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Objective.To analyze the features of surgical treatment of children and adolescents with herniated discs and radicular compression
symptoms.

Material and Methods. A retrospective multicenter study of 34 patients with juvenile osteochondrosis with mean age of 15.4 years was
performed. Surgical treatment included disc puncture methods, microdiscectomy through posterior approach, anterior discectomy, dy-
namic and rigid stabilization, and replacement of the fibrous ring defect.

Results. Positive clinical effect with complete relief of pain was achieved in all cases. Paretic syndrome regressed completely in all patients.
All patients regained the level of physical activity in the next 2—3 months. Long-term follow-up was on average 45.5 months. No recurrence
of pain was noted during the follow-up period.

Conclusion. Surgical treatment of disc herniation in children results in the relief of pain and full functional recovery. Among surgical
methods, a preference should be given to microdiscectomy through minimally invasive surgical approaches. In the presence of indications,
both rigid stabilization of spinal motion segment at the level of decompression and dynamic stabilization can be performed, and the lat-
ter is more preferable.
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It is known that back pain is a quite
common in adults. At least one back pain
episode occurs in 70—80 % of all adults
[1, 12, 14, 19]. Previously, it was thought
that this pain is rare in children and
adolescents. However, relatively recent
studies of foreign authors revealed quite
high incidence of low back pain among
the school-aged children, amounting
to 30 to 60 % [5, 10, 15, 21, 22, 24,
25]. Pain radiating into the legs occurs
in 1.8 to 4.7 % of cases [10, 21, 25]. A
comprehensive conservative therapy is
the main treatment method. However,
in some cases, the persistent severe pain
with significant functional limitation is
an indication for surgical treatment of
intervertebral disc herniation in children
and adolescents [17, 21]. There is no

accurate statistics reflecting the number
of operations for herniated discs in
children and adolescents. According
to Bruske-Hohlfeld et al. [4], surgical
treatment for herniated discs is required
in 5.5 of 100 thousand population
under the age of 25 years. De Orio and
Bianco [8] pointed out that only 0.5 %
of 9991 discectomy operations at the
Mayo clinic (USA) were carried out in
children and adolescents under 16 years
of age. There are only scarce publications
reporting surgical treatment of herniated
discs in children and adolescents.
Given the relatively small number of
children and adolescents who require
surgical treatment for herniated discs
of the lumbar spine and radicular
pain syndrome, this article combined
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experience of three clinics, specialized
in the field of spinal surgery.

The study was aimed at analyzing
the characteristics of surgical treatment
of children and adolescents with her-
niated discs and compression radicular
symptoms.

Material and Methods

We conducted a retrospective
multicenter study, which summarized
the experience of surgical treatment of
degenerative changes in the lumbosacral
spine in children and adolescents at
three specialized institutions: Central
Research Institute of Traumatology and
Orthopedics n.a. N.N. Priorov (CITO,
vertebrology group), Novosibirsk
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Research Institute of Traumatology and
Orthopedics n.a. Ya.L. Tsivyan (NRITO,
neurosurgery department No 2),
Research Institute of Emergency Pediatric
Surgery and Traumatology (RI EPST,
Department of Neurosurgery). A total of
34 patients (23 girls and 11 boys) were
operated on, patients’ age averaged 154
years (11 to 17 years).

Approximately 300 surgical interven-
tions for degenerative changes of the
spine were carried out at the CITO na.
N.N. Priorov in 2012—2015 in patients of
all ages, most of the patients were 25—63
years old. Nine patients aged 11 to 17
years were found.

More than 7,000 surgical procedures
for degenerative diseases of the spine, in
particular osteochondrosis of the lum-
bosacral spine, were carried out at the
NRITO n.a. YaL. Tsivyan in 1998—2015.
Atotal of 17 children under 17 years old
were operated on.

Eight patients aged 12—16 years were
operated on at the Department of Neu-
rosurgety of the RI EPST in 2015 for juve-
nile osteochondrosis of the lumbar spine
with severe radicular syndrome.

Age and sex distribution of patients
is shown in Table 1. At admission, all
patients had pronounced radicular pain,
five patients complained of weakness in
the leg. All patients experienced signifi-
cant functional limitation of daily physi-
cal activity.

There were no apparent reason for
the development of pain syndrome in
21 patients, pain was associated with a
weight lifting in seven cases, with inten-
sive sport activities (martial arts, acrobat-
ics) — in two cases.

Patients’ body mass index averaged
22.1 (16.2 to 35.1). Seven patients were
overweight (obesity), five patients were
underweight.

The average duration of clinical symp-
toms and conservative treatment before
surgery was 9.2 months (on the average,
1 to 45 months.).

Conservative treatment based on the
standard protocol (NSAIDs, centrally act-
ing muscle relaxants, B vitamins, massage,
physiotherapy, exercise therapy) did not
result in pain relief.

Examination of all patients showed
flattening of the lumbar lordosis. Antal-
gic bend of the trunk was observed in 11
patients. There was characteristic limita-
tion of the forward tilt of the body. In
all cases, there was radicular pain syn-
drome. In three cases, it was bilateral. The
straight leg raise test was positive in all
patients. Paretic syndrome was observed
in five patients, but pareses were not
severe and decrease in muscle strength
ranged 3—4 points.

All patients underwent standard
radiographic examination of the spine
in two projections, functional radiogra-
phy of the lumbosacral spine, MRI and, in
some cases, CT. X-ray diagnostics detect-
ed signs of spinal osteochondropathy,
including Schmorl’s nodules, as well as
intervertebral disc degeneration with
dehydration of the nucleus pulposus and
slight decrease in the interbody space
height in almost all patients. Distribution
of herniated disc location was as follows:
[4—L5 — 15 patients, L5—S1 — 8, L3—
4 — 2, 14—15,15—51 —0O.

All hernias were detected at the stage
of disc protrusion, no cases of extrusion
were observed. Changes in MRI signal

from the vertebral bodies were minimal
(Modic 0—1). There were no cases of
spondylosis and osteophytes.

Distribution by treatment methods is
show in Table 2.

In all cases except for three patients,
surgery did not include immobilization
(spinal fusion) of the spinal segment
involved in the pathological process.

Disc puncture treatments were used
in five cases. In one patient with pro-
trusion sized up to 5 mm at the level of
[4—L5, transcutaneous nucleotomy was
carried out using mechanical destructor,
three patients underwent nucleoplasty
with cold plasma, one patient — alcohol-
lidocaine disc denervation.

In most cases, microdiscectomy
was carried out through the posterior
approach. This type of surgery is simi-
lar to those carried out in adult patients.
Microdiscectomy and decompression of
neural structures was carried out either
endoscopically, using the Destandau pro-
cedure, or through a small, up to 2—3 cm,
skin incision using a microscope or spe-
cial magnifying glass. Minimum required
resection of the yellow ligament and the
edges of the arches was carried out in
order to provide approach to the spi-
nal canal, remove disc herniation, and
decompress neural structures.

Case study 1. Patient M., 11 years
old, was admitted to the neurosurgery
department No 2 of the Novosibirsk
RITO complaining of intense pain in the
lumbus, gluteal area on the right, along
the posterior surface of the right femur
and tibia, and weakness in the right
foot. The patient suffered from recur-
rent back pain for about a year, the pain
was relieved by analgesics. The neuro-

Table 1

Age and sex distribution of patients
Clinic Patients, n Age, years Sex

10—11 12—14 15—-17 Male Female

CITO n.a. N.N. Priorov 9 1 2 6 4 5
NRITO n.a. Ya.L. Tsivyan 17 1 3 13 5 12
RIEPST 8 0 5 3 2 6
Total 34 2 10 22 11 23
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logical status showed reduced strength
of the plantar flexors in the right foot to
4 points, no Achilles and plantar reflexes
on the right, pronounced tension symp-
toms (Lasegue’s sign 10° on the right). At
admission, there was noticeable antalgic
position of the body and flattened physi-
ological curves (Fig. 12).

Survey (Fig. 1b) and functional radio-
graphs of the lumbar spine showed signs
of juvenile osteochondrosis of the lum-
bar spine mostly localized at the level of
L5—S84 intervertebral disc, apophyseal
fracture of the caudodorsal angle of L5
vertebral body with fragment displace-
ment into the vertebral canal, left anta-
lgic thoracic scoliosis, antalgic kyphotic
deformity of the lumbar spine, pelvis
skewed to the right by 4°. MRI of the lum-
bar spine showed degenerative changes
mostly localized at the level of L5—54
intervertebral disc, paramedian hernia-
tion of L5—S1 disc on the right (Fig. 1¢).

Based on clinical and radiograph-
ic examination, the patient was diag-
nosed with juvenile osteochondrosis of
the lumbar spine, primarily involving
L5—S1 intervertebral disc, L5—S1 disc
herniation on the right, compression-
ischemic radiculopathy on the right. The
patient underwent Destandau endo-
scopic microdiscectomy at L5—S1 on
the right. Intraoperatively, subligamen-
tous disc herniation at L5—S1 on the
right was detected, compressing S1 root.
Hernia was removed. S1 root straight-
ened and clear pulsation of the dural sac
and root was observed. No disc curet-
tage was performed. The patient was acti-
vated (allowed to walk) on the first day
after surgery. During the first 3 days, the
patient received analgesia with nonste-
roidal anti-inflammatory drugs due to the
pain at the area of surgical intervention.
The postoperative period was uneventful,
pain regressed completely. The patient
was discharged on the 4th day after the
operation with the persistent neurologi-
cal deficit (reduced strength of the plan-
tar flexors in the right foot to 4 points
and no Achilles and plantar reflexes on
the right). Outpatient conservative treat-
ment (physiotherapy, vascular courses,
and neuroprotective drug therapy) was
continued. Follow-up examination in

Table 2
Distribution of patients by the type of surgery

Clinic Surgical technique Patients, n

CITO Transcutaneous nucleotomy 1

n.a. N.N. Priorov Interlaminectomy, microdiscectomy 1
Interlaminectomy, microdiscectomy, plastic repair of 5
the fibrous ring defect with Barricaid implant
Foraminotomy, removal of the disc herniation, TPF, 1
TLIF
Interlaminectomy, microdiscectomy, dynamic 1
stabilization with the interspinous implant

NRITO Destandau’s endoscopic microdiscectomy 3

n.a. Ya.L. Tsivyan Interlaminectomy, microdiscectomy 7
Cold plasma nucleoplasty 3
Interlaminectomy, microdiscectomy. Dynamic 3
stabilization with the interspinous implant
Medicamentous (alcohol-lidocaine) disc denervation 1

RIEPST Interlaminectomy, microdiscectomy 6
Anterior discectomy with artificial disc installation at 1
two levels
Anterior discectomy, ALIF 1

1 month showed that weakness in the
left foot completely regressed and the
patient returned to normal life. Control
MRI of the lumbar spine in 3 months
showed degenerative changes in the
intervertebral discs L4—L5 and L5—S1.
Dextral paramedian protrusions at L4—
L5, L5—S1 without signs of compression
of neural structures (Fig. 1d).

In five cases, the operations were sup-
plemented by closing the defect of the
annulus fibrosus formed after removal
of the herniation and part of the disc
with Barricaid implant. Implant place-
ment did not necessitate expanding the
surgical approach and additional surgical
aggression.

Case study 2. Patient N., 16 years,
consulted the vertebrology group of the
CITO na. N.N. Priorov with complaints of
pain in the lumbar spine radiating along
the posterior surface of the left thigh, left
tibia, and weakness in the left foot. The
patient suffered from low back pain for 9
months. She received conservative treat-
ment with a temporary positive effect. A
month after the onset of pain, it radi-
ated to the left lower limb, conservative
therapy was ineffective. The patient was
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examined by neurologist, who detected
decreased tone of the left plantar flex-
ors to 4 points, reduced Achilles reflexes
on the left, Lasegue’s sign 25° on the left.
X-ray showed signs of osteochondropa-
thy of the lumbar spine, antalgic left-sid-
ed lumbar scoliosis, flattened lumbar lor-
dosis. MRI of the lumbar spine (Fig. 2a)
showed the initial degenerative chang-
es in the lumbar spine, herniated disc
L5—S1 on the left. Taking into account
the results of clinical examination and
radiological findings, the patient under-
went surgery: interlaminectomy L5—S1
on the left, revision and decompression
of the neural structures, replacement
of annulus fibrosus defect with Barric-
aid implant. Intraoperatively, herniated
disc L5—S1 on the left, compressing
S1 root, was visualized. Herniation was
removed followed by partial curettage of
the disc. Total decompression of S1 root
was observed. The defect of the annu-
lus fibrosus was replaced by a Barricaid
implant in order to prevent the recut-
rence of hernia. The postoperative peri-
od was uneventful. The patient reported
reduction of pain in the left lower limb
on the day after surgery. Before discharge,
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Fig. 1

The data of the patient M., 11 years old: a — appearance; b — preoperative X-ray;
¢ — preoperative MRL; d — MRI 3 months after the operation

the patient was examined by a neurolo-
gist. Regression of neurological symp-
toms was observed. The patient was dis-
charged on the 5th day with appropri-
ate recommendations. The patient was
followed for 20 months, there were no
complaints or activity limitations, control
X-ray and CT showed that implant was
stable (Fig. 2b, ¢).

Four patients underwent dynamic
stabilization at the level of decompres-
sion with an interspinous implant. In
two cases, 16 and 17-years-old patients
underwent rigid fixation of the spinal
motion segments due to the large size
of hernias and severe segmental insta-
bility. Additional stabilization with inter-
spinous implant was carried out in one
case, taking into account the protrusion
of the superjacent disc L4—L5. Another
patients underwent two-level anterior
decompression of neural structures fol-
lowed by endoprosthesis replacement of
the intervertebral discs.

Case study 3. Patient L., 14 years old,
with an adolescent osteochondrosis of
the lumbosacral spine and the second-
ary radicular pain. Weigh — 72 kg, height
—172 cm. Four months before admission
to the RI EPST, she started to experience
low back pain radiating along the poste-
rior surface of the left thigh and tibia to
the plantar surface of the foot and heel,
numbness of the anterolateral surface of
the left thigh and posterolateral surface
of the tibia and the plantar surface of the
foot. The patients believes that onset of
the disease is associated with the episode,
when she played with her friends and
carried her mate pickaback. She received
conservative treatment for a long time,
but pain significantly increased in recent
months. Back muscle guarding, antalgic
posture, and flattened lumbar lordosis
were observed. There were severe tension
symptoms (Lasegue’s sign 20° on the left
and 60° on the right), reduced Achilles
reflex on the left, paresis of the left foot,
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hypoesthesia at the area of innervation
of L5 and S1 roots on the left.

X-ray examination of the thoracolum-
bar spine at admission (Fig. 3a) showed
signs of lumbosacral spine osteochon-
drosis in the form of reduced height of
the intervertebral discs L4—L5, L5—S1,
grade II antalgic right-sided scoliosis of
the lumbar spine, pelvis skewed to the
left. MRI of the lumbar spine (Fig. 3b)
showed signs of osteochondrosis of the
lumbar spine, median disc herniation
at L4—L5, L5—S1 (up to 15—20 mm),
which was more pronounced on the left,
accompanied by compression of the
dural sac and roots on the left.

Taking into account the severity and
duration of pain, the presence of large
posterior median disc hernia at L4—L5,
L5—S1 with a significant protrusion into
the spinal canal and compression of the
spinal roots, ineffective conservative
treatment, as well as patient’s age and
the absence of signs of instability in the
lumbar spine, retroperitoneal anterior
discectomy at L4—L5 and L5—S1, remov-
al of disc herniations, decompression of
the neural structures, and endoprosthesis
replacement of L4—L5 and L5—S1 discs
with artificial disc MO-L were carried out
in order to preserve the function of the
operated spinal segments and eliminate
neurological symptoms.

Postoperatively, complete regression
of radicular syndrome was observed on
day 1 after surgery. Postoperative X-ray
and CT showed satisfactory position of
endoprostheses, correct spinal column
axis, no narrowing of the spinal canal
(Fig. 3¢, d). Movements in the lumbosa-
cral region and the function of the opet-
ated spinal segments were preserved. Fol-
low-up examination 6 months after sur-
gery showed no pain or neurological loss.

Results and Discussion

Clinical benefit with complete relief of
pain was achieved in all cases. Paretic
syndrome regressed completely in all
patients and they regained the level of
physical activity within the next 2—3
months. Long-term follow-up averaged
45.5 months. There was no pain
recurrence.
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Fig. 2

The data of patient N, 16 years old: a — preoperative MRI; b — postoperative X-ray; ¢ —postoperative CT

Back pain in children and adolescents
was previously believed to be a relative-
ly rare clinical phenomenon. In recent
years, it attracts attention of vertebro-
logists. An epidemiological study aimed
at assessing the incidence of manifesta-
tions of adolescent osteochondrosis [15]
involved 12,058 Finnish children born
in the northern part of the country in
1966 from birth to 28 years. The results
showed that none of the test subjects has
been hospitalized with confirmed lumbar
intervertebral disc herniation up to the
age of 15, but this value increased up to
0.1—0.2 % at the age of 20 years. From
that moment, the prevalence sharply
increased. At the age of 28 years, 9.5 % of
males and 4.2 % of females were hospi-
talized with a diagnosis “herniated disc”.

Conservative therapy is the main
treatment method, which includes both

drug treatment and rehabilitation com-
plex. However, conservative treatment of
disc herniation in children is less effec-
tive than in adults [21], which was con-
firmed by our clinical observations. There
are relatively scarce publications in Rus-
sian and international scientific literature
on the surgical treatment of herniated
discs in children and adolescents.

The indications for surgical treat-
ment of herniated discs in children are
similar to those in adult patients and
include neurological deficits, severe pain
with limited daily physical activity, and
ineffective conservative treatment for
6 weeks [17, 21].

There are extremely scarce data on
the use of disc puncture methods to treat
herniated discs in children and adoles-
cents. Bradbury et al. [3] reported the
results of the comparative analysis of
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the treatment for herniated discs in two
groups of patients aged 13—19 years old,
who underwent intradiscal administra-
tion of chymopapain and surgical micro-
discectomy, respectively. Good to excel-
lent long-term outcomes were observed
in 81 % of operated patients versus
04 % of patients in the chemonucleoly-
sis group. However, the authors empha-
sized that the patients, whose treatment
using chemonucleolysis was ineffective
and who were then operated on with a
good outcome, demonstrated a total of
82 % of positive outcomes together with
the group with isolated administration
of papain. Thus, intradiscal injection of
papain as a primary invasive treatment is
justified, and open surgery can be used in
the case of failure. In our series, we used
intradiscal puncture methods only in five
patients, and two of them subsequently
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underwent microdiscectomy due to per-
sistent pain. In is not possible to draw
conclusions on the use of this method
in children and adolescents, but the fact
that this procedure is minimally traumat-
ic for all anatomical structures and the
possibility of any subsequent decompres-
sive surgery are undeniable [3].

Microdiscectomy with decompression
of neural structures is the main method
to treat herniated discs in children and
adolescents [6, 9, 20, 23].

Stromqvist et al. [23] published the
long-term outcomes of surgical treat-
ment of 288 patients with herniated discs
younger than 20 years obtained using the
Swedish national register (SweSpinereg-
ister). Surgical treatment was performed
after failure of conservative treatment.
Analysis of the results showed that the
operation led to the recovery and res-
toration of physical activity in all cas-
es, only 4.5 % of patients were not satis-
fied with the quality of life one year after
surgery.

In our series of patients, surgical treat-
ment also resulted in complete pain relief

and functional recovery in the long term
period in all cases.

De Orio et al. [8] analyzed the results
of treatment of 50 patients under the age
of 16 years, who underwent discectomy
at the Mayo clinic (USA) in 1950—1976.
The immediate postoperative outcomes
were rated as good or excellent in 94 %
of cases. Long-term outcomes were fol-
lowed for an average of 19 years (5 to
30 years). In 12 of 37 patients, discec-
tomy was followed by reoperations due
to recurrent herniation or in order to
perform spinal fusion. High percentage
of reoperations was most likely due to
the aggressive tactics of decompression
practiced during that period. Thus, in
this group of 16 patients, who underwent
subtotal multilevel hemilaminectomy,
reoperations were required in seven cas-
es. Nevertheless, long-term results were
rated as good or excellent in 73.5 % of
cases, unsatisfactory — in 26.5 % of cases.

Kevin et al. [Cited according to 6]
analyzed the results of treatment of 87
patients aged on the average 16.6 years
(12 to 18). All the patients underwent

Fig. 3

postoperative X-ray; d — postoperative CT

The data of patient L., 14 years old: a — preoperative X-ray; b — preoperative MR, ¢ —
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microdiscectomy in 1999—2008 at the
Boston Children’s Hospital (USA). Pre-
operative motor deficit was observed in
26 % of patients, sensory disturbances
— in 41 %, reflex loss — in 22 %, positive
Lasegue’s sign — in 95 %. These clinical
symptoms were similar to those in our
patients, who had a positive Lasegue’s
sign in 100 % of the cases, paretic syn-
dromes — in 14.7 %. According to the
authors, the average duration of primary
conservative treatment before the deci-
sion towards surgery was 12.2 months,
which also correlates with our findings.
In 1% of cases, the authors observed the
development of postoperative neurologi-
cal deficit and 6 % of patients required
reoperation for stabilization of the spine.

Durham et al. [9] studied the long-
term outcomes of 29 patients operated
on under the age of 17 years for an aver-
age of 8.5 years (4 months to 30.5 years)
after surgery. Reoperations were required
in 24 % of patients. The authors noted
that, in contrast to adults, it was diffi-
cult to determine any factors that predis-
pose to the occurrence of an unsatisfac-
tory outcome or need for reoperation in
adolescents.

Thus, on the basis of literature data
and our own experience, we believe
that there is no point to completely
refuse primary stabilization of the spinal
motion segment during removal of disc
herniation in children and adolescents.
Differentiated approach is required: in
the case of segmental instability, high
weight, or large herniation, one or
another fixation method can be used
and the dynamic stabilization of the spi-
nal motion segment is a preferred option.

There are reports that in children,
back pain can prevail over the radicu-
lar symptoms in some cases, being dis-
cogenic similar to lumbalgia associated
with degenerative disc changes in adults
[20]. Kasliwal et al. [13] noted that in cas-
es, where radicular pain is not the dom-
inant symptom, microdiscectomy can
result in incomplete pain relief. In 2010,
the authors published the first report on
the use of total prosthetic replacement
of the lumbosacral intervertebral disc
in adolescent patients. In this case, both
patient, a young female (15 years old)
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and a young male (16 years old) had a
history of microdiscectomy in connec-
tion with radicular pain and herniated
discs at L4—L5 and C5—81, respectively.
The patients were followed for 6 months
after the surgery. Full cure and functional
recovery of the female patient and only
partial elimination of pain in the male
patient were observed. Our own experi-
ence of prosthetic replacement in two
patients also resulted in good functional
outcome with pain relief in the immedi-
ate postoperative period.

A new method to prevent the risk of
disc herniation recurrence after micro-
discectomy, namely closing the annulus
fibrosus defect with Barricaid implant,
appears to be quite promising [2, 11].
This problem is particularly important in
children and adolescents, since complete
or maximum removal of the disc in this
case is believed to be unjustified. Thus,
according to Luukkonen et al. [18], it can
lead to restenosis of the neural structures
due to sharp decrease in disc height and
the development of degenerative chang-
es in the adjacent segments. Furthermore,
according to Ishihara et al. [11], sparing
discectomy preserving the inner surface

of the annulus fibrosus can result in a
certain disc regeneration in the late post-
operative period.

We used the technique of closing the
annulus fibrosus defect in five patients,
which did not necessitate the expan-
sion of surgical approach, showed good
outcomes of surgical treatment, and was
carried out without complications. Of
course, a larger group of patients and
long-term outcomes of the study are
required for a more objective assessment
of the method.

Analysis of the experience of these
three hospitals in the treatment of herni-
ated intervertebral discs in the age group
up to 17 years has shown that our find-
ings are similar to those reported in the
available literature. On the contrary, the
results of surgical treatment were only
good and excellent. The methods of sur-
gical treatment are still a debatable issue.
It is advisable to use sparing minimal-
ly invasive procedures to remove her-
niae. In the cases where stabilization is
required, it is better to use dynamic fix-
ators. These results agree with the data
obtained in the systematic review of the
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literature on this issue by Dang and Liu,
2010 [7].

Thus, surgical treatment for herniated
intervertebral discs in children leads to
excellent outcome with complete regres-
sion of pain and patients return to their
usual active lifestyle.

Conclusion

The indications for surgical treatment
of herniated discs in children and
adolescents include persistent radicular
pain, in some cases accompanied
by neurological deficit, ineffective
conservative therapy, and verified
vertebrogenic morphological substrate.

Surgical treatment should be aimed at
decompressing the intracanal neurovas-
cular structures followed by subsequent
dynamic and rigid stabilization of the
segment, when possible. In this case, sut-
gical intervention in children and ado-
lescents will result in elimination of pain
and full functional recovery.

The study was not sponsored. The authors declare
no conflict of interest.
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