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Abstract
Purpose Selective dorsal rhizotomy (SDR) reduces spasticity
in children with cerebral palsy (CP) and is performed either
through a lumbosacral multilevel laminectomy or a single-
level laminectomy at the medullary conus. Spinal interven-
tions generally involve the risk of subsequent instability de-
pending on the extent of structural weakening. Destabilizing
spasticity in CP might further increase this risk for both op-
tions. Laminoplasty is frequently applied to reduce instability
through anatomical restoration, although the unavoidable in-
terruption of interspinous ligaments might be a reason for
inconsistent results. We report on a novel technique of
laminoplasty, achieving complete restoration of the dorsal
column.
Methods One hundred sixteen ambulatory children with gross
motor function classification scale (GMFCS) level I to III
were submitted to SDR through a single-level approach. The
lamina was reinserted with a previously unreported technique
of laminoplasty. Osseous reintegration of the excised lamina
was supposed, if its spinous process was located in place on
late follow-up radiographs. Scoliosis was described via
Cobb’s angle.
Results At a mean follow-up of 33 months, radiographs were
available from 72 children with a mean age at surgery of
7.2 years. Sixty-two out of the 72 reinserted laminae were

supposed to be vital and reintegrated. Seven children devel-
oped a predominantly mild scoliosis. No association was
found between development of scoliosis and GMFCS level
or age.
Conclusions This novel laminoplasty technique provides the
least invasive approach for SDR. The incidence of scoliosis
after this single-level approach is comparable to the natural
history of ambulatory CP children.
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invasive spine surgery . Gross motor function

Introduction

Selective dorsal rhizotomy (SDR) is a surgical procedure to
reduce spasticity. Afferent lumbar and sacral sensory nerves
are partially interrupted to decrease the hyperexcitable re-
flexes, which are predominantly responsible for the spasticity
[1]. The goal of this procedure is to improve motor function in
spastic patients. After a continuous evolution of the technique
Foerster [2] first described in 1908, it became widely accepted
as a treatment option for children with cerebral palsy in the
1980s [3–5]. The traditional multisegmental laminectomy,
aiming at sectioning each dorsal nerve root at its very segmen-
tal level [5], has been modified in order to address the entirety
of them through one monosegmental laminectomy at the level
of the medullary conus [6].

Most centers stayed with the traditional multilevel
laminectomy with or without laminoplasty because the seg-
mental allocation of each nerve root seems to be easier at the
site of its neuroforamen [5, 7–12].

Intraoperative neuromonitoring (IONM) is applied to select
and classify the sensory nerve rootlets to be interrupted [13].
For this, the EMG signal after in situ stimulation is graded
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according to Phillips and Park [14]. To minimize undesirable
side effects, about 50 to 70 % of the rootlets are selected and
interrupted [10]. Results regarding the successful reduction of
spasticity have been published copiously in the last 30 years
[15–18].

Few authors point out a high risk of developing spinal
deformities after SDR performed via multilevel ap-
proaches [9, 11, 12, 19–21]. An incidence of scoliosis of
16 to 55 % in their heterogeneous cohorts was reported,
whereas Cobb angles of more than 40° were seen rarely.
The risk for spinal deformities particularly increases when
more than two laminae are removed [22, 23]. In order to
reduce this risk and to decrease postoperative adhesions
and pain, laminoplasty was added by some surgeons
[9–11]. Unfortunately, multilevel laminoplasty does not
reduce the risk of instability compared to laminectomy
[9]. A previous comparison of monosegmental versus
multisegmental approaches did not specifically study the
incidence of spinal deformities [24] but, although insta-
bility after monosegmental laminectomy has been de-
scribed, a current cohort of patients, that underwent
SDR via monosegmental laminectomy, did not need treat-
ment for spinal deformities so far [6].

The aim of this study is to report on the first experiences
with a new method of laminoplasty which can be used for any
extent of laminectomy. For this study, the application was
restricted to monosegmental SDR, in order to monitor the
reintegration of the lamina and the development or progres-
sion of scoliosis after this procedure.

Patients and methods

Patients and study design

One hundred thirty-two children with a mainly spastic type of
lower-limb involvement of cerebral palsy and a mean age of
7.2±2.9 years (min-max 2.7–17.1 years) at the time of sur-
gery underwent selective dorsal rhizotomy applying the tech-
nique described below between 01/2007 and 02/2015 in a
single level-one center for pediatric neurosurgery. Inclusion
for surgery followed the criteria established by Park and
Johnston [6], requesting independent ambulation correspond-
ing to gross motor functioning classification scale (GMFCS)
level I to III [25]. A preoperative Cobb angle above 20° was
an exclusion criterion. The study design included x-ray exam-
inations of the spine preoperatively, as well as 1, 2, and 5 years
postoperatively. Within our prospective cohort study, 72 pa-
tients had at least one preoperative and one follow-up anterior-
posterior x-ray of the spine and were included for spinal de-
formity evaluations as well as for the evaluation of successful
laminoplasty.

Operative technique

Prior to surgery, the level of the medullary cone is determined
under MRI guidance using enhancing skin markers. Needles
are placed and fixed for EMG recording of reference muscles
from L2 to S2. Surgery then is performed under general anes-
thesia with the patient in a prone position. After soft-tissue
preparation, the laminectomy is performed in a conventional
technique providing an interlaminar access and then using a
standard craniotome to interrupt the lamina on both sides. The
following oblique transsection of the spinal processes above
and below the interrupted segment is performed with a Ruskin
bone splitting forceps with long blades (Fig. 1). Then, the
disconnected complex containing the lamina, its spinal pro-
cess, and the posterior ligament complex holding the adjoin-
ing parts of the split processes is harvested and stored in damp
cloth.

Through a midline dural incision, the sensory rootlets L1 to
S2 are identified and separated from the motor rootlets, which
remain covered by a synthetic pad throughout the procedure.
In a L1 laminectomy, L1 can be identified directly, following
the respective rootlets down to their dural exit. Fifty percent of
the sensory rootlets of L1 are selected randomly as there is no
reference muscle. From L2 to S1, the roots are separated into
four to eight rootlets. Fifty to 60 % of the rootlets are cut
according to EMG evaluation. Finally, S2 is divided into
two parts and the fascicle showing less pudendus activity
while stimulating the bulbo-cavernous reflex arc is severed.
The dura is closed tightly and a caudally directed peridural
catheter is put in place.

The lamina is refixed with a single multi-hole miniplate
(MatrixNEURO™, DePuy Synthes, Zuchwil, Switzerland;
Fig. 2) on both sides. Then, the interrupted spinal processes
are readapted with a compression suture using ethibond 0 with
a cutting needle which either penetrates through the readapted
parts of the spinal process or—in older children—is conduct-
ed twice around the process fragments through the
interspinous ligament and then closed tightly.

Finally, the muscle fascia is closed, readapting it with ap-
propriate stitches to the interspinous and the supraspinous
ligament and the wound is closed in layers.

Postoperative management

Combined intravenous and peridural analgesia is provided for
3 days postoperatively. During 3 days of bed rest, passive
movement exercises are performed. Afterwards, rapid mobi-
lization is pursued. An intensive 6 weeks in-patient rehabili-
tation program aiming at improving gait and strength is started
approximately 1 week postoperatively. To avoid substantial
mechanical loads on the laminoplasty, bending exercises and
whole body vibration are not recommended for 3months post-
operatively; horseback riding and impact sports should be
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paused for 6 months postoperatively. No restrictions are made
concerning regular daily activities. This postoperative proto-
col was based on the intention to encourage walking and ac-
tivities of daily living while restricting activities which might
interfere with spinal healing. The protocol was applied uni-
versally and was not modified for the level of laminoplasty,
age at surgery, or gender.

Methods of evaluation

The primary aim of our x-ray analysis was the measurement of
Cobb angles preoperatively and postoperatively to confirm the
required inclusion criteria as well as to monitor the incidence
of short and mid-term coronal plane deformities. Furthermore,
the successful reintegration of the resected lamina could be
determined reviewing the visibility of the respective spinous
process (Fig. 3). The development of scoliosis was measured
according to Cobb. The degree of scoliosis was classified into
Bno,^ Bmild,^ or Bmoderate^ scoliosis referring to a Cobb
angle of ≤10°, 11–20°, or 21–40°. All measurements were
performed independently by each author and blinded to the

patients’ data. In cases of discrepancy, the highest pathologic
value was used. Perioperative complications, especially uro-
genital dysfunction and wound infections, were recorded. At
each follow-up, children and parents were surveyed for pain
incidents during the interval with regard to location, duration
and treatment.

A descriptive data analysis was performed. To find associ-
ations between continuous and ordinal variables, the Kruskal-
Wallis test was applied, for statistical analysis of two nominal
or ordinal variables Kendall’s tau was used. Significance level
was set at p<0.05.

Results

The parents of 116 out of the 132 children who underwent
SDR between 1/2007 and 2/2015 consented the inclusion of
their children into this prospective study. The main reason for
declining consent was high travel expenses. In the studied
cohort, no cases of superficial or deep wound infection or
persistent liquor leakage were noted. Another 20 children

Fig. 1 Technique of
laminectomy with diagonal
transection of the cranial and
caudal spinous processes

Fig. 2 Laminoplasty with miniplate fixation and transosseous sutures to adapt the adjacent spinous processes
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were not yet due for their first follow-up examination at the
time of data extraction (04/2015). In 72 (75 %) of the remain-
ing 96 children, at least one follow-up x-ray was available. A
summary of their demographic, functional, and radiographic
data is given in Table 1. The mean age of this group was 7.2
±2.6 years at the time of surgery (min 2.7, max 15.4 years).
The GMFCS level was I in 15, II in 30, and III in 27 patients.
At follow-up, only two patients had improved by one level on
the GMFC scale (one from III to II and one from II to I). The
results of all 72 patients showed that preoperatively, no child
had a scoliosis of more than 10°. The most common level of
laminectomy was L1 (n=51) followed by Th 12 (n=16), L2
(n=4), and L3 (n=1). Figure 3 shows the distribution of age
with regard to the level of laminectomy corresponding to the
level of the conus medullaris. No persistent sensory alterations
or urogenital dysfunctions were reported by the children or
their caretakers at the 12-month follow-up. Applying the
Kruskal-Wallis test, no significant association was found

regarding the distribution of age and the level of laminectomy
(p=0.489).

The mean follow-up was 33months (range 12–81months).
Postoperatively, 6 out of the 72 children developed a mild
scoliosis, while one boy developed a thoracolumbar scoliosis
of 37° between the 2nd and the 5th year of follow-up after
successful laminoplasty. He showed a GMFCS II functional
level and was 12.7 years old at the time of the diagnosis of his
scoliosis. In total, the prevalence of scoliosis increased from 0
to 10 % while the age of the children increased from 7.2 to
10.0 years. No association was found between the develop-
ment of scoliosis, the level of function, and age (p=0.548,
p=0.217; Kruskal-Wallis test). Table 2 shows the distribution
of age and the degree of scoliosis according to the functional
levels. Furthermore, no association was found between the
GMFCS categories and the Cobb angle categories
(p=0.101, Kendall’s tau). After an average of 33 months after
SDR, the evaluation of the laminoplasty demonstrated that in
10 out of the 72 children (16 %), the spinous process of the
reinserted lamina was no longer visible. In 62 children, the

Table 1 Patients’ characteristics and laminoplasty outcome

Age at the day of surgery (y) 7.2 ± 2.6 (2.7–15.4)

Age at follow-up (y) 10.0 ± 3.1 (5.2–20.7)

Follow-up (mo) 33 ± 20 (12–81)

Gender (f/m) 29/43

Preoperative GMFCS (I/II/III) 15/30/27

Level of laminoplasty (Th 12/L 1/other) 16/51/5

Osseous integration of lamina at latest
follow-up (Y/N)

62/10

Postoperative pain with indication for
treatment (Y/N)

0/72

y year, mo months, f female, m male, Y yes, N no

Table 2 Distribution of Cobb angles with regard to gross motor
function

GMFCS No. of
children

Mean
age/STD

Cobb 0–10° Cobb 11–20° Cobb >20°

I 15 8.3 ± 3.1 15 0 0

II 30 6.7 ± 2.5 27 2 1

III 27 7.3 ± 2.5 23 4 0

Total 72 7.2 ± 2.6 65 6 1

GMFCS Gross Motor Function Classification Scale, No. number, STD
standard deviation
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spinous processes remained vital and the mini-plates and
screws in place during follow-up x-rays (Fig. 4). Out of the
7 children who developed a scoliosis, six had their
laminoplasty at L1 and one at Th12. The reinserted lamina
was described to be in place six out of the seven children with
postoperative scoliosis. This child who is a functional level
GMFCS III had its latest follow-up at 24 months and an L1
laminoplasty. One out of the 10 children in whose x-rays the
lamina could not be identified at follow-up complained of
back pain at the surgery site associated with athletic activity
(rowing) at the 5-year follow-up. The pain resolved after a
short period of rest without further therapy. Another one of
these 10 children showed a mild scoliosis with a Cobb angle
of 14°.

Discussion

SDR continued to become more popular during the last de-
cades and evidence-based analysis supports the use of the
procedure [26]. A recent study confirmed its value in a multi-
modal treatment concept. The reduction of spasticity through
SDR achieves a superior improvement of gait when compared
to osteotomies or soft-tissue surgery [27]. Having confirmed
the success of the operation, the focus of many surgeons

turned to minimizing the risk of the procedure, while the
aim of the interdisciplinary team remains to improve the treat-
ment modalities for each individual [28]. The importance of
electrophysiological monitoring in both, improving the result
and diminishing the risks, is supported by many authors but
remains under discussion [10, 13, 29, 30].

Concerning the surgical access, the correlation of invasive-
ness and risk cannot be substantiated by the existing literature
as the only direct comparison of outcomes after single-level
andmultilevel laminectomy did not focus on riskmanagement
[24]. Ou and colleagues reported a shorter in-patient stay, less
need for opioid analgesics and a tendency toward earlier mo-
bilization out of bed for the single-level group [24]. In addition
tominimizing operative trauma, biomechanical reconstruction
aims at the reduction of long-term adverse events. With regard
to SDR, this effect has been studied for multisegmental pro-
cedures by Johnson and co-workers, who did not find signif-
icant differences between laminectomy and laminoplasty
when focusing on spinal deformities [9]. On the other hand,
back pain of musculoskeletal origin was reported to be in-
creased after laminectomy only, although no mechanical in-
stability or spinal deformity was observed [31]. Whether the
complaint of back pain after rowing in one child of our cohort
was associated with SDR remains unanswered.While no need
for treatment of spinal deformities after single-level

Fig. 4 Example of a 2-year
postoperative a.p. x-ray with
reinserted lamina. a No scoliosis.
b Magnification of the reinserted
lamina with visible spinous
processes and plate in correct
position
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laminectomy was reported by Park and Johnston without
specification of parameters describing deformities [6], groups
performing multilevel procedures found incidences of scolio-
sis after SDR between 16 and 55 % [9, 11, 12, 19–21].

This study describes a modified technique of laminoplasty
first used in selective dorsal rhizotomy which was developed
to completely restore the biomechanical properties of the sur-
gically manipulated motion segment, avoiding the irreversible
interruption of the dorsal tension band. The limitations of this
first evaluation lie in the restricted information provided by a
single anterior-posterior total spine x-ray. In order to keep
exposure to radiation as low as clinically necessary, no com-
puter tomography was applied to further describe the
osseointegration or resorption in this study setting. For the
same reason, lateral spine x-rays were not included in the
study protocol. We hence accepted the bias toward a negative
outcome through counting each lamina as resorbed if any
doubt arose during evaluation. A possible bias toward positive
outcome might have originated from the event that the
reinserted lamina did neither integrate nor resorb during the
time of follow-up. Furthermore, the sparing use of radiogra-
phy in our study protocol restricted us to a systematic evalu-
ation of scoliosis without the possibility to analyze sagittal
profile pathologies.

The development of scoliosis in 10% of our patients after a
monosegmental procedure with a complete restoration of the
biomechanical properties of the segment appears to be rather
high. Though, it corresponds to the natural history of scoliosis
in spastic cerebral palsy [32], which occurs with a prevalence
of 1.3 to 38 % in ambulatory children depending on the meth-
od of evaluation, starting to develop around the age of 8 years
and rarely exceeding a Cobb angle of 40° [33–36]. It does not
follow the typical time frame for the development and pro-
gression of idiopathic scoliosis, as it starts before the pubertal
growth spurt and does not necessarily show the highest pro-
gression rates during adolescence. Although it is known that
the risk for scoliosis in cerebral palsy (CP) increases with
increasing functional impairment, the evidence concerning
etiology and pathophysiology of the development of the de-
formity is sparse [34, 37]. Asymmetrical body positioning,
weakness, trunk instability, and muscular dysbalance are held
responsible for promoting scoliosis and pelvic obliquity in
children and adolescents with CP [38]. The influence of
SDR on these parameters has to be studied to differentiate
between natural history and surgically induced deformity.
An association between the development of scoliosis and the
osseous reintegration of the reinserted lamina could not be
derived from the data, reporting the coincidence of scoliosis
and probably resorbed lamina in one child only.

In conclusion, the introducedmonosegmental laminoplasty
technique is the least destructive dorsal spinal midline ap-
proach that has been described to date. No substantial adverse
effects have been observed. Our hypothesis, that any

surgically induced risk of instability in ambulatory children
with bilateral spastic CP can be avoided by this approach, is
supported but not sufficiently proven by our preliminary re-
sults and needs further long-term investigation.
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