical site.?!
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Conclusions

Tibial pilon fractures are recognized as one of the most difficult fractures to
treat, initially described by Etienne Destot, they are usually the result of high-
energy trauma with a high axial force, which basically causes the tibial
ceiling to burst on the talus. Despite having a low incidence, they occur more
in middle-aged men (between 30 and 40 years old) with a bimodal form
between 25 and 50 years of age.

Multiple classifications of tibial pylon fractures are described, some with the
use of radiology images and others with CT scans, among which those of
Lauge Hansen, Riledi and Allgower, AO/OTA, Topliss and Leonetti and
Tigani stand out. An adequate understanding of the mechanism of fracture
production and its correct classification are the basis of the indicated
management, taking into account the state of the soft tissues of the injured

area.
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