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Abstract

Background: Pelvic fractures are rare in toddlers but are often associated with other injuries that make treatment
difficult. Conservative treatment has been used with moderate success, but it is unclear if surgical correction could
confer additional benefits and improve patient outcomes. The purpose of this study was to report authors’ experience
using the lateral-rectus approach (LRA) for surgical correction of unstable pelvic fractures in two toddlers.

Methods: We retrospectively analyzed the cases of two toddlers with unstable pelvic fractures who underwent surgery
through the LRA between April 2016 and October 2018. Patients’ characteristics, fracture type, mechanism of injury,
Injury Severity Score (ISS), operative time, intra-operative blood loss, and post-operative complications were assessed.
Pelvic asymmetry, degree of deformity, Cole scoring criteria and modified Barthel Index (MBI) were used to evaluate
radiographic and functional outcomes.

Results: Successful surgical treatment was performed using the LRA, external fixation, and sacroiliac screw fixation.
Surgery duration was 180 min on average, with an average intra-operative bleeding of 250 ml. There were no
iatrogenic nerve injuries or infections. Pelvic asymmetry a week after surgery was 0.5 cm on average and dropped to
0.3 cm on average at the end of the follow-up period. The deformity index of the pelvis dropped from an average of
0.035 a week after surgery to 0.02 at the end of the follow-up period. The mean MBI was 100 in the last follow-up, and
Cole scoring criteria categorized both patients as being in excellent condition. All patients achieved radiological bone
union without discrepancy in length of the lower limbs. Neither patient had loss of reduction nor evidence of low back
pain during the mean follow-up period of 22 months.

Conclusions: Pelvic fracture in toddlers is rare, and surgical treatment requires careful consideration. The lateral-rectus
approach was proven as a viable alternative for managing unstable pelvic fractures in toddlers, with minimal blood loss
and risk of nerve injury. Furthermore, anterior external fixation and posterior sacroiliac screw fixation would be
adequate for this population, with excellent final outcome.
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Background

Pelvic fracture in children is rare, with a reported inci-
dence of 0.2—-2% of all fractures in children [1, 2]. Up to
10% of pediatric pelvic fractures are unstable [3]. These
fractures usually occur as a result of pedestrians being
hit by cars and are often accompanied by injuries to the
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musculoskeletal system, genitourinary system, abdominal
viscera, and central nervous system [4]. Although the in-
cidence of pelvic fractures in children is low, associated
mortality rates are reportedly as high as 25% [5-7]. The
cause of death in children with pelvic fractures is mainly
due to combined injuries, and not the fracture itself [8].
However, controversy still exists regarding the treat-
ment of pelvic fractures in children. The traditional view
is that conservative treatment involving bed rest, trac-
tion, and casting can achieve good results because of the
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remodeling potential in children [9]. Recent studies have
shown that the remodeling ability of children after pelvic
fracture is suboptimal [10, 11]. Complications after conser-
vative treatment, such as pelvic asymmetry, non-structural
scoliosis, lower back pain, discrepancy in length of the
lower limbs, and claudication when walking seriously affect
the quality of life of the children [4, 10]. Therefore, it is be-
coming increasingly accepted that surgically repairing un-
stable or displaced pelvic fractures, regardless of patient age
or skeletal maturity, is beneficial [12].

This study aimed to report the authors’ experience of
using the lateral-rectus approach (LRA) for surgical cor-
rection of unstable pelvic fractures in two toddlers.

Methods

After receiving approval from the Ethics Committee, we
evaluated the cases of two female toddlers who underwent
surgical repair for unstable pelvic fractures by the same
trauma orthopedic specialist between April 2016 and Oc-
tober 2018. Both patients were hit by cars and received
primary care at the emergency ward of a local institution
immediately following the trauma. One was referred to
our department for final treatment because of the com-
plexity of her injuries. Due to the difficulty of transfer, an-
other patient was operated on by the same trauma
orthopedic specialist after her condition was stabilized.

Perioperative management

Upon admission of both patients, the multidisciplinary
physicians comprehensively evaluated their conditions,
processed it according to the Advanced Trauma Life
Support (ATLS) principle, and treated any associated in-
juries. Both patients underwent computed tomography
(CT) scanning of the chest, abdomen, and pelvis.

Pelvic CT data were saved in DICOM format and
imported into Mimics software (Materialise, 21.0) for
three-dimensional (3D) reconstruction. Preoperative
planning was performed using 3D visualization technol-
ogy. Firstly, the main part of the pelvic ring, with the
axial bone as the reference, undisplaced segment, and
the displaced fractures divided into different 3D objects.
The displaced fractures were rotated and translated sev-
eral times, and the pelvic ring was simulated and re-
duced on the virtual model. Cylinders were used to
simulate the insertion, position, depth, and direction of
the screws. Finally, 1:1 3D pelvic models were manufac-
tured by 3D printing (Stratasys Dimension 1200es) to
verify the feasibility of the surgical plan (Fig. 1).

A broad-spectrum antibiotic was given 30 min before
the operation. One of the patients had a longer surgery
that exceeded 180 min; therefore, the antibiotic was re-
administered to this patient. An indwelling drainage tube
was used after the operation and removed the day after
the surgery. Liquid diet was allowed after anal exsufflation.
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Fig. 1 1:1 3D pelvic models

Patients were encouraged to perform functional exercises
of both lower limbs without weight bearing 7 days after
surgery. Patients were permitted to resume partial-weight
bearing exercises at 4 to 6 weeks and full-weight bearing
at 8 to 12 weeks postoperatively.

Operations

After general anesthesia with tracheal intubation, patients
were placed in the supine position on a radiolucent operating
table. The patient’s lower limbs, perineum and abdomen
were disinfected, and the lower limbs were bandaged for in-
traoperative traction. The LRA incision started from the
point located two thirds of the distance between the umbil-
icus and anterior superior iliac spine, and ended at the mid-
point of the inguinal ligament (Fig. 2). The surface projection
of this approach corresponded to the sacroiliac joint. After
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Fig. 2 The incision of the lateral-rectus approach
- J




Liu et al. BMC Musculoskeletal Disorders (2020) 21:147

splitting the obliquus externus abdominis, obliquus internus
abdominis, and transverse abdominis, the peritoneum and
internal organs were mobilized to completely expose the
sacroiliac joint and sacral wing through the surgical window
between the iliac vessels and iliopsoas muscle (Fig. 3). The
soft tissue around the fracture site was removed. The frac-
ture and dislocation of the posterior ring were reduced, com-
bined with lower limb traction and prying reduction. A
Kirschner wire was used for temporary fixation of the poster-
jor ring. If C-arm fluoroscopy showed satisfactory reduction,
the posterior pelvic ring was fixed with a sacroiliac screw.
Meanwhile, the anterior ring was fixed externally, and a can-
nulated screw was added when necessary. After reduction
and fixation, the operation cavity was cleansed, and
hemostasis was stopped. The operation cavity was closed
after placing a drainage tube.

Follow-up and evaluation criteria

Radiographic and functional assessments were per-
formed during the follow-up appointments. The method
proposed by Keshishyan [13] was used to evaluate the
quality of reduction. The distance from the low border
of the sacroiliac joint to the middle of the internal con-
tour at the bottom of the contralateral acetabulum was
measured on a standard pelvic anteroposterior X-ray
radiograph. The difference of diagonals and the deform-
ity index, which corresponds to the difference in the di-
agonals divided by the sum of the diagonals, indicated
show pelvic asymmetry (Fig. 4). Functional outcome was
evaluated using surveys including the Cole [14] scoring
criteria and modified Barthel Index (MBI) [15]. All eval-
uations were assessed by two independent orthopedic
surgeons who were not involved in the definitive care or
surgery.

-

Fig. 3 The exposure of the sacroiliac joint
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Fig. 4 Keshishyan et al. method of measuring pelvic asymmetry. The
difference of diagonals (X — Y cm) and the deformity index which
corresponds to the difference in the diagonals divided by the sum

of the diagonals show the pelvic asymmetry

Results
Patient clinical data are shown in Table 1. The Tile [16]
classification was used to assess the cases, and produced
the following distribution: C1.2(one case); C3(one case).
Both fractures were classified as Type IV according to the
Torode and Zieg [17] classification system. In addition,
both patients had multiple associated injuries, including
pulmonary contusion (n=2), perineal laceration (n=1),
and inguinal laceration (7 =1). Both patients had ISS
scores of 19 when at admission. Both were referred to
ICU (Intensive Care Unit) for treatment due to the com-
plexity of their conditions. Hemorrhagic shock occurred
in both children, requiring blood transfusion, fluid resusci-
tation, and urgent pelvic stabilization by pelvic binder.
However, angiography was not required. The patient with
a perineal laceration was treated with surgical debride-
ment and antibiotics. The patient with an inguinal lacer-
ation was treated with surgery and antibiotics, but
progressed to a wound infection during hospitalization.
After clinical stabilization, one patient was transferred
to our hospital, and surgery was performed 13 days after
the initial injury. The other patient was treated surgically
by the same orthopedic specialist in the local hospital
25 days after the injury. Both patients underwent suc-
cessful operation via the LRA. External fixations and
sacroiliac screws were used for fixation, and a cannu-
lated screw was added to fix pubic symphysis separation
in one case. The average surgical duration was 180 min,
and the average intra-operative bleeding was 250 ml.
However, considering that the circulatory state and
metabolic homeostasis of these patients are fragile dur-
ing the perioperative period, 2 units of erythrocyte sus-
pension were transfused slowly during surgery.
Preoperative radiographic assessment of pelvic asym-
metry was not available in one case, and both toddlers
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Table 1 Patient clinical data
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Case Sex Age-ranges Tile Torode and Zieg Cause of the Associated injuries Injury Severe Score
(years) classification  classification accident (ISS)
1 Girl  1~3 a v Pedestrian hit by a  pulmonary contusion, inguinal 19
car laceration
2 Girl 1~3 12 v Pedestrian hit by a  pulmonary contusion, perineal 19
car laceration

received direct pelvic CT examinations. The results of
the postoperative and final follow-up pelvic asymmetry
and deformity index of the pelvis are shown in Table 2.

Both patients showed excellent clinical outcomes. No
screw loosening, reduction loss, infection of the incision,
or deep vein thrombosis occurred after the operation.
No injury to the lumbosacral plexus or iliac vessels oc-
curred in either case. The average MBI evaluated at the
last follow-up was 100. The Cole scores evaluated at the
end of follow-up were excellent in both cases. All exter-
nal fixators were removed within 6 weeks after surgery,
and all internal fixators were removed approximately 3
months after surgery. During a mean follow-up of 22
months, all the patients had gained bone union, and
there was no evidence of pain on palpation of the pelvis,
abnormal gait, discrepancy in leg length, or scoliosis
during the physical examination. Results of the treat-
ment administered are shown in Table 2.

Figures 5 and 6 show X-rays and CT scans from both
patients.

Discussion

There is more cartilage and a thicker periosteum in the
pediatric pelvis [12, 18]. Meanwhile, pediatric sacroiliac
and pubic symphyseal joints are wider and thicker than
adults, allowing them to absorb greater perturbations
without disruption [12]. Unstable pelvic fractures are rela-
tively rare, especially in pediatric patients, and a higher en-
ergy mechanism is required for pelvic fracture to occur in
children. However, pelvic fractures frequently occur with
other life-threatening injuries, which should be taken into
account when planning treatment [3, 19]. Grisoni [20] ob-
served that pediatric pelvic fractures were associated with
less blood loss compared to adult pediatric pelvic fractures
because the thicker periosteum can contain and tampon-
ade bleeding. Additionally, pediatric vasculature, which is
more vasoreactive than adult vasculature, can effectively
constrict the bleeding. However, both cases of this study

Table 2 Results of the treatment administered

experienced hemorrhagic shock after injury, requiring
blood transfusion and fluid resuscitation. This suggests
that it is necessary to use CT examination to exclude the
liver, spleen, and other potentially life-threatening injuries
when an unstable pelvic fracture occurs, despite evidence
that radiation exposure caused by CT examination may
have adverse effects in children [12].

Silber and Flynn [21] divided pelvic fractures in chil-
dren into mature and immature groups according to the
state of the triradiate cartilage. The triradiate cartilage
closes at 14 years of age in boys and at 12 years of age in
girls, on average. For children and adolescents with pel-
vic fractures in which the triradiate cartilage has closed,
the treatment principle is similar to that of adults.

According to the traditional view, pelvic fractures in
children with open triradiate cartilage often do not re-
quire surgical treatment because of their good remodel-
ing ability [9]. However, increasing evidence shows that
non-surgical treatment can lead to poor prognosis in
children with unstable fractures [22]. One possible rea-
son is that due to the anatomical characteristics of chil-
dren’s pelvis, sacroiliac joints have higher risk of anterior
dislocation after injury, often accompanied with pubic
symphysis separation [23]. Another possible reason is
that the pediatric pelvic fractures are often caused after
experiencing severe trauma, which also causes severe bone
and cartilage damage. Surgical reduction and fixation is
likely necessary for unstable pelvic fractures in children
with open triradiate cartilage [12]. There are few pertinent
studies regarding surgical treatment of pelvic fractures in
children due to low incidence and the influence of trad-
itional views. Most studies are case reports and retrospect-
ive studies with small sample sizes, and there is a lack of
high-quality evidence to guide clinicians when making de-
cisions regarding surgical intervention.

Rotationally unstable fractures (Tile B) are the most
common type of pelvic fracture in children due to the
mechanism of injury. External fixation and six-hole

Case Time from Operative  Intra- Follow-up  Post-op Post-op Pelvic Deformity modified Cole
injury to time operative period pelvic Deformity — asymmetry in index in last  Barthel score
surgery (days)  (minutes)  blood loss (month) asymmetry index last follow-up follow-up Index (MBI)

(ml) (cm) (cm)
1 13 240 300 10 04 0.03 03 0.02 100 excellent
2 25 120 200 34 0.6 0.04 03 0.02 100 excellent
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Fig. 5 Case 1, a. Preoperative X-ray; b. Preoperative CT with 3 D reconstruction; ¢. postoperative X-ray; d. X-ray in the final follow-up

Fig. 6 Case 2, a~b. Preoperative CT with 3 D reconstruction; ¢. postoperative X-ray; d. X-ray in the final follow-up
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reconstruction plates were suggested to fix the anterior
ring of the pelvis [3]. For vertically and rotationally un-
stable fractures (Tile C), Smith [24] showed that patients
treated with combined anterior and posterior fixation
had better outcomes than those treated with anterior ex-
ternal fixation alone. It has been reported that the pos-
terior pelvic ring can be fixed with plates and screws
[25]. However, the removal of secondary internal fixation
is relatively traumatic, indicating that sacroiliac screws
may be a better choice [19]. Sacroiliac screws can be
inserted percutaneously when posterior ring injuries can
be adequately reduced through closed methods. In this
study, the posterior ring was fixed with sacroiliac screws,
while the anterior ring was fixed with externally, and a
cannulated screw was added to enhance stability of an-
terior ring in one patient.

Due to the occurrence of other injuries with pelvic frac-
tures, it is often difficult for the initial hospitals to treat
the pelvic fractures at early stages. When the condition of
the child becomes stable, they pelvic fractures are already
considered to be late stage. At present, the anterior ilioin-
guinal approach is frequently used to expose and reduce
posterior pelvic ring injuries in children [3]. However, the
ilioinguinal approach has several disadvantages: [1] The
surgical trauma of the approach is severe [2]; It may dam-
age the epiphysis of the ilium wing, leading to pelvic dys-
plasia; In addition, compared with the LRA, the
ilioinguinal approach is more lateral, in which exposing
the sacroiliac joint and performing reduction and fixation
is relatively difficult from the side compared to the ap-
proach from the front [3]. As a viable alternative to the
ilioinguinal approach, LRA has been used in pelvic acetab-
ular fracture repair with good results [26].

This is the first study, to our knowledge, to apply LRA
to pelvic fractures in children. In case 1 of Tile C pelvic
fracture was corrected with bilateral LRA. The sacroiliac
joint can also be exposed clearly through this approach,
permitting effective reduction of the posterior ring.
Sacroiliac screws can also be placed under direct vision
to avoid vascular and nerve injury.

Most studies have adopted Keshishyan’s method to
evaluate the radiographic outcomes of pelvic fractures in
children [4, 27]. However, for the Tile C fracture in case
1, both the bilateral sacroiliac joints were damaged, this
method could not reflect the degree of injury well, and it
cannot accurately evaluate the quality of surgical reduc-
tion. Therefore, in addition to preoperative pelvic CT
examination to fully assess the injury, postoperative pel-
vic CT examination to evaluate the efficacy of the sur-
gery may be necessary.

Conclusion
Pelvic fractures in toddlers are rare, and surgical treat-
ment requires careful consideration. The lateral-rectus
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approach was proven as a good option for managing un-
stable pelvic fractures in toddlers, with sufficient expos-
ure but minimal blood loss and risk of nerve injury. We
believe that anterior external fixation and posterior sacro-
iliac screw fixation would be adequate for treating this
type of injury in toddlers, with excellent final outcome.
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