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Abstract
Introduction The aim of this study was to evaluate the
mechanical status of the spine in patients with spastic
diplegia 17–26 years after selective dorsal rhizotomy
(SDR).
Methods We compared original radiographic reports from
our earlier short-term follow-up study with current X-rays.
In addition, we obtained magnetic resonance images (MRI)
of the spine and additional information regarding back pain
and clinical assessments.
Results Thirty patients (17 males and 13 females; median
age 26.8 years) participated in the current study, with
median follow-up times of 4.0 and 21.4 years. Comparison
of the X-ray results showed respectively: scoliosis 0% and
57%; kyphosis 0% and 7%; lordosis 21% and 40%;
spondylolysis 18% and 37%; and spondylolisthesis grade
I occurred in one patient. The only statistically significant
difference was found for scoliosis (p < 0.01). The majority

had Cobb angles <30° with only two patients with curves of
35°. MRI scans showed spinal stenosis in 27%, black discs
in 10%, and disc protrusion in 3%. Daily back pain was
reported in 17%, while 23% reported “moderate disability”
as a result of back and leg pain. No patient to date has
required any surgical intervention on the spine.
Conclusions Except for spondylolisthesis, spinal deformi-
ties did appear to progress with time. However, this
increase was not marked, and the development of relatively
mild scoliosis was the only statistically significant increase.
This group of patients requires continued follow-up.
Further studies are required to ascertain the natural history
of spinal deformity in adults with spastic diplegia who have
not had SDR.

Keywords Cerebral palsy . Dorsal rhizotomy . Long-term
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Introduction

The operation of dorsal rhizotomy was first performed in
the early 1900s [10], but gained greater acceptance after
Warwick Peacock refined the operative technique in the
1980s while working at the Red Cross Children’s Hospital
in Cape Town [32]. During the last decade, various research
groups around the world have shown that selective dorsal
rhizotomy (SDR) in patients with cerebral palsy (CP) leads
to functional improvements during the early years after
surgery [9, 43]. Recently, we were able to show sustained
long-term benefits in two 20-year follow-up studies [18,
19].

Despite the fact that SDR is invariably successful in its
aim of reducing spasticity, spinal instability as a result of
laminectomy remains a concern [2, 19, 43]. In the early
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1990s, we published studies providing incidences of spinal
deformities in children with CP after SDR [34, 35]. These
and five other peer-reviewed short-term follow-up studies
suggest that the incidence of spinal deformities after SDR
varies from 40% to 88%. Deformities include scoliosis in
16–55%, thoracic hyperkyphosis in 1–41%, lumbar hyper-
lordosis in 7–50%, spondylolysis in 9–12%, and spondy-
lolisthesis in 2–24% of the patient cohorts [12, 17, 34, 35,
42, 44, 47].

However, spinal deformity may also occur as part of the
natural history of CP. Morrell et al. [27] reported that
patients with CP who did not undergo SDR showed an
increased incidence of scoliosis with age, accompanied by
increased thoracic and lumbar curves in the sagittal plane
and the development of spondylolysis and spondylolis-
thesis. Three other studies based on institutionalized
patients with CP also show increased scoliosis with age
[22, 40, 46], while Harada et al. [13] found progressive
lordosis and spondylolysis in adults with spastic diplegia.
Nevertheless, we do not know whether patients who
underwent SDR in childhood have a greater risk for
developing spinal deformities over time, as there are no
long-term studies that report these changes in adulthood.

Therefore, we aimed to examine the results of clinical,
radiographic, and magnetic resonance imaging (MRI)
examinations of patients with spastic diplegia more than
15 years after SDR to determine the long-term mechanical
status of the spine. In addition, we obtained information
regarding the SDR procedure, patients’ demographic char-
acteristics, back pain, and outcomes of clinical assessments
to further interpret the results of the radiological studies.

Methods

Patients

We performed a retrospective review of all patients who
underwent SDR between 1981 and 1991 at Red Cross
Children’s Hospital in Cape Town. In order to facilitate
follow-up, we restricted the cohort to those who lived
within a radius of 100 km of Cape Town at the time that the
operation was performed. Based on detailed inclusion and
exclusion criteria (Table 1), a neurosurgeon (JCP) and
physiotherapist (NGL) completed the first patient selection.
There were 106 patients operated on between 1981 and
1991 of whom 47 met the inclusion criteria. With help from
other clinicians, patients, patients’ families, teachers and
physiotherapists at schools, and an internet search, we were
able to track down 37 of these 47 patients (79%). Thirty
patients (64%) agreed to participate in the current study,
while seven (15%) chose not to participate (for reasons
other than health status).

This study was approved by the Human Ethics Commit-
tee at the University of Cape Town, and we obtained
informed consent from each participant.

Study design

Data collection took place in 2008 in five different stages
and included two visits by the patients: (1) NGL reviewed
the historical radiographic reports, which were part of our
former short-term follow-up studies [34, 35]; (2) X-rays
and MRI scans of the spine were performed at the Medi-
Clinic in Stellenbosch; (3) a neurosurgeon (JCP) and an
orthopedic surgeon (EBH) examined the scans, blinded to
the results of the previous imaging, and consulted two other
neurosurgeons (AGF and AAF) if there was any doubt; (4)
clinical assessments were performed by a neurosurgeon
(JCP) and physiotherapist (NGL); and (5) patients com-
pleted the Oswestry Disability Index (ODI) [7] and a self-
developed questionnaire which focused on the frequency of
spinal, upper, and lower extremity pain.

Outcome measures

X-rays and MRI scans The method of examination and
evaluation of the radiographs was similar to our short-term
studies [34, 35]. X-rays were taken in a standing position (or
sitting erect if not possible to stand in the first study) holding
onto a bar if necessary with antero-posterior (AP), lateral, and
oblique views. In the frontal plane, scoliosis was measured by
Cobb angles [5]. X-rays in the sagittal plane were used to

Table 1 Inclusion and exclusion criteria for selection of study cohort

Inclusion criteria

1. Diagnosis: CP

1.1. Symptom type: spastic

1.2. Limb distribution: mainly involvement of lower limbs or
with only mild involvement of unilateral upper limbs

2. Ambulant before age of 4 years (with or without walking
aids and/or support)

3. SDR between 1981 and 1991 in Cape Town

4. Goal of SDR operation

4.1. Functional improvement

4.2. Improving gait pattern or, if child was younger than
4 years and not ambulant pre-operatively, develop locomotion

5. Attended a school in Cape Town

6. Pre-operative physiotherapeutic assessments form available

7. Currently living in Cape Town or neighborhood (max. 100 km)

Exclusion criteria

1. Diagnosis: cerebral palsy

1.1 Symptom type: dystonic, athetotic, ataxia, and hypotonic

1.2.Total body involvement

2. Diagnosed with other neuromuscular disorders
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evaluate thoracic kyphosis (T3–T12) and lumbar lordosis
(L1–L5). In line with our previous study [35], the ranges
described by Propst-Proctor and Bleck [36] were used as a
reference for normal: kyphosis 12–40° and lordosis 23–54°.
The incidence of spondylolysis and spondylolisthesis was
examined by using lateral and oblique radiographic views.
Spondylolisthesis was measured as a percentage of displace-
ment, and was graded by the Meyerding system [25]: grade I
(25%), II (50%), III (75%), and IV (100%).

The lumbar spines were examined with MRI (Siemens
Magnetom Symphony 1.5 T, Germany) and a body coil.
The imaging protocol consisted of the following: (1)
sagittal T1- and T2-weighted fast spin-echo from mid-
thoracic to sacrum; (2) axial T2-weighted fast spin-echo
from L1 to S2; and (3) coronal T1-weighted fast spin-echo
from L1 to S2. MRI scans were examined for spinal
stenosis, black discs, and disc herniation. In addition to
these degenerative disorders, the level of the conus and
incidence of any other spinal abnormality were evaluated
[26].

Clinical assessments Clinical examination included evalu-
ation of muscle tone, muscle strength, skin sensation, and
deep tendon reflexes in both lower extremities (Table 2).
Muscle tone was assessed using the Ashworth Scale [4].

Muscle strength assessments were scored using the
Medical Research Council (MRC) scale [24]. Sensation
was tested for touch, pin-prick, and deep pressure
corresponding to dermatomes from L1 to S4/5. Proprio-
ception was recorded as normal or abnormal. The reflexes
evaluated included the plantar reflex and deep tendon
reflexes of the hip adductor, rectus femoris, patellar, and
Achilles tendons. Scores for the plantar reflex were
recorded as either positive or negative, while the outcomes
of the deep tendon reflexes were classified by values from
0 to 4.

In addition, patients’ demographics and general clinical
characteristics were evaluated. CP diagnosis was confirmed
and body weight and height were measured, which resulted in
their body mass index (BMI) (underweight = <18.5;
normal = 18.5–24.9; overweight = 25.0–29.9; obese = >30.0)
[50]. Patients were also questioned about their walking ability,
physical problems related to possible sensory loss (bowel,
bladder, and sexual problems), and if they had received any
other orthopedic interventions. Patients were also classified
according to the Gross Motor Functional Mobility Scale
(GMFCS) [15, 31], based on the assessors’ observation and
self evaluation by the patient.

Pain questionnaires We used the ODI version 2.0 which is
a valid and reliable condition-specific outcome measure for
back or leg pain [7, 8]. The questionnaire includes ten
sections regarding pain, personal care, lifting, walking,
sitting, standing, sleeping, sex life, social life, and traveling.
The patients were asked per section to choose one statement
which most applied to them, ranging from no problems
(score 0) to severe problems (score 5), or they had to
indicate that a section was not applicable. When the
questionnaire was completed, a percentage was calculated
and patients were classified based on their back pain
problems during daily activities into: 0–20% indicating
“minimal disability”, 20–40% “moderate disability”, 40–
60% “severe disability”, 60–80% “housebound”, and 80–
100% “bed bound” [7].

We also developed a short questionnaire which focused
on the frequency of pain in different parts of the body.
Questions were related to pain at spinal level and upper and
lower extremities. Frequency of pain per body part could be
scored as: never, occasionally, once per month, once per
week, daily, or varies (occasionally to several times per
week).

Statistical analysis

Data were analyzed using Stata Version 10.0 (Stata
Corporation, College Station, USA). We used non-
parametric statistics because our sample size was small

Table 2 Description and scores for clinical assessment tools

Spasticity: original Ashworth scale

0 No increase in tone

1 Slight increase in tone giving a catch when the limb is moved in
flexion or extension

2 More marked increase in tone but limb easily flexed

3 Considerable increase in tone, passive movement difficult

4 Limb rigid in flexion or extension

Muscle strength: MRC scale

0 None

1 A palpable contraction

2 Motion with gravity eliminated

3 Antigravity strength

4 Some resistance present

5 Normal strength

Sensory abnormalities

0 None

1 Loss of pin-prick sensation (dermatomal)

2 Patchy irregular diminution of sensation (non-dermatomal)

Deep tendon reflexes

0 Absent despite reinforcement

1 Present only with reinforcement

2 Normal

3 Increased but normal

4 Markedly hyperactive, with clonus
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and not normally distributed. The Wilcoxon signed-rank
test was performed to explore changes over time (short-
term versus long-term) for the X-ray outcome measures
(incidence of scoliosis, kyphosis, lordosis, spondylolysis,
and spondylisthesis). A Fisher exact test was used to
examine which factors were associated with the radio-
graphic outcomes. Significance levels were set to p≤0.05.

Results

Patients

The study cohort consisted of 30 patients with spastic
diplegia (five patients had mild unilateral arm involvement)
of whom 17 were male and 13 were female. Seventy
percent of patients had laminectomies performed from L1/2
to S1, 10% at levels L1–L5, 10% at L2–L5, 3% at L2–S2,
and 7% at L3–S1. The median age of the study cohort at
time of SDR was 5.2 ± 5 years (range 2–27 years), and
during the current study they were aged 26.8 ± 5 years (21–
44 years). The median short-term follow-up time in this
cohort of the original study was 4.0 ± 2 years (1–8 years),
while the mean current (long-term) follow-up time was
21.4 ± 3 years (17–26 years). All patients were ambulant at
follow-up, and the walking ability varied: 20 patients (67%)
walked without walking devices, four patients (13%) used
one or two crutches only outdoors, and six (20%) patients
always had to use their crutches. Half were classified as
GMFCS level I, nine patients (30%) as level II, and six
patients (20%) as level III.

The mean BMI of the study cohort ranged between 18
and 36; two patients (7%) were classified as underweight,
16 (53%) as normal, six (20%) as overweight, and six
(20%) as obese. None of the patients reported problems
with sexual, bowel, or bladder function. One patient was
diagnosed with Crohn’s disease and another patient with
Graves’ disease. This latter patient required oral baclofen
medication regularly to reduce muscle spasms. None of the
patients who participated in this study ever received
intrathecal baclofen or botox before or after SDR. Before
SDR, at least one orthopedic surgical operation had been
performed on almost half of the cohort (48%), which
included muscle releases in 14 patients (48%) and
osteotomies of the femur or foot/toes in three patients
(10%). After SDR, 18 patients (62%) received orthopedic
interventions including muscle releases and osteotomies in
59% and 31% of the study cohort, respectively.

X-rays and MRI scans

Two of the 30 patients did not take part in our short-term
follow-up studies [34, 35] and so historical comparison of

imaging was only available for 28 patients. Of these 28
patients, none had been initially diagnosed with scoliosis,
while at the long-term follow-up study 15 of the 30 patients
(50%) had a scoliosis curve of <30° and two (7%) had
curves of 35° on the AP X-rays (Figs. 1a and 2a). Scoliosis
was significantly more common in the long-term follow-up
study (p < 0.01). During our initial study, none of the
patients were diagnosed with kyphosis and six patients had
lordosis, while in the present study kyphosis and lordosis
occurred in two (7%) and 12 (40%) patients, respectively.
Although thoracic kyphosis and lumbar lordosis were more
frequent at follow-up, these differences were not significant
(p = 0.32 and p = 0.13, respectively). Spondylolysis was
diagnosed in five patients (11% at L3–4 and 7% at L5–S1)
at the short-term follow-up. Despite the fact that four of
these patients showed healing of their pars interarticularis,
in the long term spondylolysis was reported in 11 patients
(15% at L2–3, 38% at L3–4, 31% at L4–5, and 13% at L5–
S1), which was not significantly different from the initial
study (p = 0.13) (Figs. 1a and 2b). At the first study, one of
the five patients had spondylolysis bilaterally at the same
level, while in the present study five of the 11 patients with
spondylolysis were bilateral. Spondylolisthesis grade I was
found in both the short- and long-term follow-up study in
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Fig. 1 a Outcomes of X-rays at short-term (I) (n = 28) and long-term
(II) (n = 30) follow-up studies. b Outcomes of MRI scans at long-term
follow-up study. Note: Incidences of scoliosis include relatively mild
scoliosis with the majority of curves <30° and two curves 35°.
Spondyl. spondylolysis, Slip grade I spondylolysthesis. Asterisk means
that there was a significant difference with p < 0.05
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only one patient, who was also diagnosed with bilateral
spondylolysis at level L3–4 during the first and last study
(Fig. 1a).

As shown in Fig. 1b, 18 of the 30 patients (60%) who
participated in the long-term follow-up study did not have
any abnormalities on their MRI scans. Lumbar stenosis was
seen in eight patients (27%) (involving two levels in two
patients and three levels in one patient), black discs were
seen in six patients (20%), and two patients had disc
protrusions (7%), but no disc extrusion or sequestration.
Two patients had combined lumbar stenosis and black
discs, and all three abnormalities were seen in one patient
(without any spinal deformity on X-ray). No other
abnormalities were found. The conus was situated at T12
in two patients, at L1 in 18, at the lower border of L1 in
one, and at L2 in nine patients. None of the patients who
participated in the current study required any spinal
operations after their SDR.

Clinical assessments

One patient was not available for the second assessment,
and so we only had clinical assessment outcomes of 29
patients. As is apparent from Fig. 3a and b, the majority of
our study cohort had normal tone (Ashworth scale 0) and
strength (MRC 5) in the various muscle groups evaluated.
No patients had abnormalities in proprioception, touch, or
deep pressure, and most patients had no impaired pin-prick
sensations (Fig. 3c). In addition, most patients had reduced
deep tendon reflexes and positive plantar reflexes (Fig. 3d).

Pain questionnaires

All 30 patients who participated in the long-term follow-up
study completed the ODI. Twenty-three patients (77%)
scored 0–20% (“minimal disability” because of back pain),
while the other seven patients scored 20–40% (“moderate
disability”). The outcomes of our self-developed question-
naire are presented in Table 3. Few patients (3–10%)
reported pain in their upper extremities, but 23–40% of the
patients had pain in their lower extremities. None of the
patients suffered from pain in the upper thorax, while 20%
of the cohort reported pain at cervical and 67% at
lumbosacral spinal level. Pain in the lower back (lumbosa-
cral region) was most common in our study cohort and was
reported as occurring on a weekly basis in two patients
(7%) and daily in five patients (17%).

Pain was reported on a weekly or daily basis in seven of
the 17 patients with scoliosis (41%), one of the two with
kyphosis, four of the 12 with lordosis (33%), three of the 11
with spondylolysis (27%), and in the patient who had
spondylolisthesis. In addition, daily back pain was reported
by one of the eight patients with spinal stenosis, one of the
six with a black disc, and one of the two patients with disc
protrusion. Eight patients of the current study cohort used
medication intermittently to relieve their pain.

Associations with spinal deformities

Table 4 shows the frequency of scoliosis, lordosis and
spondylolysis for each different variable related to the SDR

Fig. 2 a AP X-ray of a
typical patient with mild scolio-
sis. b An oblique X-ray of a
patient with spondylolysis
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operation, patients’ demographic characteristics, MRI scan
outcomes, and pain questionnaire. Since kyphosis (n = 2)
and spondylolisthesis (n = 1) were rare, we did not include
these conditions in our statistical analysis. Scoliosis,

lordosis, and spondylolysis were more common when
SDR was performed at a young age (2–5 years) compared
to older age (>13 years). These differences were smaller
between age groups 2–5 years and 6–12 years for scoliosis
and spondylolysis, while the incidence of lordosis was still
twice as high in the youngest group. In addition, patients
who were currently aged between 21 and 25 years had a
relatively higher incidence of scoliosis and spondylolysis
compared to patients in the oldest age group (>31 years
old), while lordosis was diagnosed mostly in the age group
26–30 years old. However, there was no statistically
significant difference in the frequency of spinal deformities
for the two different follow-up times (16–20 and 21–
26 years).

The five patients diagnosed with mild unilateral involve-
ment of an upper extremity were significantly more likely
to have spondylolysis than patients with pure spastic
diplegia (p = 0.05), but no major differences were seen
for scoliosis and lordosis. Females and males had about the
same incidence of scoliosis and spondylolysis, but almost
twice as many females compared with males were
diagnosed with lordosis. Patients’ level of BMI and
functioning (GMFCS) was not significantly related to the
spinal deformities. However, patients with a higher BMI
had a slightly lower frequency of spondylolysis, and
spondylolysis was more common in patients with higher
levels of functioning (GMFCS I and II).

Disc abnormalities were not associated with radiographic
spinal abnormalities. The overall number of spinal abnor-
malities found with the MRI scans only showed a
marginally significant relationship with spondylolysis
(p = 0.04). No significant relationships were seen between
the outcomes of the validated pain questionnaire and spinal
deformities.

Discussion

This follow-up study provides information about the
incidence of spinal abnormalities based on X-rays and
MRI scans in patients with spastic diplegia (or with minor
unilateral involvement of an upper extremity) more than
15 years after they received SDR. Extending the results of
short-term follow-up studies after SDR [12, 17, 35, 42, 44,
47], we report further progression of spinal deformities
(scoliosis, kyphosis, lordosis, and spondylolysis) in the
long term. However, only the incidence of relatively mild
scoliosis was statistically significantly increased, and no
patients with spondylolysis developed spondylolisthesis. In
60% of our study cohort, we found no MRI abnormalities.
The total number of disc degeneration and spinal stenosis
was statistically significantly associated with spondylolysis,
as well as the diagnosis of spastic diplegia with mild
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unilateral upper limb involvement. Seventy-seven percent
of the study cohort had no or minimal disability because of
back or leg pain, and none of the patients required any other
spinal interventions.

Scoliosis

Studies of CP patients report various ranges for the
incidence of scoliosis, from 38% of patients with CP aged
between 14 and 19 [39], 54% in patients older than 20 years
[37], to 64% for institutionalized adults [21]. Short-term
follow-up studies after SDR (mean follow-up time 4–
8 years) describe scoliosis in 17–55% of patients based on
sitting and standing radiographs [12, 17, 35, 42, 44, 47].

None of the patients who also participated in our original
follow-up study had scoliosis at 4 years (range 1–8 years)
after SDR. In the current study, we found an incidence of
scoliosis of 57% at 21.4 years (range 17–26 years) after
SDR. This increase was statistically significant between the
short- and long-term follow-up. However, the majority had
curves <30° and only two had curves of 35°. Steinbok et al.
(based on standing X-rays) also found the incidence of
scoliosis to be 55% and 6% of their patients had curves >35°
in a short-term study [44].

Some studies based on institutionalized patients with CP
have reported progression of the scoliotic curve with age
[22, 40, 46]. In our study, however, the oldest patients had
the lowest incidence of scoliosis, and there was no
increased incidence with longer follow-up time. However,
younger age at SDR (2–5 years old) had a higher incidence
of scoliosis. This is in line with the results of other short-
term data [44]. On the other hand, this concern might be
balanced by the need for less lower limb orthopedic surgery
in younger patients [29].

Kyphosis

As far as we could discern, there is very little published
data on the natural history of kyphosis in adults with CP.

Most short-term follow-up studies after SDR described
hyperkyphotic curves between 1% and 16% [12, 17, 35, 42,
47], while one study reported kyphosis in 41% of the
patients [44].

None of our patients were diagnosed with kyphosis in
the initial short-term follow-up study. However, overall in
the long term 7% had kyphosis defined as a thoracic
curve >40°. Compared to our own and other short-term
follow-up studies, this suggests that there is minimal
progression of kyphosis with time. Since only two
patients in this study were diagnosed with kyphosis, we
were not able to determine associations between different
variables.

Lordosis

Harada et al. [13] found in their 84 patients with spastic
diplegia an average curve for lumbar lordosis of 54°, which
is considered to be the upper limit for normal. In short-term
follow-up studies after SDR, the incidence of hyperlordosis
varied from 7% to 50% using standing X-rays [12, 17, 35,
42, 44], while a combination of standing and sitting (if
standing was not possible) X-rays resulted in an incidence
of 21% [44], and another study, where the X-ray position
was not described in detail, found 15% [47].

An incidence of 21% was found in the patients who
participated in our initial short-term follow-up study, while
now more than 15 years after SDR we found an overall
incidence of 40%. This is higher compared to other short-
term follow-up studies after SDR, with the exception of the
study published by Johnson et al. [17], who reported an
incidence of 50% after the longest mean follow-up time of
8.6 years.

One of the reasons for the increase in incidence could be
the natural history of CP, as Harada et al. [13] and Steinbok
et al. [44] found a correlation between hyperlordosis and
age of the patients. Golan et al. [12] reported an increased
lordosis of 3.6° for each year after SDR, and Johnson et al.
[17] reported a higher incidence with longer follow-up

Location of the pain Never Occasionally Monthly Weekly Daily Variesa

n % n % n % n % n % n %

Spinal level Cervical 24 80 3 10 0 0 1 3 1 3 1 3

Thoracic 30 100 0 0 0 0 0 0 0 0 0 0

Lumbosacral 10 33 10 33 2 7 2 7 5 17 1 3

Upper extremity Arm 29 97 0 0 0 0 0 0 0 0 1 3

Shoulder 27 90 1 3 1 3 0 0 1 3 0 0

Lower extremity Leg 18 60 10 33 0 0 0 0 0 0 2 7

Hip 26 87 3 10 0 0 0 0 0 0 1 3

Knee 20 67 9 30 0 0 0 0 0 0 1 3

Table 3 Frequency of pain
distributed over different parts
of the body

a Varies means with a frequency
of pain between occasionally
and several times a week
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time. Although none of our associations were statistically
significant, it appeared that young age at SDR (2–5 years)
had the highest incidence of lordosis, but patients who were
classified in the longest follow-up time group had only an
11% higher incidence. As with scoliosis, these observations
need further investigation as other factors (such as the need
for orthopedic surgeries of the lower extremities [29])
should also be taken into account before age criteria for
SDR are changed. Like Golan et al. [12], we also found a
higher incidence of lordosis in females, although this was
not statistically significant.

Spondylolysis and spondylisthesis

Frederickson et al. [11] reported spondylolysis in 4% of the
children in a normal population, which increased to 6% in
adulthood, and 74% of these patients also showed spondy-
lolisthesis. These results were however based on X-rays
taken in a supine position which underestimates the true
incidence [11]. Oblique and lateral standing radiographs are
necessary to detect the true incidence [20]. Harada et al.
[13] reported (using standing X-rays and oblique views)
spondylolysis at level L5 in 21% of a cohort of patients

Table 4 Associations

Scoliosis Lordosis Spondylolysis

SDR Variables (n) % p % p % p

Age at SDR 2–5 years (17) 65 0.68 53 0.27 41 0.87
6–12 years (8) 50 25 38

>13 years (5) 40 20 20

Follow-up time 16–20 years (12) 58 1.00 33 0.71 42 0.71
21–26 years (18) 56 44 33

Demographic characteristics

Current age 21–25 (10) 60 0.22 30 0.15 50 0.51
26–30 (11) 73 64 36

>31 (9) 33 22 22

CP with unilateral upper limb involvement No (25) 56 1.00 40 1.00 28 0.05*
Mild (5) 60 40 80

Gender Male (17) 59 1.00 29 0.26 41 0.71
Female (13) 54 54 31

BMI <18.5 (2) 100 0.59 50 0.84 50 0.47
18.5–24.9 (14) 57 43 50

25.0–30.0 (8) 38 25 25

>30.0 (6) 67 50 17

GMFCS I (15) 53 0.79 33 0.70 40 0.69
II (9) 67 44 44

III (6) 50 50 17

MRI scan outcomes

Stenosis (St) No (22) 55 1.00 41 1.00 27 0.10
Yes (8) 63 38 63

Black disc (Bd) No (24) 54 0.67 42 1.00 33 0.64
Yes (6) 67 33 50

Disc protrusion (Dp) No (28) 57 1.00 43 0.50 36 1.00
Yes (2) 50 0 50

Number of abnormalities per patient No abnormalities (18) 50 0.46 44 0.91 22 0.04*
1: St or Bd or Dp (9) 67 33 56

2: St and Bd/Bd and Dp (2) 100 50 100

3: St and Bd and Dp (1) 0 0 0

Pain questionnaire

ODI 0–20 (23) 52 0.43 39 1.00 30 0.37
21–40 (7) 71 43 57

Incidences (%) and associations (p values) of each variable for the different spinal deformities as diagnosed at the long-term follow-up study were
calculated: scoliosis (n = 17), lordosis (n = 12), and spondylolysis (n = 11)

*p < 0.05, significant differences in incidences of certain spinal deformity between the variables as tabulated (Fisher exact test)
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with spastic diplegia, in which two thirds were older than
20 years. They also found spondylolisthesis in 4%
compared to 6% in the healthy control group. The short-
term SDR follow-up studies, where no oblique views were
used, reported (mainly at level L5) spondylolysis in 12%
[12] and spondylolisthesis in 2–24% [12, 17, 42, 47]. In our
post-SDR follow-up studies, we always included standing
X-rays with oblique views and the first study showed
spondylolysis in 9% and spondylolisthesis in 4% [35],
while at follow-up these were 13% and 6%, respectively
[34].

The patients who were eligible for our current follow-up
study progressed from 18% in the short term to 37% in the
long term. Spondylolisthesis grade I was diagnosed in the
same patient as in the short- and long-term follow-up study
with no progression. Spondylolysis was more common in
this long-term study than in the other short-term studies. We
found these abnormalities at different levels between L2
and S1, while other short-term follow-up studies reported
abnormalities mainly at L5–S1. When compared with X-ray
results of spastic diplegia patients who did not undergo
SDR (using similar radiographic methods) [13], spondylol-
ysis was slightly more common in our study, but the
patients may not be exactly comparable, despite the fact
that four patients showed spontaneous healing of the defect
in the pars interarticularis, as also reported by other
research groups [49].

The development of spondylolysis is in most cases a
result of a fatigue fracture of the pars. Patients who are not
ambulant have a much lower chance of developing
spondylolysis and spondylolisthesis than the more func-
tionally mobile patients. This is supported by the results of
Rosenberg et al. [38], who reported that none of their non-
ambulant patients developed spondylolysis or spondylolis-
thesis. In line with this, spondylolysis was less common in
our study in patients who were classified as GFMCS level
III. In addition, we found that patients with mild involve-
ment of an upper limb had a significantly higher incidence
of spondylolysis than the patients with no upper limb
involvement, which might be related to more asymmetrical
strain experienced by the lumbar spine. With regard to the
MRI outcomes, spondylosis was more common in patients
who had spinal stenosis (not significant), compared to those
without this spinal abnormality. In addition, a statistically
significant association was found for the total number of
MRI abnormalities and spondylolysis.

MRI scan outcomes

Degenerative changes of the spine in adults with CP have
been described in the literature [13, 38], although there is
an incomplete overview of the incidence of spinal abnor-
malities other than the bony spinal deformities.

Disc degeneration is a result of progressive structural
failure, which is often the result of aging or excessive
loading of the spine [1]. Asymmetrical and increased strain
and excessive mobility are all described in the pathogenesis
of spinal stenosis and most of our cases with spinal stenosis
appear to have been caused by facet hypertrophy. In
addition, we found that spinal stenosis was most common
at level L4–5 but sometimes occurred at multiple levels,
which is in accordance with what is described in the
literature [26].

Clinical assessments

Different short-term [9, 43] and long-term [18] follow-up
studies provided convincing evidence that muscle tone is
significantly decreased and that muscle strength might
deteriorate, remain unchanged, or improve as a result of
SDR. Persistent sensory loss has been reported in 23% of
children with CP [23] and in 4–20% in short-term SDR
follow-up studies [33, 45]. In addition, significant decreased
or absent deep tendon reflexes have been reported in most
patients in short-term follow-up studies [28]. The outcomes
of muscle tone, strength, sensation, and reflexes of our
current long-term study were similar.

Pain questionnaires

Low back pain and pain in the lower extremities were the
most commonly reported sites for pain in adults with CP [3,
6, 14, 16, 30, 41, 48]. In a mixed study, cohorts of patients
with CP aged from 18 to 70+years, back pain was reported
in 54–67% of the cases [6, 16, 30, 41]. Some studies found
that this pain had no or minor impact on patients’ daily
functioning [6, 14, 41], while another study showed that
this had a moderate to extreme impact on one third of their
patients’ activities [16]. These outcomes are similar to our
results of 67% of our adults who reported back pain (17%
on a daily basis) and 23% of them who were ‘moderately’
disabled because of back or leg pain more than 15 years
after SDR.

In addition to these more descriptive articles, back pain
has also been discussed in radiographic spinal deformity
studies. Short-term SDR follow-up studies in children
found back pain in 0–29% of the patients [17, 42, 45, 47]
with 24% occurring with lordosis [17] and 38–50% with
spondylolisthesis [42]. In a population of patients with
spastic diplegia aged 20–30+ years who did not undergo
SDR, back pain was reported in 53–64% of the cohort [13],
and 55% of their patients with spondylolysis complained
about back pain, while 75% with lordosis curves >70° and
39% with curves <50°. Our adults with spastic diplegia
who did receive SDR had a higher frequency of back pain,
but this was similar to adults who have not had SDR.
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Methodological limitations

There are several potential limitations to our study. First,
the sample size was relatively small, especially in the
subgroup analysis; therefore, some statistically significant
associations may not have been observed and these results
should be regarded as preliminary. However, these are the
only data on long-term spinal deformities after SDR.
Second, there is limited data on long-term spinal deformity
of patients with CP who did not receive SDR. We could not
adequately compare our results with the natural history of
the condition, and so cannot distinguish an independent
effect of SDR. Third, the outcomes of the short-term follow-
up were based on historical radiographic reports of analog X-
rays, while the long-term outcomes were evaluated from
digital X-rays. Although there was a difference in type of X-
rays, we still believe that these results are reliable and the
evaluations of both studies were completed by the same
experienced neurosurgeon (JCP) and orthopedic surgeon
(EBH). Fourth, even though the follow-up period in the study
is long, our patients were still relatively young (age range 21–
44 years) and follow-up to later ages is still necessary.

Conclusions

Seventeen to 26 years after SDR, spinal deformities, except
for spondylolisthesis, did appear to be more common.
However, this increase was not marked. In fact, the only
statistically significant increase was for relatively mild
scoliosis. The majority had curves of less than 30° and only
two patients had curves of 35°. No patient to date has
required any spinal operations after their SDR. It is known
that spinal deformities also increase as part of the natural
history of CP, so there is a need for further studies to
ascertain if the rate of development of spinal deformities
after SDR is any different from that of the natural history of
the condition.
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