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Abstract
Introduction  Congenital lumbar kyphosis is present in about 15% of patients with myelomeningocele. Worsening of deform-
ity with complications such as chronic skin ulcers and bone exposure is common. In patients under 8 years of age, treatment 
becomes even more challenging: in addition to resecting the apex of the kyphotic deformity, we should ideally stabilize the 
spine with fixation methods that do not interrupt the growth of the rib cage, associated with the challenging pelvic fixation 
in this population. The emergence of growth-friendly techniques has greatly benefited patients with early-onset deformity, 
allowing for correction and control of deviation without interrupting trunk growth, which is often already compromised in 
these patients. We describe the surgical technique and present preliminary clinical outcomes for a novel approach which 
combines self-sliding screws that allow for trunk growth with impaction of translumbosacral rods for distal fixation.
Methodology  Candidates for the technique were patients with myelomeningocele and congenital lumbar kyphosis, inability 
to assume supine position, and a history of skin ulcers, recurrent osteomyelitis and poor weight gain. They all lacked sen-
sory or motor function below the level of the myelomeningocele. They underwent the same reconstruction technique after 
kyphectomy which combines self-sliding screws that allow for trunk growth with impaction of the translumbosacral rods 
for distal fixation.
Results  Case 1: Female; 4.5 years old at surgery; 5 year follow-up. 1 complication: loosening of one blocker. The child is 
doing well and did not require surgical revision. Mean growth per year: 9.5 mm. Case 2: Male; 7.4 Years old at surgery; 
4 year follow-up. 1 complication: post-surgical infection which required 2 debridements in the operating room and prolonged 
antibiotic therapy. Mean growth per year: 6 mm. Case 3: Female; 5.5 Years old at surgery; 27 month follow-up. No complica-
tions reported so far. Mean growth per year: 9.42 mm. None of the cases showed signs of sacral osteolysis or rod migration.
Discussion / Conclusion  To our knowledge, this is the first study that combines sliding screws with translumbosacral rod 
impaction. Although this technique has proven to be safe and effective, we are aware that the number of cases is limited and 
the follow-up is short. Further studies are necessary to confirm the method.
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Introduction

Myelomeningocele is a multisystem disease, which makes 
its treatment quite complex. Among the associated condi-
tions, congenital lumbar kyphosis, present in about 15% of 
patients, is one of the most difficult deformities to manage. 
It usually already has a high angular value from birth, and 
in addition to being rigid, tends to progress rapidly [1, 2]. 
When assuming the seated position, there is an increase 
in the magnitude of the curve and complications such as 
chronic skin ulcers, bone exposure, osteomyelitis, pain 
from iliocostal impact, respiratory compromise, postural 
and hygienic difficulties, as well as self-image impairment 
often arise [2–5]. The indication and execution of surgery 
should be very careful, as the treatment is challenging, and 
the complication rate is high [6–9].

Patients commonly present with weight and stature defi-
cits, central nervous system alterations, poor skin condition, 
distorted anatomy and poor bone quality. Once indicated, 
surgical intervention should be early, allowing for greater 
correction with less morbidity. [10] On the other hand, in 
patients under 8 years of age, treatment becomes even more 
challenging: in addition to resecting the apex of the kyphotic 
deformity, we should ideally stabilize the spine with fixation 
methods that do not interrupt the growth of the rib cage, 
allowing for proper lung development and improved life 
expectancy, while addressing the difficulties of pelvic fixa-
tion in these patients [6, 11, 12].

Since Sharrard’s initial publication in 1968 [13], describ-
ing the treatment of neonates with congenital lumbar kypho-
sis in myelomeningocele, there has been considerable pro-
gress in understanding the natural history of the disease as 
well as advances in the implants used in pediatric spinal 
deformity surgery. However, this evolution relied on dif-
ferent techniques, most of which involve vertebral fusion, 
which while improving patient outcomes, still have conse-
quences that need to be addressed [14–16].

The emergence of growth-friendly techniques has greatly 
benefited patients with early-onset deformity, allowing for 
correction and control of deviation without interrupting 
trunk growth, which is often already compromised in these 
patients [12, 17–19]. We also know that while these methods 
bring benefits, they have a considerable complication rate 
and that the presence of kyphosis is a complicating factor 
for surgical correction [20, 21].

In this case series report, we describe the surgical tech-
nique and present preliminary clinical outcomes for a novel 
combination of techniques in which self-sliding screws are 
used to allow for trunk growth, impaction of the translum-
bosacral rods reduces tissue dissection, and kyphectomy 
corrects the deformity.

Clinical cases

All patients had a diagnosis of myelomeningocele with con-
genital lumbar kyphosis, inability to assume supine posi-
tion and a history of recurrent osteomyelitis and poor weight 
gain. All three patients had no sensory or motor function 
below the level of the myelomeningocele. The legal guard-
ians of the patients consented to participate in the study.

Surgical technique

Proximal portion: The patient is received in a “latex-free” 
surgical environment, and the surgery is performed under 
general anesthesia with neurophysiological monitoring. 
After positioning the patient in the prone position and apply-
ing sterile drapes, a median longitudinal incision is made in 
the proximal thoracic spine up to the level of the congenital 
defect. The muscular fascia is visualized but not opened to 
avoid exposure of the periosteum, inadvertent bone fusion, 
and consequent compromise to trunk growth. With the aid of 
fluoroscopy, the pedicles of three to four vertebral levels in 
the middle thoracic spine are identified, and transmuscular 
placement of bilateral 4.5-mm diameter pedicle screws (the 
standard diameter used to receive adult rods) is performed, 
reaching the maximum length possible. (Fig. 1) It is impor-
tant to insert the screws as deep as possible into the muscles, 
to avoid problems with prominence in the skin.

Distal portion: Exposure of the congenital kyphotic 
defect is performed with a smaller dissection when com-
pared to traditional methods, in our technique there is no 
need to expose the caudal lumbar vertebrae, sacrum and 
iliac. The distal portion of the apex of the kyphosis is dis-
sected subperiosteally. The dural sac is identified and metic-
ulously dissected to minimize the possibility of dural injury 
and cerebrospinal fluid leakage.

In none of the cases was it necessary to ligate the dural 
sac, which was only retracted (Fig. 2). Dissection of the lat-
eral and anterior portions of the apical vertebral bodies is 
performed with careful bone removal and segmental arteries 
are ligated. In cases of hyperkyphosis, large vessels do not 
usually accompany the bone deformity [22], therefore there 
is a good anterior safety margin to resection after the isola-
tion and protection of these structures.

The number of vertebrae to be resected is decided “à la 
carte” during surgery and varies from two to three verte-
bral levels, always those located cephalad to the apex of the 
kyphotic defect, to preserve adequate bone stock for distal 
spinal stabilization. During vertebrectomies, it is important 
to avoid excessive removal of bone tissue. The extent of the 
bone resection should be executed vertebra by vertebra to 
avoid a gap and assure bone to bone contact after deformity 
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correction. To attain this approximation, manual control of 
the resection ends is performed using a cantilever maneuver.

After the vertebrectomies, a 1.5-mm diameter guide wire 
is passed through a domino in the center of the upper end-
plate of the most proximal lumbar vertebral body belonging 
to the distal stump under fluoroscopic control in both AP and 
lateral views. The trajectory of the guide wire should trav-
erse as many lumbar vertebrae as possible and pass through 
the anterior cortical bone of S1 or S2 by approximately 

0.5 cm. Once the correct positioning of the guide wire is 
confirmed, a 2.8 mm cannulated drill bit is passed over 
the wire under fluoroscopic control in both AP and lateral 
views. After confirming the correct positioning of the hole 
drilled to receive the rod, a 4.0 mm diameter titanium rod is 
carefully impacted into place using a controlled hammering 
technique, taking care to avoid vertebral fracture, as these 
patients typically have poor bone quality (Fig. 3).

The rods are cut in such a way that their final lengths 
extend 3 to 4 proximal levels beyond the upper instrumented 
vertebra, allowing for guided trunk growth. Kyphosis is cor-
rected with a cantilever maneuver, the pedicle screw block-
ers are placed to maintain the correction, and the dowel is 
locked. Finally, we perform wound closure by layers and 
place a drain. Such patients did not require postoperative 
immobilization or skin flap closure during follow-up.

The surgical strategy is summarized in Fig. 4.

Results

Case 1: Female; 4.5 years old at surgery; preoperative cobb 
angle: 10.6º; coronal alignment 10.1 mm; SVA 178.5 mm; 
regional kyphosis 151º; upper instrumented levels: T5, T6 
and T7; 3 resected vertebrae; immediate postoperative cobb 
angle 10.7º; coronal alignment 5.5 mm; SVA 45.4 mm; 
regional kyphosis 81.6º; 5 year follow-up: Cobb angle: 
20.6º; coronal alignment 8.3 mm; SVA 112 mm; regional 

Fig. 1   A Dissection of the 
thoracic segment was limited 
to the fascia without expos-
ing the periosteum; B Pedicles 
were marked using fluoroscopy, 
C and the proximal screws 
were passed intermuscularly. 
D Fluoroscopic imaging in 
lateral was used to confirm the 
appropriate length of the pedicle 
screws

Fig. 2   Identification and retraction of the dural sac
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kyphosis: 67.3º. 1 complication: loosening of one blocker. 
The child is doing well and did not require surgical revision 
(Fig. 5).

Case 2: Male; 7.4 years old at surgery; preoperative Cobb 
angle 88.1º; coronal alignment 38.2 mm; SVA 130.4 mm; 
regional kyphosis 159.9º; upper instrumented levels: T4, 
T5, T6 and T7; 3 resected vertebrae; immediate postop-
erative Cobb angle 25º; coronal alignment 29.7 mm; SVA 
85.4 mm; regional kyphosis 82º; 4 year follow-up: Cobb 
angle 30.6º; coronal alignment 40.9 mm; SVA 59.5 mm; 
regional kyphosis 83.8º. 1 complication: post-surgical infec-
tion which required 2 debridements in the operating room 
and prolonged antibiotic therapy (Fig. 6).

Case 3: Female; 5.5  years old at surgery; preopera-
tive cobb angle 14.9º; coronal alignment 5.2 mm; SVA 
149.9 mm; regional kyphosis 130.4º; upper instrumented 
levels: T4, T5 and T6; 2 resected vertebrae; immediate post-
operative cobb angle 8.7º; coronal alignment 8.5 mm; SVA 
66.4 mm; regional kyphosis 67.1º; 27 month follow-up: cobb 
angle 11.5º; coronal alignment 11 mm; SVA 113.8 mm; 

regional kyphosis 57.4º. No complications reported so far 
(Fig. 7).

The radiographic measurements are summarized in 
Table 1.

Fig. 3   A–C Intraoperative fluoroscopic image of guide wires being 
passed through the dowel to block possible rod migration; D–E Inser-
tion of cannulated drill bit into vertebral bodies of the distal pole of 
the construct G F–G Impaction of the rods using a hammer

Fig. 4   Illustration of surgical technique. A preoperative aspect of 
spinal deformity. B Transmuscular instrumentation of 3 to 4 bilat-
eral 4.5  mm diameter pedicle screws in the middle thoracic spine, 
reaching the maximum depth possible. C After the vertebrectomies, 
a 1.5  mm diameter guide wire is passed through a domino in the 
center of the upper endplate of the most proximal lumbar vertebral 
body belonging to the distal stump. Once the correct positioning of 
the guide wire is confirmed, a 2.8 mm cannulated drill bit is passed. 
After confirming the correct positioning of the hole drilled to receive 
the rod, a 4.0  mm diameter titanium rod is carefully impacted into 
place. D The rods are cut in such a way that their final lengths extend 
3 to 4 proximal levels beyond the upper instrumented vertebra, allow-
ing for guided trunk growth. Kyphosis is corrected with a cantilever 
maneuver, the pedicle screw blockers are placed to maintain the cor-
rection, and the domino is locked. As the rods are not locked by the 
thoracic screw lockers, trunk growth is allowed by the rod sliding. 
There is no need for more distal dissection of the spine and pelvic 
instrumentation, which can be technically demanding in this group of 
patients
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Fig. 5   A, B AP and lateral preoperative radiographies showing seri-
ous lumbar kyphosis; C, D immediate postoperative radiographies 
presents the length of the rod above the proximal screws [blue arrow], 
allowing trunk growth; E, F Panoramic radiograph on follow-up 
showing a decrease in the length of the rod above the proximal screws 

[red arrow], what was allowed by the self-sliding technique after 
42 months of follow up; G Postoperative 3D tomographic reconstruc-
tion; H Clinical feature of patient 1 before procedure; I, J Clinical 
feature of patient 1 at 52 months of follow-up

Fig. 6   A, B AP and lateral preoperative radiographies showing seri-
ous lumbar kyphosis; C, D Immediate postoperative radiographies 
presents the length of the rod above the proximal screws [blue arrow], 
allowing trunk growth; E, F Panoramic radiograph on follow-up 
showing a decrease in the length of the rod above the proximal screws 

[red arrow), what was allowed by the self-sliding technique after 
42 months of follow up; G Postoperative Sagittal CT; H Clinical fea-
ture of patient 2 before procedure; I, J Clinical feature of patient 2 at 
42 months of follow-up
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None of the cases showed signs of sacral osteolysis, rod 
migration, problems related to metal debris and prominence 
of screws in the skin.

Discussion

Meningomyelocele remains a challenge for spinal surgery. 
One of the many spectrums of this disease is congenital 
lumbar kyphosis, which is usually early and severe. The 
indication for surgery in these patients persists due to the 
poor outcome of conservative treatment. In young children, 
proper management becomes even more challenging as 
it requires vertebral resection at the apex of the kyphosis 
followed by stabilization using a method that allows trunk 
growth after the procedure. Despite significant advances 
in this field, the existing literature is still limited: the first 
article comparing the results of meningomyelocele patients 
undergoing apical resection followed by instrumentation 
using a growth-friendly technique was published less than 
a decade ago [23].

In the present article, we present a new combination of 
surgical techniques as an option for managing congenital 
lumbar kyphosis in meningomyelocele. We believe that this 
approach can lead to a reduction in typical disease com-
plications while not interrupting trunk growth, which is an 

important factor for good clinical outcomes [24]. Several 
important aspects of the technique should be emphasized. 
First, although distal fixation through translumbosacral 
impaction of rods has been described in the past, the litera-
ture on it is very scarce [25–27]. This lumbopelvic fixation 
technique allows a shorter extension of the skin incision. 
The patient is also spared extensive bone exposure, which is 
required for pelvic stabilization in traditional techniques. We 
believe that this reduces surgical time, bleeding, and tissue 
damage. Consequently, the possibility of related complica-
tions, such as wound dehiscence and infection, would also 
decrease [27]. Özcan et al., who operated on the same profile 
of patients, had postoperative wound complications in 19 
out of 30 patients using iliac screws, including the need for 
revision for removal in four patients [28].

The use of pedicle screws as an alternative to sublami-
nar wires allows for greater stability in the construct with 
a lower chance of mechanical failure. The transmuscular 
instrumentation is done with screws with a diameter of 
4.5–5.5 mm (standard sizes to receive adult rods) with 4.0-
mm rods (standard pediatric size), so that the final torque 
should lock the blocker on the screw but permit the slid-
ing of the rods to enable for trunk growth and proper lung 
development after surgery. This combination of screws, 
blockers, and rods should be tested before surgery because 
not all materials allow for the sliding of the rod after the 

Fig. 7   A, B AP and lateral preoperative radiographies showing seri-
ous lumbar kyphosis; C, D immediate postoperative radiographies 
presents the length of the rod above the proximal screws [blue arrow], 
allowing trunk growth; E, F Panoramic radiograph on follow-up 
showing a decrease in the length of the rod above the proximal screws 

[red arrow], what was allowed by the self-sliding technique after 
27 months of follow up; G Postoperative Sagittal CT; H Clinical fea-
ture of patient 3 before procedure; I, J Clinical feature of patient 3 at 
27 months of follow-up
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blocker is locked on the screw. It is important to note that 
we use this adaptation because we do not have the Shilla 
system in our country [29].

During the follow-up of our patients, we observed that 
the self-sliding screws did allow for trunk growth guided 
by the rods. Using the same parameter as previous studies 
[24, 29], radiographic measurement of the T1-T12 height 
shows growth of 40.8 mm, 21 mm, and 18.3 mm, respec-
tively (Table 2). The locking of the domino is crucial to 
prevent possible migration of the rods since the blockers 
of the proximal pedicle screws do not lock them in place.

Bas et al. compared the techniques of growing rods and 
Luque-Trolley after performing kyphectomy. Although 
patients treated with growing rods showed a slightly higher 
chest growth rate, the number of complications requir-
ing unplanned surgeries was much more significant [23]. 
Reoperations, an integral part of treatment with growing 
rods, were also a significant point in Alshaalan et al.’s 
study [25]. As it is a population with fragile clinical sta-
tus, the morbidity of any surgical procedures as well as the 
anesthesia itself cannot be ignored, and the psychologic 
trauma for the patient and family cannot be overlooked 
[30]. The objective should be to reduce repeated surgi-
cal interventions, which in addition to being beneficial for 
the patient, is also an imperative in our setting due to the 
limited economic resources.

To our knowledge, this is the first study that combines 
sliding screws with translumbosacral rod impaction. 
Although this technique has proven to be safe and effec-
tive, we are aware that the number of cases is limited, and 
the follow-up is short. Further studies are necessary to 
confirm the method.
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