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Abstract

Background: Posterior hemivertebra resection and short-segment fusion with pedicle screws are an established
treatment in congenital scoliosis, which require pediatric-specific instrumentation. The purpose of this study was to
report the results of utilizing cervical lateral mass screws instead of pedicle screws in the treatment of congenital
scoliosis in children younger than 5 years old.

Methods: In an IRB-approved retrospective chart review study, patients <5 years old with congenital scoliosis who
underwent posterior hemivertebra resection and fusion with lateral mass screws from 2013 to 2017 were included.
Demographic information, pre- and post-operative radiographs, complications, and outcomes were extracted from
the charts.

Results: Twenty-three patients were included in the final analysis with a mean age of 40 months, of which 14 were
female. Patients were followed for a mean of 51.3+13.2 months. The mean blood loss was 210ml, and patients
were hospitalized for a mean of 4 days post-operatively. The correction rate of the main coronal curve,
compensatory cranial curve, compensatory caudal curve, and segmental sagittal curve was 74.8%, 68%, 65.2%, and
68.9%, respectively. Three complications were observed: one intra-operative pedicle fracture, one case of implant
failure, and one deep surgical-site infection, all of which were successfully managed.

Conclusions: Our findings suggest that adult lateral mass screws can be used for transpedicular fixation of the
thoracic and lumbar vertebrae in low-resource settings where pediatric-specific pedicle instruments are not readily
available. The correction rate, outcomes, and complications are similar and comparable to pediatric-specific pedicle
screws, in addition to being low-profile and less bulky compared to adult implants.
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Background

Hemivertebra is the most common form of congenital
scoliosis, resulting from a failure of normal vertebral for-
mation [1]. The treatment is challenging in many cases
and largely depends on the number, location, and type
of congenital hemivertebra, as well as age and concur-
rent pathologies. Long unfused segments are amenable
to guided growth procedures. However, isolated hemi-
vertebra have the highest potential for curve progression,
and as such, are best treated with resection and short-
segment posterior spinal fusion [2]. Such a strategy has
been shown to provide excellent results, especially when
done early (3-5 years) [3].

Posterior fusion in young children requires utilizing
pediatric-specific instrumentation systems, as 3.5-mm
pedicle screws are often needed due to the small size of
the pediatric vertebrae. Pediatric-specific instruments
are not available in many centers, especially in the devel-
oping world, due to their cost and limited applications
[4, 5]. An alternative is to operate when the patient is
older and use adult 4.5- or 5-mm pedicle screws. How-
ever, these screws are bulky, and such hardware’s prom-
inence might be problematic and even cause the
overlying skin’s breakdown (Fig. 1). Furthermore, there
is a potential risk of pedicle screw fracture when using
adult-type screws, which might be challenging to man-
age and cause devastating complications.

At our institution in Tehran, Iran, we have had limited
and intermittent access to pediatric pedicle screw instru-
mentation throughout the years and have been using
cervical lateral mass screws and rods as pedicle screws
to treat congenital scoliosis. Lateral mass screws are
low-profile (Fig. 2), are more readily available, and in
our experience, have been a good alternative to pediatric
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pedicle screws. Therefore, this study was performed to
report the posterior fusion results with cervical lateral
mass screws in isolated hemivertebra treatment and
evaluate possible complications and safety issues.

Methods

After obtaining IRB approval, a retrospective chart re-
view was done to identify patients who underwent hemi-
vertebra resection and posterior fusion at our institution
between 2013 and 2017. Patients under the age of 5
years were selected because the ideal application of this
technique is in this age group. Patients who underwent a
posterior fusion with lateral mass screws were selected
and included in the final analysis from this database. Ex-
clusion criteria included patients diagnosed with non-
congenital curves, patients older than 5 years of age, and
patients who required extensive surgery, defined as more
than a single-level hemivertebra resection. Patients who
had undergone previous surgeries were also excluded, as
well as patients with <2 years of follow-up. All surgeries
were done by a fellowship-trained orthopedic spine sur-
geon (MZ) at a referral spine center.

Demographic data were collected, and radiographic
measurements were performed on pre-operative, imme-
diate post-operative, and follow-up standing full spine
posteroanterior and lateral radiographs. The main curve,
compensatory cranial curve, and compensatory caudal
curve were identified and measured by the senior author.
To assess sagittal plane correction, segmental kyphosis
or lordosis was compared with Bernhardt and Bridwell’s
corresponding standard values and was reported as posi-
tive for kyphosis and negative for lordosis [6]. Intra-
operative blood loss, operative time, and complications
were extracted from the operative notes. Complications,

leading to skin breakdown. Revision surgery was done for both patients

e :

Fig. 1 A 25-month-old boy (a) and 30-month-old girl (b) with scoliosis, operated by adult-specific pedicle screws. Note hardware prominence
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Fig. 2 A 3.5-mm cervical lateral mass screw and rod (left) and a 4.5-
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mm adult-specific pedicle screw and rod (right)

either in the early or late post-operative period, were
identified and recorded.

A thorough physical examination and radiographic
evaluation were performed for accompanying con-
genital anomalies. A pre-operative CT scan with re-
construction was done to choose the appropriate
instrument and evaluate the pedicle morphology.
To assess intracanal anomalies, a pre-operative
spine MRI was performed in all patients, which re-
vealed syringomyelia in one patient and a tethered
cord, neither of which required a change in the sur-
gical plan.
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Surgical technique

All patients underwent a standard resection of the hemi-
vertebra using a single-stage posterior approach. Fixation
and fusion of the adjacent vertebrae were performed
using transpedicular instrumentation with lateral mass
screws and rod.

All screws were placed with a free-hand technique,
and a correct placement was confirmed with fluoros-
copy. The thoracic vertebrae’s starting point was the
intersection of a vertical line immediately lateral to the
midpoint of the facet joint and a horizontal line at the
superior third of the transverse process. In the lumbar
spine, the intersection of a vertical line that passes along
the lateral aspect of the facet joint and a horizontal line
that bisects the transverse process was chosen as the
entry point. Using a rongeur, the entry point was decor-
ticated, and a passage in the pedicle was initially gained
using a 2-mm curved probe. The pedicle feeler was used
to check the passage. A 3.5- or 4-mm polyaxial lateral
mass screw with an appropriate length was subsequently
inserted into the pedicle (Fig. 3). The fusion only in-
cluded the two vertebrae adjacent to the resected hemi-
vertebra. In case of a significant kyphosis, severe
scoliosis, pedicle fracture, or insecure fixation, fusion
was extended for one or two additional segments.

A standard posterior hemivertebra resection was per-
formed with resection of the facets, lamina, and the
hemivertebra’s transverse process to expose the pedicle.
The upper and lower nerve roots were then explored. In
the thoracic spine, the transverse process, the rib head,
and the proximal part of the rib on the convex side were
resected. The pedicle’s remnants, the discs adjacent to
the hemivertebra, and the hemivertebra’s vertebral body
were removed, and the adjacent vertebra end plates are

Fig. 3 An 18-month-old boy with congenital lumbar hemivertebra. Pre-operative radiographs (a, b) show a fully segmented hemivertebra in the
lumbar region with coronal segmental scoliosis of 39° and segmental kyphosis of 16°. Post-operative radiographs (c, d) after hemivertebra
resection and internal fixation with lateral mass screws. The coronal curve was corrected to 5° and the sagittal to 1°
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debrided down to bleeding bone. In cases with a large
hemivertebra or with substantial kyphosis, an autologous
bone graft and mesh cage were used to provide stability
and correct the kyphosis. After contouring and insertion
of the rod, compression was applied on the convex side
until the gap was closed completely. If the gap persisted,
cancellous bone graft was used in the gap.

All patients were intraoperatively monitored with
somatosensory-evoked potentials (SSEP) and motor-
evoked potential (MEP) neuromonitoring. Patients were
mobilized in the first post-operative week, and an orth-
osis was used for 3—6 months when awake.

Statistical analysis

To analyze the difference between pre-operative, post-
operative, and final follow-up values, paired student’s ¢
tests were used. All statistical analyses were performed
using IBM SPSS Statistics for Windows, Version 22.0
(Armonk, NY). The level of significance was considered
as P<0.05.

Results

Twenty-three patients (14 females, nine males) were in-
cluded in the final analysis, with a mean age of 40
months at the time of surgery (range, 27—-60 months).
Patients were followed for a mean of 51.3+13.2 months
post-operatively (range, 26—88 months).

The hemivertebra was located in the thoracic spine
(T1-T9) in nine patients (39%), thoracolumbar region
(T10-L2) in ten patients (44%), and lumbar spine (L3—
L4) in four patients (17%). Sixteen hemivertebrae (70%)
were fully segmented, while seven (30%) were semi-
segmented. None of the hemivertebrae was incarcerated.
Associated anomalies were present in seven patients
(30%), including intraspinal anomalies (3 patients), brain
pathologies (2 patients), cardiopulmonary (1 patient),
and genitourinary system (1 patient) anomalies.

Overall, lateral mass screws were inserted in T3 to L5
vertebrae, with a diameter of 3.5mm in the T1-T12 ver-
tebrae and 4mm in L1-L5. The mean screw length was
26mm (range, 20-30mm) in the thoracic spine (T1-
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T12) and 30mm (range, 24—36mm) in the lumbar spine
(L1-L5). In three patients with significant kyphosis and
curves >50°, one additional segment was added to the fu-
sion to avoid overloading the construct and reduce the
risk of pedicle fracture or implant failure.

The mean operation time was 143 min (range, 90-270
min). The average blood loss was 210ml (range, 70—
430ml). Patients were admitted for a median of 4 days
(range, 3—7 days). All patients wore a brace for a mean
of 4 months (range, 3—6.5 months) and were mobilized
with a brace within the first post-operative week.

The mean Cobb angle of the main coronal curve was
42.5° before surgery (range, 18°-72°), which was cor-
rected to a mean of 8.5° (range, 3°-39°) immediately
after surgery. The mean segmental sagittal kyphosis (dif-
ference from the normal value [6]) was 19.3° preopera-
tively (range, 4°-36°), which was corrected to a mean of
8.8° post-operatively. While all measurements showed a
significant improvement in the post-operative radio-
graphs, the difference between immediate post-operative
and latest follow-up measurements was not statistically
significant (Table 1).

There were no neurologic, vascular, or visceral
complications, respiratory problems, or death in any
of the patients. The only intra-operative complica-
tion was a convex pedicle fracture in one patient,
which was managed by extending the fusion by one
level. None of the patients had hardware-related
skin breakdown or complained of hardware promin-
ence. One patient experienced a surgical site infec-
tion, which resolved with surgical irrigation and
debridement and antibiotics. In one case, implant
failure was observed due to screw pull out 1 year
after the index procedure, which was treated with
an uneventful revision. One patient had a 10° in-
crease in the cobb angle of the main curve in the
follow-up period, which was managed by continuing
the brace for four additional months, after which
the curve stabilized and went on to fuse unevent-
fully. Proximal junctional kyphosis was not observed
in any patient.

Table 1 Correction are achieved among patients in this series. Values are presented as mean+SD (range). Significant P values are

indicated in italic

Pre- Post- P value (pre-op to  Correction Latest P value (post-op to latest
operative operative  post-op) rate (%) follow-up  follow-up)
Main curve (°) 425+ 10.1 85+72 0.001 75 107 £75 0.1
(18-72) (3-39) (2-35)
Compensatory cranial curve (°) 16.2 + 10.7 41 +29 <0.001 68 51 +44 0.06
(3-35) (1-16) (2-16)
Compensatory caudal curve (°) 193+ 124 62 +6.1 <0.001 65 6.7 + 64 0.5
(5-75) (5-34) (3-35)
Segmental kyphosis (difference from 191 + 86 (4- 88 + 5.1 0.002 69 6+ 7.1 (-4- 008
normative values) 36) (=2-19) 23)
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Discussion

In this study, we reported hemivertebra resection and
posterior fusion results with lateral mass screws in 23
patients with congenital scoliosis. Our findings suggest
that in the lack of pediatric-specific pedicle screws, lat-
eral mass screws from an adult cervical set can success-
fully be used for posterior fusion in children under 5
years.

Pediatric-specific spinal instruments are not readily
available at many centers, especially in the developing
world, due to the cost and limited application of such in-
struments. However, adult instruments have been in the
market for decades, are less expensive, and are available
at any spine surgery center. The potential solutions to
the lack of pediatric-specific implants are to use adult-
type implants in older children, postpone surgery in
younger children, and subsequently use adult implants,
or use hooks instead of pedicle screws. We argue that
neither of these solutions is ideal, and they might result
in suboptimal outcomes and complications [7].

A swift curve progression is typically observed in seg-
mented hemivertebrae due to their imbalanced growth
potential. The curve will grow and become more rigid
and hard to correct if left untreated. Also, the develop-
ment of compensatory curves will further complicate
treatment [8]. Early treatment diminishes the need for
extensive procedures and mitigates the need to correct
compensatory curves. Early resection of the hemiverte-
bra and short-segment posterior fusion is the current
standard of care in congenital hemivertebra. In a cohort
of congenital scoliosis patients, Chang et al. have shown
that patients treated before the age of 6 years have a sig-
nificantly better deformity correction compared to after
6 years of age. They did not observe a disturbing verte-
bral/spinal growth in patients who received early treat-
ment [9].

Compared with non-rigid constructs, pedicle screws
offer a three-column control of the spine, a superior
control to correct the deformity, higher fusion rates, and
lower implant failures and pseudarthrosis [10-13]. Even
in children younger than 5 years old, pedicle screw con-
structs are safe and efficient [14, 15]. Ruf et al. have re-
ported the safety and efficacy of pedicle screws even in
1- and 2-year-old children [16]. We have previously used
adult-type pedicle screws in children who had a suffi-
cient pedicle diameter to accommodate larger screws

Table 2 Summary of previous studies
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but have experienced unacceptably high skin breakdown
rates and complaints of prominent hardware from al-
most all patients/parents. We have therefore abandoned
the practice despite otherwise excellent results. We have
been using lateral mass screws as pedicle screws in chil-
dren younger than 5 years old and have been satisfied
with the technique, results, and the low rate of compli-
cations. Lateral mass screws are low-profile, readily
available at most centers, and have an appropriate struc-
ture and diameter to be used as pedicle screws in chil-
dren. In our series, the mean age at the surgery time was
40 months, with all patients undergoing surgery before 5
years, which is the ideal age of treatment in congenital
scoliosis. The use of lateral mass screws in lieu of
pediatric-specific pedicle screws has allowed us to pro-
vide the highest standard-of-care for our patients with-
out sacrificing the results or subjecting them to undue
risk of complications. While lateral mass screws are suc-
cessfully used in the adult and pediatric cervical spine to
provide three-column fixation, their use as pedicle
screws has not been reported previously. This technique
may also be combined with 3D-printed spine models or
guides, which would serve as an educational tool for the
family and the medical team, and also increase the preci-
sion of the pre-operative planning [17, 18].

In our study, the mean percent correction of the main cor-
onal curve, segmental sagittal angles, compensatory caudal,
and compensatory cranial curves were 74.8%, 68.9%, 68%,
and 65.2%, respectively. In a retrospective study of 28 pa-
tients with congenital scoliosis, Ruf et al. [14] reported a cor-
rection rate of 72% for the main curve, 78% for the
compensatory cranial curve, 65% compensatory caudal
curve, and 63% for kyphosis. Other studies have also re-
ported similar correction rates (Table 2) [3, 19, 20].

Overall, we had three complications among our pa-
tients (13%), including one intra-operative pedicle frac-
ture, one deep infection, and one implant failure. All
complications were managed according to accepted
guidelines, and neither resulted in long-term complica-
tion or morbidity. Guo et al. reported a 7% rate of com-
plications [3], while Ruf and Harms reported a 21% rate
of complications in their respective series [14]. While re-
vision surgery for screw malposition has been reported
in 0.8 to 4.3% of children and adults undergoing poster-
ior instrumentation, none of our patients needed such a
revision surgery [21-25].

First author Year Cases Mean correction rate Implant failure Total number of complications (%) Repeat surgery
Ruf and Harms [14] 2003 28 69.5% 3 6 (21%) 4
Guo et al. [3] 2016 39 74.5 0 3 (7%) 4
Erden et al. [19] 2017 9 81% 0 0 (0%) 0
Xue and Zao [20] 2018 43 69% 0 4(93) 4
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This study has several limitations, including those
inherent in a retrospective case series. While the
small study population is in line with previous stud-
ies and is due to the procedure being relatively un-
common, it precludes making strong suggestions
and recommendations. However, one surgeon per-
formed all surgeries, and we will also be conducting
follow-up studies with control groups. Additionally,
we do not perform routine intra- or post-operative
CT scans and, therefore, could not evaluate minor
malpositions. However, none of our patients had a
grossly malpositioned screw or a complication of
such malposition. Finally, we did not report patient-
reported outcomes in this study, although one
would assume that hardware choice will not signifi-
cantly affect the quality of life.

Conclusions

Our findings suggest that adult lateral mass screws can
be used for transpedicular fixation of the thoracic and
lumbar vertebrae in low-resource settings where
pediatric-specific pedicle instruments are not readily
available. The correction rate, outcomes, and complica-
tions are similar and comparable to pediatric-specific
pedicle screws, in addition to being low-profile and less
bulky compared to adult implants.
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