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Treatment of Spinal Fractures in Children
and Adolescents
Long-Term Results in 44 Patients

Patrizio Parisini, MD, Mario Di Silvestre, MD, and Tiziana Greggi, MD

Study Design. The authors examined a case series of
patients younger than 16 years who had sustained a trau-
matic spine injury.

Objectives. To evaluate clinical and radiologic findings
and the effectiveness of conservative versus surgical
treatment at long-term follow-up.

Summary of Background Data. Although injuries to
children have received increasing coverage in the litera-
ture over the last several years, few reports have focused
on the long-term results of conservative versus surgical
treatment.

Methods. Forty-four patients who had sustained a
traumatic spine injury at the average age of 14 years
(range 3–16 years) were clinically and radiographically
reviewed. The fractures were separated into three groups:
stable (n � 20) and unstable (n � 13) injuries without cord
lesion and fractures with spinal cord lesion (n � 11). Mean
follow-up was 18 years (range 9–23 years).

Results. Conservative treatment was successful in all
stable fractures, whereas it failed in the unstable injuries.
The surgical treatment stabilized without significant de-
formity in five of the seven unstable fractures. Of 11 with
spinal cord injuries, the 4 children conservatively treated
developed a severely progressive, paralytic scoliosis.
Only three of the seven surgically treated patients were
stabilized without any deformity at follow-up.

Conclusion. In children and adolescents, conservative
treatment is an available option for stable fractures with-
out neurologic lesion. Early surgical treatment (instru-
mentation and fusion) is mandatory for unstable fractures
and injuries associated with spinal cord lesion. In chil-
dren, a traumatic spinal cord lesion may develop a defor-
mity that is mainly scoliotic, kyphotic, or lordotic in �90%
of the cases. [Key words: spinal injuries, children, adoles-
cents] Spine 2002;27:1989–1994

Spine injuries in children are still relatively rare, repre-
sent a small percentage of overall injuries to children
(i.e., 0.34%),2,17 and are less common than in adults
because of the greater mobility and elasticity of the pe-
diatric spine and the smaller mass of the child’s body.
The incidence of pediatric spine injuries has been re-
ported to be 2–5% of all spine injuries.4,19,32

There are some aspects of childhood and adolescence
fractures of the spine that differ from their adult coun-
terparts: the head size relative to the body size, the flex-
ibility of the spine and supporting structures, the growth
plates, and the elasticity and compressibility of the
bone.2,4,22 Because of these spine characteristics, spine
injuries may behave differently in children than in adults.
Finally, spine injuries in children remain a challenge de-
spite some technical changes in assessment and treat-
ment.13 Although injuries to children have received in-
creasing coverage in the literature over the last several
years,8,20,30–32 few reports have focused on the time
course of clinical and radiologic findings and long-term
results. The aim of the present study was to investigate
the long-term results and effectiveness of the surgical
management in children younger than 16 years who had
sustained a traumatic spine injury.

Development of the Vertebral Column

The presence of growth plates determines the specific
patterns of injury in children.11,22 Vertebral growth is
accomplished by three groups of growing cartilage,
which allow the three-dimensional growth of the verte-
brae: the cartilage of the vertebral endplate, the neuro-
central cartilage, and the ring apophysis. At birth, a large
bony nucleus occupies almost the entire vertebra, from
front to back, and a cartilaginous endplate separates the
nucleus from the adjacent disc. During the fifth year of
life, centers of ossification appear in the thickened mar-
gins of the upper and lower cartilaginous plates and
gradually fuse so as to form an anular apophysis by the
12th year of life. This apophyseal ring remains separate
from the vertebral body by a thin seam of cartilage, and
fusion with the vertebral body commences during the
14th or 15th year and is complete by the 24th year. The
apophyseal ring (secondary ossification center) contrib-
utes little to the longitudinal growth of the vertebral
body and is responsible for the growth of the vertebral
body breadth. This is why traumatic separation or frac-
ture of the epiphyseal ring does not alter vertebral
growth in height severely. The cartilage of the vertebral
endplate is like the growth plate of a long bone, provid-
ing for growth in height through the same mechanism. A
fracture crossing the disc in the immature spine and tra-
versing almost exclusively the growth zone of the physis,
exactly the same as the patterns seen in long-bone inju-
ries,2 can heal without any displacement and result in no
deformity at follow-up. Similarly, a traumatic separation
of the vertebral endplate can leave not only the germina-
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tive layer, but also the intervertebral disc, intact. In con-
trast, bursting fractures of the vertebral body can include
the anular epiphysis and involve damage to the germina-
tive layer and intervertebral disc. This implies a danger of
abnormal growth because of premature epiphyseal fu-
sion in the manner described by Salter and Harris, as
happens with long bones. The unique and vertical neu-
rocentral cartilage, which is located between the verte-
bral body and posterior arch, induces growth of verte-
bral body and pedicles in horizontal plane. Finally, it
should be remembered that growth and maturation of
each vertebra are regulated not only by the general hor-
monal factors but also by the proper special balance that
is contributed to by the function of muscles and liga-
ments surrounding the vertebrae.

Materials and Methods

During the years 1978–1992, 80 patients younger than 16
years were treated for spinal injuries at the authors’ institution.
The patients’ hospital charts were reviewed for sex, age, injury
mechanism, fracture level, neurologic injury, treatment, and
follow-up assessment. After exclusion of the subjects who had
had a pathologic fracture, 44 patients were available for fol-
low-up. Thirty-eight patients returned for radiographs,
whereas the remainder (n � 6) had radiographs made else-
where and mailed to the current authors. All children under-
went anteroposterior and lateral plain radiographs, and all
fractures were categorized using the Denis classification sys-
tem.10 The burst fractures were classified as being stable or
unstable based on whether they involved a two- or three-
column injury.6 No CT or MRI scans were available for many
patients of this series, and it was therefore difficult to retrospec-
tively assess whether the lesion was stable or unstable. The
current authors assessed for the presence of progressive neuro-
logic deficit, associated posterior element disruption, progres-
sive kyphosis of �20°, and loss of vertebral body height �50%
with facet joint subluxation to determine the presence of “un-
stable” burst fractures.24 The presence of an anomalous open-
ing in the spinous apophysis associated with kyphosis, articular
subluxation or the anterior, dorsal, or ventral displacement of
the vertebral body led the authors to establish the diagnosis of
flexion–distraction injury.

Each patient responded to a questionnaire containing mul-
tiple-choice questions regarding residual pain, neurologic and
work status, and function in activities of daily living. All pa-
tients were divided into two groups based on the presence of
cord lesion and were clinically evaluated at an average fol-
low-up of 18 years (range 9–23 years). The age at the time of
injury for the 44 children ranged from 3 to 16 years (mean 14
years). The age at the time of follow-up ranged from 23 to 39
years (mean 33 years).

Results

This study included 26 males and 18 females. The spinal
injury level was cervical in 12 cases, thoracic in 10, tho-
racolumbar in 7, and lumbar in 12. The level of injury
could not be identified in the three children with spinal
cord injuries without any evidence of radiographic ab-
normality (SCIWORA).28

Thirty-three patients were neurologically intact and
11 (6 paraplegia, 3 tetraparesis, 2 paraparesis) sustained
spinal cord injury. Among the 33 neurologically intact
patients there were 20 stable and 13 unstable injuries.

Of the 12 cervical injuries, 3 were stable (2 fractures
of the arch of the atlas, an incomplete fracture of the
odontoid process basis). Of the remaining 9 unstable
fractures, 6 were neurologically intact and were a burst
fracture of C7, 2 unilateral dislocations of C3–C4 and
C4–C5, a severe strain of C3–C4, a teardrop fracture of
C4, and a unilateral dislocation of C1–C2. The remain-
ing 3 cases (2 burst fractures of C7 and a teardrop frac-
ture of C4) exhibited neurologic impairment. The classi-
fication and distribution of the 29 injuries localized
below the cervical spine are described in Table 1.

Treatment
All 20 stable fractures were treated conservatively apply-
ing a Minerva cast in 3 cases and a plaster cast in 17. The
average duration of casting was 2 months (range 8–17
weeks).

Six cases with unstable fractures were managed con-
servatively. Two patients with a cervical injury were
placed in a halo vest for an average of 8 weeks. Four
patients with injuries below the cervical spine were main-
tained on bed rest until acute symptoms subsided and
were then placed in a well-molded body cast.

Seven cases with unstable fractures were treated sur-
gically. Four patients with cervical injuries underwent
posterior fusion following the Gallie procedure (one
case) or using Roy-Camille plates (three cases). Three
injuries below the cervical spine were instrumented with
Harrington-Luque rods.

The kind of treatment received by the 11 patients with
spinal cord lesion is summarized in Table 2.

Long-term Results

Radiologic Findings. At follow-up, all of the 20 patients
with conservatively managed stable fractures showed
good stability without significant deformity (Figure 1).

The nine wedge-shaped compression and three cervi-
cal fractures had healed without significant deformity.

The eight “stable” burst fractures showed a nonper-

Table 1. Classification and Distribution of Injuries
Below the Cervical Spine

Description Thoracic Thoracolumbar Lumbar

Stable/no SCI
Compression 6 0 3
Burst 1 2 5

Unstable/no SCI
Seat belt 0 2 0
Burst 2 0 3

With SCI
Burst 1 0 1
Seat belt 0 3 0

Total 10 7 12

SCI � spinal cord injury.
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fect reconstruction of the vertebral body, either in frontal
or in sagittal plane. At follow-up, the deformity never
exceeded 10°, appeared only at the level of the lesion,
and involved one segment below and one above the frac-
tured vertebra.

At follow-up, six conservatively managed unstable in-
juries resulted in significant angular deformities in both
planes. A burst fracture of C7 and a teardrop fracture of
C4 treated with a Minerva cast for an average of 3
months showed a residual kyphosis of 18° and 24°, re-
spectively. The remaining four patients with unstable
burst fractures of L1 (two cases), L3, and T5 treated with
plaster cast for an average of 4 months, showed a mean
value of 18° and 20° for kyphosis and scoliosis, respec-
tively. In these cases, the deformity was not only segmen-
tal, as observed for the stable fractures, but it also ex-
tended some levels above and below the fractured
vertebra. Seven unstable injuries were treated surgically.
Five cases appeared to be stabilized without significant
deformity at follow-up. They presented with two cervical
unilateral dislocations, a severe C4–C5 strain treated
with Roy-Camille plates, a C1–C2 rotatory luxation
treated by Gallie procedure, and a T4 burst fracture in-
strumented with the Harrington-Luque instrumentation.
The patient with a severe C4–C5 strain presented a sig-
nificant increase in mobility of the junctional unfused
segment, despite the good stabilization achieved at the
level of lesion.25 On the contrary, the remaining two

patients with flexion–distraction injuries at T12–L1 and
T11–T12 instrumented with the Harrington-Luque tech-
nique, presented a poor result (scoliosis and kyphosis
averaging 35° and 20°, respectively).

Four of the 11 neurologically compromised children
were treated conservatively. Two cases (tetraparesis)
with a C4 teardrop injury and an unstable C7 burst frac-
ture, immobilized in a halo vest and a Minerva cast,
presented with segmental kyphosis and paralytic thora-
columbar scoliosis, respectively, at follow-up. Two chil-
dren with paraplegia resulting from SCIWORA and
treated by brace developed progressive paralytic scoliosis
over time and required posterior surgery 10 years after
injury. The remaining seven cases were treated surgi-
cally. Three children (one tetraparesis, two paraplegia)
with an “unstable” burst fracture of C7 and of T8 and
flexion–distraction injury at T12–L1, treated with Roy-
Camille plates and Harrington rods, appeared to be sta-
bilized without deformity at follow-up. Another two
cases with an “unstable” L3 burst fracture and a flexion–
distraction injury at T11–T12 treated with short Cotrel-
Dubousset instrumentation (one level below and one
level above the lesion) presented severe kyphosis and
scoliosis averaging 24° and 26°, respectively, at follow-
up. Another patient with a flexion–distraction injury at
T11–T12 had developed paralytic scoliosis of 40° at fol-
low-up because of the immediate postoperative failure of
the instrumentation (Harrington rod). Finally, the re-
maining patient with SCIWORA underwent laminec-
tomy on an emergency basis. At a 20-year follow-up, he
had very severe kyphosis exceeding 70°.

Clinical Findings. The initial neurologic lesion of the
four conservatively treated patients remained unchanged
at follow-up. Three of the seven surgically treated cases
with preoperative paraplegia were unchanged, whereas

Table 2. Treatment of Patients With Spinal Cord Lesions

Treatment Halo/Vest Minerva Cast Body Cast

Conservative 1 1 2
RC plates H rod CDI Laminectomy

Surgical 1 3 2 1 (SCIWORA)

RC plates � Roy Camille plates; H rod � Harrington rod; CDI � Cotrel-
Dubousset instrumentation.

Figure 1. A and B, A 15-year-old girl, affected with compression fracture of L2 without neurologic deficit, treated with a plaster cast for
2 months. C and D, At follow-up at the age of 37 years, there was a mild spinal deformity (not exceeding 10°).
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those four with preoperative incomplete spinal cord in-
juries showed a mild improvement.

A review of the patients’ pain and work scale ques-
tionnaires showed generally favorable results. No pa-
tient complained of disabling pain. Twenty had moder-
ate pain but no significant change in daily activities, and
five had moderate pain and needed medication.

Twenty patients were working full time but with lift-
ing restrictions, 15 were working full time in a less phys-
ically demanding job, and 9 were retired.

Discussion

The present series has confirmed4,22,27 that the conser-
vative treatment of wedge compression fractures without
neurologic lesion ensures stabilization with moderate re-
sidual deformity. A simple compression fracture of the
vertebral body is stable and nonprogressive because it is
not accompanied by a fracture of the articular processes
and the posterior cortex of the vertebral body. The pres-
ence of a segmental deformity alone, which did not ex-
tend more segments above or below the lesion, con-
firmed that the damage to the vertebral endplate was
likely not to be severe enough to cause cessation of end-
plate growth. In three of the present nine cases, a residual
mild scoliosis of the order of 5°, which was not associ-
ated with a later onset of pain, was observed at follow-
up. Few such injuries in this series demonstrated the abil-
ity of the immature spine to remodel the vertebral
body,17 and in the majority of the cases partial restora-
tion of height was inconclusive.

The present review has highlighted the need for an
accurate diagnosis in children as in adults to identify
“stable” versus “unstable” burst fractures.

After Denis classification many authors1,6,14 have hy-
pothesized the presence of “stable” and “unstable” burst
fractures in adults. In the so-called “stable” burst frac-
tures, the centrum of the vertebral body is severely com-
pressed and the posterior wall is fractured. However, the
remaining posterior structures, such as the articular pro-
cesses and the intact ligaments, function as a posterior
tension band and resist the compression forces. On the
contrary, the “unstable” burst fractures are accompa-
nied by injuries of the posterior column,1,14 such as those
resulting from flexion–distraction fractures (seat belt-
type injuries). Indeed, there has been some confusion
concerning the diagnosis of these two types of injuries
both in children and in adults, and their treatment has
not been clearly recognized.5,18

Eight children of the present series with “stable,” con-
servatively treated burst fractures tended to develop mild
progressive angular deformity at the site of fracture,
which never exceeded 10° at follow-up. However, five of
the six cases with “unstable” conservatively treated burst
fractures appeared to be stabilized at follow-up but pre-
sented with segmental scoliosis and kyphosis, averaging
20° and 18°, respectively. In these latter cases, deformity
was not segmental as happened with “stable” burst frac-
tures, but it extended two or even three segments above

or below the fracture level. Such findings would lead to
the conclusion that a trauma in children can rarely bring
about severe impairment of vertebral growth. A funda-
mental role in the onset of a posttraumatic deformity is
probably played by the instability because of the bony or
ligamentous posterior elements. Nonoperative treatment
of burst fractures is therefore a viable option in children
with “stable” burst fractures, minimal initial kyphosis, and
no neurologic deficit.21 Operative treatment achieves and
maintains correction of the deformity and is recom-
mended for “unstable” burst fractures.

Because of its protected position and greater elasticity
resulting from the increased thickness of the interverte-
bral discs and the greater proportion of cartilage, the
vertebral column of a child has to be subjected to more
considerable violence than in adults before an unstable
injury occurs. Hence, there are some aspects of child-
hood and adolescence seat belt fractures that differ from
their adult counterparts.15–17,29,33 There is always an in-
jury to the anterior column, and the middle column in-
jury is usually through the bone7 or the ring apophysis
but not through the posterior disc. Hence, flexion–
distraction injuries in the spine of children and adoles-
cents are more unstable than in adults, and the associa-
tion with the three-column injury is more often observed
than in adults.33,34 The present series has highlighted the
difficulties encountered in the treatment of this kind of
lesion, even when early surgery is performed. Of the five
surgically treated cases with flexion–distraction lesions
(two without neurologic impairment and three with im-
mediate spinal cord lesion), only one appeared without
any residual deformity at follow-up, whereas the other
four showed significant kyphoscoliosis at follow-up. The
residual deformity involved more segments above and
below the level of lesion (Figure 2). In all cases, progres-
sion of deformity despite early instrumentation was the
result not only of the severe instability with secondary
growth alteration but also of the choice of inadequate
instrumentation. Distraction-type instrumentation, such
as the Harrington rod, is unable to stabilize lesions re-
sulting from a predominantly distraction force, even if
associated with sublaminar wiring. The use of modern
instrumentation, such as the segmental instrumentation
(Cotrel-Dubousset), also failed to stabilize the lesions
because fusion was extended only one segment above or
below the fracture, as happened in three cases (two flex-
ion–distraction injuries and an unstable lumbar burst
fracture) of the present series. Such findings have con-
firmed that short fusion is unable to prevent progression
of deformity in the presence of traumatic unstable inju-
ries in children and adolescents, as well as in adults.26

The children who were compromised neurologically pre-
sented a special challenge.2,4,22 Several authors have
claimed that the prognosis for recovery of the paralytic
lesions following spinal cord traumas may be better in
younger patients than in adults.3,17 Recent studies and
the current findings are not consistent with this idea and
confirm that those patients who sustained complete cord
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lesions initially did not improve with conservative or
surgical treatment.12,13,21,27 In the present series, four
conservatively treated children with an initial complete
paraplegia were unchanged at follow-up. Moderately
better results were obtained in the seven surgically
treated cases, four of which with incomplete cord lesion
improved, whereas three remained completely paraple-
gic at follow-up. None of them worsened at follow-up.

The uniform occurrence of paralytic scoliosis or ky-
phosis in the spinal cord injured was well documented in
the present series.9,11,21,23 The spinal cord lesion may
develop a deformity that is mainly scoliotic, kyphotic, or
lordotic in �90% of the cases in which a spinal cord
trauma occurred before puberty. Eight of the 11 neuro-
logically compromised patients developed severely pro-
gressive paralytic scoliosis and kyphosis. In these cases,

Figure 2. A and B, A 7-year-old boy, affected with seat belt-type fracture of L2 without neurologic deficit, treated with posterior reduction
and Harrington instrumentation (C and D) removed 2 years later. Thoracolumbar scoliosis progressed despite the orthopedic brace:
radiographic picture at follow-up at the age of 22 years (E and F).
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the deformity was not secondary to segmental alterations
of the vertebral growth but to impaired muscle function.
Tetraplegia or paraplegia developing in young children
modifies weight bearing and disturbs the natural verte-
bral growth and development of muscle balance, which
shapes the spine of the child when he stands spontane-
ously. Hence, even the perfect local treatment at the in-
jury level cannot avoid secondary progression of the de-
formity because of the spinal growth.11

The current authors’ experience has confirmed that
laminectomy performed for decompression did not im-
prove the neurologic damage and created instability.4

After 23 years, one of the present cases with SCIWORA
treated at the age of 2 years by laminectomy presented
with a segmental kyphosis exceeding 70°.

In the present series, there were only six patients
younger than 12 years. Two of them affected with stable
compression fractures presented the same evolution pat-
tern as adolescents did. However, the remaining four
cases affected with spinal cord injury (three SCIWORA,
one flexion–distraction injury) had paralytic deformities
involving more segments. Such deformities were earlier
and more severe than those observed in the adolescents
presenting fractures with myeloradicular involvement.

Key Points

● A series of 44 patients who sustained a spinal
fracture at the average age of 14 years (range 3–16
years) were reviewed at an average follow-up of 18
years (range 9–23 years).
● Results confirmed the validity of conservative
treatment for stable fractures as well as the need for
early surgical treatment for unstable injuries and
injuries with spinal cord lesion.
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