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Abstract

Pelvic fractures in the pediatric population are infrequent, however they are an indicator of high-
energy trauma. There are anatomical and physiological differences with respect to pelvic trauma
in the adult population that translate into different mortality rates, fracture patterns, and
associated injuries. They present a high rate of associated injuries, and are those that usually
dictate prognosis. The purpose of this study is to describe the characteristics of pelvic trauma in
a pediatric population attended at a high-complexity institution in the city of Medellin.

Materials and methods: We developed a retrospective analysis of the care of patients with
pediatric pelvic trauma for 10 years (2011-2020) in a highly complex center in the city of
Medellin, through a database, information on the was obtained relevant variables such as vital
signs, associated injuries, radiological classification, mortality etc.

Results: A total of 91 patients under 16 years of age (59 men and 32 women) were included,
with an average age of 9.4 years. The most frequent trauma mechanism was the traffic accident
as a pedestrian (44%). 65.1% of associated extraskeletal injuries were found, with blunt
abdominal trauma (34.1%) and encephalocranial (30.8%) being the most frequent and 38.5%
associated orthopedic injuries. Most of the fractures were classified as Torode and Zieg type Il
in 61.5%. A mortality of 2.2% was found, both deaths secondary to severe brain injury. Only 5
patients required urgent procedures to control pelvic bleeding and most of the patients received
orthopedic management (85.7%).

Conclusions: Pelvic fractures in the pediatric population are infrequent and although the
mortality rate is low, it presents a high rate of associated injuries which are generally the cause
of death. The Torode and Zieg classification, although it is the most used presents important
weaknesses in the categorization of patients and when defining a management and prognosis.

Keywords: Pelvic fractures; Torode and Zieg; pediatric fractures; polytrauma
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Introduction

According to the current literature, trauma represents the main cause of death in children
between 5 and 14 years of age, and the fifth between 0 and 5 years of age (1,2). Pelvic
fractures in the pediatric population are unusual injuries, present in between 0.3% and 4% of
patients with polytrauma (3-5). They are not a frequent cause of mortality, but they are an
indicator of a high-energy mechanism, therefore they should alert health personnel to the
presence of other life-threatening injuries such as cranial brain trauma (TEC), chest and
abdominal.

To date, we have not found reports published in the literature that characterize these injuries at
the local level, therefore, most of the therapeutic behaviors are extrapolated from data extracted
from studies carried out in other countries or from recommendations for pelvic trauma in the
adult population.

The objective of the study is to describe the epidemiological and radiological characteristics,
associated injuries, treatment, and complications of pelvic trauma in the pediatric population
treated in a high complexity institution in the city of Medellin.

Materials and methods

A retrospective, observational and descriptive study was carried out of patients under 16 years
of age, from January 2011 to December 2020, who presented to the emergency service of the
Hospital Universitario San Vicente Fundacion and whose diagnoses included trauma or pelvic
fracture. The patients were identified through the review of the institutional database with the
related CIE-10 diagnoses, which were confirmed by plain radiography (RX) or computerized
axial tomography (CT) images.

Once the database was obtained, a Google Docs form was developed where the following
variables were recorded: Age at the time of consultation, sex, vital signs at admission, origin,
mechanism of trauma, findings on the physical examination of pelvic admission and soft tissues,
associated injuries, clinical signs of shock, need for transfusions, length of stay in hospital and
in intensive / special care units, classification of trauma according to Torode and Zieg (6), need
for orthopedic or other surgical procedures, management definitive and cause of mortality.
Those patients in whom images (conventional X-ray or CT) could not be accessed to confirm
the diagnosis were excluded from the study.

SPSS 22® statistical software was used for data analysis. The distribution of the variables was
verified through the Kolmogorov-Smirnov test. Quantitative variables are described through
means and standard deviations in the case of having a normal distribution, those with another
type of distribution were described through medians and interquartile range (IQR). The
qualitative variables were described in absolute numbers and proportions.

Results

The study included 91 patients under 16 years of age in the analysis period from 2011 to 2020.
The distribution by gender was 59 male and 32 females, with a ratio of 1.6: 1 respectively. The
mean age of presentation was 9.4 years. The youngest registered in the study was 13 months,
who presented a pelvic fracture due to a traffic accident. The mean hospital stay was 12.4 days
and a total of 38 patients (41.7%) required admission to the Special and / or Intensive Care Unit,
where the mean stay was 4.81 days (Table 1).

Mechanism of trauma
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The most frequent trauma mechanism recorded was a traffic accident as a pedestrian (44%),
followed as a driver and / or occupant (19.8%) and by falling from a height (23.1%). Sports
injuries were infrequent (3.3%). 6 patients were classified as “other mechanism”, 3 of them with
gunshot wounds and 3 by crushing with blunt objects.

Fracture patterns

The initial imaging diagnosis was made in 53.8% by simple radiology, however, a computed
tomography of the pelvis was requested in 76.9%. Detailed radiological evaluation showed that
most of them had open triradiate cartilage (signs of skeletal immaturity) (71.4%). According to
the Torode and Zieg classification, the most frequent subtype was grade Il (61.6%), followed by
grade IV (18.7%) (Figure 2). Within the grade lll, a pattern of fractures of the pubic branches
was also found as the most common subclassification (45.1%), only 8.8% of the acetabular
extension presentation (62.5% with transverse pattern) and 5 5% involvement of the triradiate
cartilage.

Clinic and associated injuries

In relation to the clinical presentation, the findings were pain on palpation of the pelvic bony
prominences (75.8%), ecchymosis (25.3%) and excoriations (23.1%). Soft tissue avulsion
without bone exposure was present in 17.6%, while open fractures to the skin (1.1%), or to the
rectum and / or vagina (3.3%) and Morel Lavallé type injuries (1.1%) were infrequent.

A total of 29 patients (31.9%) were admitted to the institution with clinical signs of shock, a
similar percentage required transfusion of blood products (34.1%) at some point during their
hospital stay.

Regarding the associated injuries, the orthopedic ones were in 38.5%, the most frequent:
fractures of the distal humerus (13.2%), and diaphyseal (8.8%), forearm (8.8%) and hip ( 7.7%).
More unusual were the tibia with 6.6%, spine (6.6%), foot and clavicle (each with 2.2%).
Associated non-orthopedic injuries occurred in 65.9%. Of these, the most frequent were blunt
abdominal trauma (34.1%) and head injury (30.8%), followed by chest injuries (27.5%). Despite
the fact that head injury was registered in a significant proportion, only 7 of the 28 were
classified as severe. Only one case with associated vascular injury was recorded, it was a 15-
year-old patient with type IV Torode-Zieg fracture, bleeding with hemodynamic instability,
required external fixation, angioembolization and diagnosis of external iliac arterial thrombosis
requiring endovascular management for thrombectomy.

30.8% (28 patients) presented evidence of pelvic or retroperitoneal bleeding by simple
tomography. 15 of those 28 (53.5%) presented clinical signs of shock upon admission
(compared to 31.9% of the total) and 92.8% were classified by Torode as Ill, 2 as Torode I,
none as type I).

Mortality

Two deaths were recorded (2.2%), both patients with closed triradiate cartilage (signs of skeletal
maturity), pelvic fractures classified as Torode-Zieg IV, neither of them attributable to the pelvic
injury alone, the cause of death. in both it was a TEC tomb.

Treatment

Regarding acute management, 86.8% of the patients did not require immediate interventions in

order to control pelvic bleeding, only 3.3% required emergency external fixation, 3.3%
angioembolization, and 1.1% pelvic packing. Definitive treatment was mostly conservative with
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rest, protected support and analgesia in 85.7%. In total 13 patients were taken to surgical
stabilization, 84.6% underwent internal fixation and 15.3% external, 10 of these 13 patients
were performed from 2017 onwards.

The average number of orthopedic surgeries per patient was 0.72 (most for causes other than
the pelvis) and 0.57 for non-orthopedic surgeries. A total of 31 patients required transfusion of
blood products at some point during their in hospital stay, in 11 of them (35.4%) the need was
attributed to pelvic bleeding, with no other potential bleeding sites to explain the decrease in
hemoglobin.

Discussion

Trauma is the leading cause of death in children aged 5-14 years in many countries around the
world (1,2). Pelvic injuries in the pediatric population are infrequent (3,6,7), variable percentages
between 0.3% and 4% of all fractures in children are reported (4,5,7), however they are
considered a strong indicator of a high-energy mechanism. There are important structural
differences with the adult population, therefore severe bleeding secondary to pelvic trauma is
not common and does not seem to contribute significantly to mortality in these patients (8-10).
There are few reports of pelvic fractures in children, from our knowledge to date this is the first
to characterize this population in Colombia and the study with the largest number of patients in
Latin America.

In relation to demographic characteristics, we found a greater involvement of the male gender
with a 1.6: 1 ratio, very similar to that reported by Gansslen of 1.4: 1 (1,11). The mean age of
9.9 years is in agreement with the 9.4 years reported by Smith et al (3) in one of the published
studies with a larger population sample in this context.

Regarding the mechanism of trauma, we found that 63.8% was due to a traffic accident with a
higher incidence of trauma as a pedestrian (44% pedestrian, 19.8% driver or occupant) as
opposed to trauma in adults where it is more frequent as driver or occupant (9,13,27).

In initial descriptions published in 1966 (12) a mortality rate of 25% was reported, however
these figures have been gradually decreasing and the most recent publications report
percentages ranging between 2% and 25% (5,10,13,14) with an average of 6.4% (1). In this
study it was 2.2%, a percentage slightly lower than that registered in the most representative
series of recent literature (5.6% - 6.4%) (15,16). The causes are attributable to injuries
especially associated with severe head injury (17), similar to that found in other publications
(15,16).

The most frequent clinical finding is pain on palpation with 75.8% and ecchymosis or
excoriations with 48.4%. 6 of the 8 patients with clinical ring instability on admission were
classified as Torode IV, the remaining two Torode IlIA and IlIB. For this reason, in the presence
of clinical findings suggestive of an unstable pelvic injury, CT may be useful to characterize
complex pelvic fractures and rule out associated injuries.

Classically, it has been considered that in contrast to adults, children have a higher proportion of
single bone fractures (9,18,19). In this study, a different distribution was found with a proportion
of fractures in two or more segments of the pelvic ring (Torode-Zieg IlIB and IV) of 35.2%. Most
of the patients were classified as grade lll (61.6%), followed by type IV, type Il, and a minority of
patients classified as type | (Figure 2). The findings are consistent with the descriptions of some
of the most representative series in the literature, such as that by Silber et al (20) and Shaath et
al (21) who recorded 63.2% and 67% of type Ill fractures, respectively. This predominant
distribution of high-energy injuries may be explained by a population sample obtained from a
center with a high level of complexity and possibly in relation to the most common trauma
mechanism (traffic accidents).

The Torode and Zieg classification (14) has shown to have an important prognostic value,
especially due to the presence of concomitant injuries rather than the prediction of the prognosis
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of pelvic injury as such (Figure 1) (14,22). There are certain descriptive weaknesses of this
classification that were evident in this study: the radiological characteristics of grade | and Il
lesions are clear and reproducible, however the Torode-Zieg lll include a large number of
patterns that can range from a branch fracture pubic to potentially unstable anterior and
posterior ring lesions. This results in a general and nonspecific categorization that ultimately
translates into important therapeutic, functional and prognostic differences in the same group of
patients. The lack of specification of radiological criteria for the subclassifications can lead to
erroneous categorizations that reduce their predictive value in making therapeutic decisions. It
is for this reason that more recent studies (3,13,16,21) have made modifications to the
classification of those patterns that are not clearly grouped (associated acetabular fractures,
bilateral anterior ring fractures, among others) or used systems of extrapolated classification of
pelvic fractures in adults such as Tile's. Furthermore, since it is a classification proposed since
1985, it has presented inconsistencies with the advent of more advanced imaging aids with
higher resolution like CT, for this reason there may be an under-registration, especially of type |
lesions (17). Regarding the radiological diagnosis, it was found that 46.2% of the fractures were
not visualized in the plain radiography, it is for this reason that some authors recommend the
systematic performance of tomography (23) due to the low sensitivity (54%) of the radiography
in the initial diagnosis of pelvic injuries in the pediatric population. Despite these observations,
there are no solid recommendations in this regard; however, in patients with high-energy trauma
and clinical suspicion of pelvic ring involvement, the request for a simple CT scan may be
reasonable in order to confirm or characterize a pelvic fracture, how to evaluate compromise of
pelvic and / or intra-abdominal structures.

Associated injuries largely dictate the prognosis of these patients. Chia et al (18) described a
proportion of 78%. The most frequent was head injury (44%), lower limb fractures (42%), chest
injuries (27%), abdominal and urogenital injuries each with 17%.

Shaath et al (21) performed an analysis of pelvic fractures in patients with immature skeleton
versus closed triradiate cartilage, finding concomitant musculoskeletal injuries in 43% and 73%,
respectively. They evidenced a thoracic compromise between 87% and 88%, abdominal
between 25% and 47% and head injury in 44% in both groups.

In this research, similar figures were found in relation to blunt abdominal trauma (34.1%),
however, lower values of head injury (30.8%), concurrent musculoskeletal involvement (38.5%)
and even more were observed. low number of closed chest injuries (27.5%). These variations
could be related to differences in the mechanism of trauma, since in Shaath's study (21) the
majority were traffic accidents as occupants of motor vehicles and there may be variations in the
definition of trauma to the abdomen and / or chest in the study concepts.

Previous series report percentages of pelvic and / or retroperitoneal bleeding variables between
9% and 46% (1,10). We found tomographic evidence of bleeding in 30.8% (28 patients) of the
patients, however there may be an underreporting both in our series and in the rest of the series
since not all of them were subjected to advanced imaging techniques and most of the The
analyzes in this study were performed on simple tomography whose sensitivity may be lower
compared to contrasted and / or angiographic techniques (24). Only 5 of these 28 required an
invasive procedure to control pelvic bleeding (1 for external fixation, 1 packing, 1
angioembolization, and 2 external fixation and angioembolization). This can be explained by the
physiological and structural differences that allow better control and containment of bleeding,
such as: thicker periosteum that prevents greater bone displacement and the intense
vasoconstrictor phenomenon typical of this age group (5,17,25,26).

Surprisingly, the lower hemoglobin values did not appear in patients with signs of shock upon
admission or in those with a fatal outcome; it is possible that the follow-up and the magnitude of
the fall in hemoglobin represent a more important prognostic factor in the outcome a short term.

Regarding the definitive treatment, 85.7% of patients in our series had conservative
management with load restriction and analgesic management, values similar to the international
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literature where the percentages are between 77.5% and 94% (5,16,18,26). Pelvic ring
displacements greater than 2 centimeters, acetabular involvement and / or triradiate cartilage
with articular gaps of 2 millimeters or more have been described as reference points for
considering surgical management.

Smith et al. (3) in a long-term study looked for functional outcomes (length discrepancy, limping
and sacroiliac pain), for this reason they propose surgical management with ring asymmetries
greater than 1.1 cm to look for more anatomical reductions, especially in those lesions with
mechanical instability (Torode V).

Of the 11 patients who underwent internal fixation, 9 of them were performed from 2017 to
2020, reflecting the gradual changes in surgical indications, with a trend towards stricter cut-off
points in the pediatric population. The majority of those who underwent surgery (11 of 13)
underwent internal fixation.

We find important limitations. The first is the retrospective nature of the study coupled with the
impossibility of carrying out a follow-up that allows measuring clinical outcomes and being able
to lay a more solid basis with respect to therapeutic indications. Being a study carried out in a
high complexity trauma center, a large proportion of cases were referred from primary care sites
(70.3%), which can generate biases, especially in assessing hemodynamic status and signs of
shock upon admission since most of the patients were initially stabilized in other healthcare
centers.

Conclusions

Pelvic fractures in the pediatric population are an infrequent scenario, it is considered an
indicator of high energy trauma. The mortality rate is low and is more associated with
concomitant injuries than with involvement of the pelvis. The Torode and Zieg classification
presents important weaknesses in the categorization of patients, which suggests the necessity
of refining certain aspects to increase predictive power, especially regarding therapeutic
decisions.

The results of this research describe the clinical and radiological behavior of pediatric pelvic
trauma at the local level, we trust that this study will be the first step to understand and optimize
the management of this type of injury in our population and may be the starting point for other
studies that could lay the foundations to install care protocols and suggests the association of
certain variables with high-energy traumas that require a differential clinical and therapeutic
approach.
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Apendix

Table 1: Sociodemographic and clinical variables

Variables
Demographic
Average age (years) 9.96 (8.98 - 10.93)
Gender (male/female) 59/32
Mechanism of trauma (%)
Traffic accident as a pedestrian 44%
Fall from heigth 23,1%
Driver or occupant accident 19,8%
Sports trauma 3,3%
Others 6,6%
Clinics
Systolic blood pressure on admission in 108.63 (104.65 - 112.6)
mmHg (media)
Clinical sings of shock on admission (%) 31,9%
Mortality (%) 2,2%
Associated injuries (%)
Blunt abdominal trauma 34,1%
Head injury 30,8%
Chest injuries 27,5%
Genitourinary trauma 15,4%
Maxillofacial trauma 7,7%
Peripheral vascular lesion 1,1%
Hospital stay in days (mean) 1247 (7.7 -17.17)
Stay in ICU/SCU in days (mean) 4.81 (0.59 - 9.02)
No. of orthopedic surgeries required per patient 0.72 (0.48 - 0.96)
(mean)
No. of non-orthopedic surgeries required per 0.57 (0.26 - 0.88)
patient (mean)

Figure 1. Modification of the Torode and Zieg classification made by Shore et al. (22)



PAEDIATRIC PELVIC FRACTURES 10

2 g
i ¥\

Type | Avulsive fracture of the (iliopubic branch), Type Il Fractures that involve the ilium
(Separation of the iliac process with extension to the acetabulum), Type llIA Simple fractures of
the annulus that involve the anterior part (fracture of the branch and disruption of the symphysis
pubis), Type llIB Fractures that compromise the posterior part of the annulus but remain stable
(disruption of the symphysis and opening of the sacroiliac) Type IV Unstable disruption of the
annulus (fracture of the right and left ilium and ischioubic branches with posterior component
and displacement vertical).

Figure 2: Percentage distribution of fracture patterns according to the Torode and Zieg
classification modified by Shore et al (14).
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