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Abstract

Purpose
To assess whether short-term clinical changes observed during an intrathecal baclofen (ITB) trial
approximate long-term outcomes following selective dorsal rhizotomy (SDR) in children with spastic
cerebral palsy.

Methods
We reviewed a cohort of patients ≤ 21 years old who underwent an ITB trial followed by SDR between
2015 and 2024. Modified Ashworth Scale (MAS), passive range of motion (ROM), and Observational Gait
Scale (OGS) outcomes were recorded at baseline, 2 and 4 hours after ITB injection, and at least 12
months after SDR. Time points were compared using Wilcoxon signed-rank tests, and caregivers
completed a postoperative survey.

Results
Twenty-one patients were included (median follow-up, 26.2 months). Composite MAS scores decreased
by 2.0 points after ITB and 2.6 points after SDR (both p < 0.001), with no significant difference between
ITB and post-SDR assessments (p = 0.115). Straight leg raise improved by 10° after ITB (p < 0.001) and
remained improved after SDR (p = 0.003), with no difference between ITB and post-SDR values (p = 
0.330). Hip abduction improved after ITB (p = 0.005) but not long term; ankle dorsiflexion did not
significantly change. OGS improved by 2.0 points after ITB (p = 0.014) and 2.5 points after SDR (p < 
0.001), with no significant difference between ITB and post-SDR scores (p = 0.151). Caregiver reports
were concordant, with most describing similar improvements after SDR and finding the ITB trial useful
for expectation setting and decision-making.

Conclusion
At the cohort level, changes observed during the ITB trial approximated those measured at long-term
follow-up after SDR. An ITB trial may support patient selection and expectation setting; larger studies are
needed to determine individual-level predictive performance.

Introduction
Cerebral palsy is the most prevalent motor disorder of childhood, with an estimated prevalence ranging
from 1.5 to 4 per 1,000 live births [16–18, 29, 31]. Spastic cerebral palsy (SCP), characterized by
increased muscle tone and impaired voluntary movement, is the predominant subtype of cerebral palsy,
and is the most common cause of childhood-onset, lifelong physical disability. Spasticity has a
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significant impact on function and quality of life, and interferes with gait, causes discomfort, and impairs
functional independence [8]. Without intervention, spasticity-related motor impairments persist into
adulthood, frequently accompanied by musculoskeletal complications, chronic pain, and difficulty for
caregivers. Selective dorsal rhizotomy (SDR), where the operator identifies and transects afferent
sensory nerve rootlets at the lumbosacral level while preserving motor function and sensation, is an
established spasticity-reducing procedure for children with moderate to severe SCP [22, 26]. While SDR
reliably reduces tone, improvements in range of motion, gait, and overall mobility vary significantly
between patients, making optimal surgical selection for SDR a persistent clinical challenge [9, 19, 25].

Several studies have evaluated the use of preoperative assessments, such as motor function scales, gait
analysis, and neuroimaging, to assess baseline function and predict outcomes following SDR [20, 28,
30]. However, these tools often fail to predict individual post-SDR outcomes. Alternatively, short duration
intrathecal baclofen (ITB) trials, which temporarily reduce spasticity via modulation of spinal motor
circuitry [10], offer a reversible, real-time opportunity to evaluate the magnitude and functional impact of
tone reduction. Yet, the utility of ITB trials to help predict post-SDR functional changes remains largely
unknown.

In this study, we evaluated children with SCP who underwent an ITB trial followed by SDR at a single
tertiary pediatric center. We aimed to determine whether changes in tone, ROM, and gait during the ITB
trial correlated with outcomes at least one year after SDR. Additionally, we assessed caregiver
perceptions of the ITB trial's role in shaping expectations and influencing the decision to proceed with
surgery. We hypothesized that the direction and magnitude of changes during the ITB trial would be
similar to those observed after SDR and provide predictive value to both clinicians and families.

Methods
We conducted a retrospective review of a prospectively collected cohort of pediatric patients with
spastic cerebral palsy who underwent an ITB trial followed by selective dorsal rhizotomy (SDR) at a
single tertiary care center between 2015 and 2024. Outcome measures were obtained at standardized
time points: baseline (pre-trial), during the ITB trial (2 and 4 hours post-injection), and at ≥ 12-month
follow-up after SDR (Fig. 1). Eligible patients were ≤ 21 years of age, carried a diagnosis of spastic
cerebral palsy, completed a standardized preoperative ITB trial, and subsequently underwent SDR with at
least 12 months of postoperative follow-up. Patients were excluded if outcome data were incomplete.

ITB Trial Protocol
The ITB trial was performed in the pediatric intensive care unit under intravenous sedation. A single
bolus of 50 µg baclofen in 1 mL was delivered intrathecally via lumbar puncture. Outcome assessments
were performed at 2 and 4 hours post-injection using the same standardized instruments applied at
postoperative follow-up. The 4-hour evaluation was used for all trial analyses.
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Surgical Procedure
SDR was performed through a single-level laminectomy at the level of the conus medullaris as previously
described [12, 21]. Intraoperative neurophysiological monitoring and intraoperative manual muscle
palpation by the physical and occupational therapy team were used to identify dorsal rootlets
contributing most to spasticity, which were selectively sectioned while preserving motor rootlets.
Approximately two-thirds of the most spastic dorsal rootlets were lesioned at each level.

Baseline and Outcome Measures
Spasticity was scored bilaterally for the hamstrings, plantarflexors, and hip adductors. A composite
Modified Ashworth Scale (MAS) score was calculated as the average across all six muscle groups.

Passive range of motion (ROM) was measured using a goniometer for straight leg raise (SLR), ankle
dorsiflexion with the knee extended, and hip abduction, all performed in supine position [4, 15].

In ambulatory patients (n = 12), gait was recorded on video and scored using the Observational Gait
Scale (OGS) [2].

Clinically Meaningful Improvement
Responder thresholds were defined as follows:

MAS: ≥1-point average decrease across all six muscle groups

ROM: ≥10° increase in SLR or dorsiflexion, or ≥ 5° increase in hip abduction

Gait: ≥1-point increase in OGS

Caregiver Survey
A 16-item postoperative survey was administered at ≥ 12-month follow-up.

Questions 1–8 (Perceived Benefit): Compared perceived changes during the ITB trial with changes after
SDR across tone, ROM, motor function, ADLs, and comfort. Responses were scored as + 1 (“greater
during trial”), 0 (“same”), or − 1 (“less during trial”). A sum score was calculated. For each item, the
proportion reporting outcomes “equal to SDR” (score = 0) was recorded.

Questions 9–16 (Expectation Setting): Assessed whether the ITB trial helped set expectations and
inform decision-making, rated on a 5-point Likert scale (5 = strongly agree to 1 = strongly disagree).
Agreement was defined as a score ≥ 4.

Statistical Analysis
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Descriptive statistics were reported as medians with ranges or interquartile ranges (IQRs) for continuous
variables and as counts/percentages for categorical variables. Paired comparisons between time points
(baseline vs ITB trial, baseline vs post-SDR, and ITB trial vs post-SDR) were performed using the
Wilcoxon signed-rank test. Only patients with complete follow-up for a given domain were included in its
analysis. All tests were two-tailed with p < 0.05 considered significant. These analyses evaluated cohort-
level differences between time points; they were not designed to test individual-level prediction or formal
equivalence.

Results

Cohort Characteristics
Twenty-one patients with SCP who underwent SDR were included. The median age at SDR was 9 years
(range: 3–21). 52.4% (n = 11) were male and 47.6% (n = 10) were female. GMFCS levels at baseline were
available for 20 patients: Level 1: 20%, Level 2: 15%, Level 3: 35%, Level 4: 25%, Level 5: 5%. Median
baseline MAS composite score was 3.0 (range: 1.2–4.0); median SLR was 45°, ankle dorsiflexion − 3.8°,
hip abduction 41°, and median OGS score 10.0. Median time from ITB trial to SDR was 3.4 months
(range: 1.1–36.4). Median follow-up was 26.2 months (range: 12–103.9) (Table 1). Analyses were
performed for each domain at ≥ 12-month follow-up, with complete data for 16 patients for MAS, 15 for
ROM, and 12 ambulatory patients for OGS (Fig. 1). There were no postoperative complications after
either the ITB trial or SDR.
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Table 1
Cohort demographics and baseline clinical

characteristics
Age at SDR (years) 9 (3–21)

Sex, n (%) Male: 11 (52.4%)

Female: 10 (47.6%)

Baseline GMFCS, n (%)  

Level 1

Level 2

Level 3

Level 4

Level 5

4 (20.0%)

3 (15.0%)

7 (35.0%)

5 (25.0%)

1 (5.0%)

Baseline MAS  

Hamstrings

Plantarflexors

Adductors

3.0 (1–4)

3.0 (1–4)

2.5 (1–4)

Baseline ROM  

SLR (°)

Ankle dorsiflexion (°)

Hip abduction (°)

45 (0–75)

 − 3.8 (− 17–30)

41 (2.5–45)

Baseline OGS 10.0 (4.0–14.5)

Table 1. Data are presented as median (range) unless otherwise indicated. GMFCS, Gross Motor
Function Classification System; MAS, Modified Ashworth Scale; ROM, range of motion; SLR, straight leg
raise; OGS, Observational Gait Scale; SDR, selective dorsal rhizotomy; ITB, intrathecal baclofen.

Spasticity Outcomes
Composite MAS scores decreased by a median of 2.0 points during the ITB trial and 2.6 points from
baseline to ≥ 12 months after SDR (p < 0.001 for both comparisons). The additional change between the
trial and post-SDR assessments was small (median 0.6 points) and not statistically significant (p = 
0.115) (Table 2; Fig. 2).

Range of Motion
Composite ROM scores improved during the ITB trial (p < 0.001) and remained significantly improved at
≥ 12 months after SDR compared with baseline (p < 0.001), with no significant difference between ITB

Page 7/16



trial and post-SDR assessments (p = 0.328). Among individual measures, SLR improved by a median of
10° during the ITB trial (p < 0.001) and remained improved at ≥ 12 months after SDR (p = 0.003). Hip
abduction increased modestly during the trial (median 4°, p = 0.005), without sustained postoperative
improvement relative to baseline (p = 0.398). Ankle dorsiflexion did not demonstrate a significant change
at any time point. Differences between ITB trial and post-SDR assessments were small and not
statistically significant across all ROM measures (SLR: p = 0.330, ankle dorsiflexion: p = 0.058, hip
abduction: p = 0.414) (Table 2; Fig. 2).

Gait Function
OGS scores improved by a median of 2.0 points during the ITB trial (p = 0.014) and by 2.5 points from
baseline to post-SDR (p < 0.001). The additional improvement between the trial and post-SDR
assessments was modest (median 1.2 points) and not statistically significant (p = 0.151) (Table 2;
Fig. 2).

Table 2
Objective outcome measures across study time points

Outcome
Measure

Baseline Trial Post-
SDR

p Trial vs
Baseline

p Post-SDR
vs Baseline

p Trial vs
Post-
SDR

MAS Composite
(points);

3.0 (1–4) 1.0 (0–
2.3)

0.4 (0–
3.0)

p < 0.001 p < 0.001 p = 0.115

Hamstrings MAS
(points)

3.0 (1–4) 1.0 (0–
2.0)

0.25 (0–
3.0)

p < 0.001 p < 0.001 p = 0.393

Plantarflexors
MAS (points)

3.0 (1–4) 1.0 (0–
3.0);

1.0 (0–
3.0)

p < 0.001 p < 0.001 p = 0.245

Adductors MAS
(points)

2.5 (1–4) 1.0 (0–
2.0)

0 (0–3.0) p < 0.001 p < 0.001 p = 0.262

ROM Composite
(°)

26.6
(-0.8–
45.0)

33.8
(4.2–
60.0)

36.7
(17.0–
49.8)

p < 0.001 p < 0.001 p = 0.328

SLR (°) 45 (0–75) 55.0 (0–
70.0)

60.0 (0–
74.5)

p < 0.001 p = 0.003 p = 0.330

Ankle
Dorsiflexion (°)

-3.8
(-17.0–
30.5)

6.2
(-8.0–
30.0)

11.2
(-7.5–
30.0)

p = 0.171 p = 0.724 p = 0.058

Hip Abduction (°) 41.0 (2.5–
45.0)

45.0
(15.0–
45.0)

45.0
(20.0–
45.0)

p = 0.005 p = 0.398 p = 0.414

OGS (points) 10.0 (4.0–
14.5)

11.0
(1.0-
16.5)

13.0
(6.0–
21.0)

p = 0.014 p < 0.001 p = 0.151
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Caregiver Survey Results
All caregivers (n = 21) completed the postoperative survey. For the perceived benefit items (Q1–Q8),
many caregivers reported that the improvements seen during the ITB trial were comparable to those
observed after SDR across multiple domains, including tone, ROM, function, ADLs, and comfort.

For expectation-setting items (Q9–Q16), most caregivers agreed that the trial helped them understand
the likely magnitude of postoperative improvement and informed their decision-making. The majority
(83.3%) indicated they would recommend the ITB trial to other families considering SDR (Table 3).

Table 3. Caregiver-reported perceptions of ITB trial and SDR outcomes

A. Perceived benefit (Q1–Q8)
Proportion reporting ITB trial outcomes equal to post-SDR outcomes.

Domain % Equal to SDR

Lower extremity tone 72.7%

Upper extremity tone 29.4%

Lower extremity ROM 70.0%

Upper extremity ROM 59.9%

Lower extremity function 80.0%

Upper extremity function 37.5%

Activities of daily living 61.5%

Pain / Comfort 46.2%

B. Expectation setting (Q9–Q16)
Proportion agreeing that the ITB trial helped set expectations (Likert score ≥ 4).
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Table 3
Caregiver-reported perceptions of ITB trial and SDR

outcomes. Agreement was defined as a Likert score ≥ 4.
ROM, range of motion; ADLs, activities of daily living; SDR,

selective dorsal rhizotomy; ITB, intrathecal baclofen.
Domain % Agreement

Tone 88.9%

ROM 88.9%

Function 77.8%

ADLs 66.7%

Pain / Comfort 55.6%

Informed decision to proceed with SDR 83.3%

Would recommend ITB trial 83.3%

Discussion
In this small study, we have demonstrated that the direction and magnitude of cohort-level changes
observed during the ITB trial closely reflected those seen at ≥ 1 year follow-up after SDR across all
domains assessed. Most gains occurred during the ITB trial and were maintained at long-term follow-up,
with minimal change between the trial and post-SDR assessments. These findings suggest that the ITB
trial may provide a clinically useful approximation of the effects of tone reduction at the group level.

The functional impairment in SCP is multifactorial, with spasticity representing only one component of a
broader neuromuscular disorder. In addition to hypertonia, deficits in motor control and planning, muscle
weakness, and progressive musculoskeletal deformities contribute substantially to functional limitation
and variability in treatment response. These factors help explain why reductions in tone alone do not
uniformly translate into improvements in gait or overall mobility [1, 27].

Both ITB and SDR are well-established interventions for reducing spasticity in children with SCP and have
demonstrated to be useful interventions to improve tone and mobility [3, 5, 7, 10, 11, 13, 14, 24]. Other
focal spasticity treatments, including botulinum toxin combined with rehabilitation, may also improve
lower-extremity tone and gait [6, 23]. However, functional outcomes after SDR vary widely, even among
children with similar baseline presentations, highlighting the need for more individualized preoperative
assessment [5, 11, 14, 24]. Because an ITB trial produces an immediate, temporary reduction in
spasticity, it provides an opportunity to evaluate the functional impact of tone reduction effects prior to
proceeding with a surgical intervention with permanent clinical effects, such as SDR. This has important
implications for patient selection and counseling, particularly in cases where the relative contribution of
spasticity versus motor control impairment is uncertain.
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Paired analyses demonstrated significant improvements from baseline during the ITB trial and at long-
term follow-up after SDR, with no statistically significant differences detected between trial and post-
SDR measurements. The absence of statistically significant differences should not be interpreted as
formal equivalence, particularly given the modest sample size. Rather, the study did not detect a cohort-
level difference between the two assessments, supporting the interpretation that early response to
transient spasticity reduction reflects the magnitude of benefit achievable with permanent surgical
modulation.

An important strength of this study is the incorporation of caregiver perspectives alongside objective
clinical measures. Families play a central role in decision-making, and their observations often capture
dimensions of comfort, function, and day-to-day mobility that are not fully reflected in formal
assessments. The high level of reported concordance between trial responses and postoperative
improvements underscores the trial’s value not only as a predictive clinical tool, but also as a means of
helping families understand and anticipate the potential benefits of SDR. Importantly, the vast majority of
caregivers would recommend others to undergo an ITB trial to help make the decision whether to move
forward with SDR.

These findings should be interpreted in the context of some limitations. While data were collected using
standardized clinical instruments, portions of the analysis were conducted retrospectively. The short
assessment window of the ITB trial may not capture longer-term functional adaptations. Caregiver
responses were collected after SDR and may be subject to recall bias. Finally, the modest sample size
from a single tertiary center further limits statistical power and precludes multivariable modeling. The
variable interval between ITB trial and SDR may also have influenced the measured responses.

Despite these limitations, the broadly similar cohort-level changes observed during the ITB trial and after
SDR support further evaluation of a standardized ITB trial within the SDR assessment pathway. Its
reversible nature, low risk profile, and ability to demonstrate patient-specific functional responses make
it a valuable adjunct to conventional preoperative assessment.

Conclusion
At the cohort level, changes in tone, ROM, and gait observed during the ITB trial approximated those
measured at long-term follow-up after SDR, with no statistically significant differences detected between
trial and postoperative measurements. Thus, an ITB trial may provide a clinically useful demonstration of
the anticipated effects of SDR, facilitating expectation setting and shared decision-making. Further
studies are needed to determine whether individual responses to ITB predict postoperative outcomes or
improve patient selection for SDR.
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Figures

Figure 1

Flow diagram showing the number of patients contributing outcome data at baseline, during the
intrathecal baclofen (ITB) trial, and at ≥12-month follow-up after selective dorsal rhizotomy (SDR). MAS
and ROM data were available for 21 patients at baseline and during the trial and for 16 and 15 patients,
respectively, after SDR. OGS data were available for 12 ambulatory patients at all three time points. MAS,
Modified Ashworth Scale; ROM, range of motion; OGS, Observational Gait Scale

Figure 2

Within-patient changes in Modified Ashworth Scale (MAS) composite scores, passive range of motion
(ROM; composite), and Observational Gait Scale (OGS) scores at baseline, during intrathecal baclofen
(ITB) trial, and at ≥12-month follow-up after selective dorsal rhizotomy (SDR). For each outcome, solid
lines represent median values across stages, shaded regions indicate interquartile ranges (IQRs), and “×”
markers denote individual participant measurements. MAS composite scores improved significantly

Page 15/16



during the ITB trial and remained improved after SDR (baseline vs ITB: p<0.001; baseline vs post-SDR:
p<0.001), with no significant difference between ITB trial and post-SDR assessments (p=0.115). OGS
scores improved during the ITB trial (p=0.014) and after SDR (baseline vs post-SDR: p<0.001), with no
significant difference between ITB trial and post-SDR assessments (p=0.151). ROM outcomes showed
no significant differences between ITB trial and post-SDR assessments for any measure (SLR: p=0.330,
ankle dorsiflexion: p=0.058, hip abduction: p=0.414).

Page 16/16


