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Control of Walking Speed in Children With Cerebral Palsy

Jon R. Davids, MD, Nina Q. Cung, BA, BS, Suzy Chen, MD, Mitell Sison-Williamson, MS,
and Anita M. Bagley, PhD, MPH

Background: Children’s ability to control the speed of gait is
important for a wide range of activities. It is thought that the
ability to increase the speed of gait for children with cerebral
palsy (CP) is common. This study considered 3 hypotheses: (1)
most ambulatory children with CP can increase gait speed, (2)
the characteristics of free (self-selected) and fast walking are
related to motor impairment level, and (3) the strategies used to
increase gait speed are distinct among these levels.

Methods: A retrospective review of time-distance parameters
(TDPs) for 212 subjects with CP and 34 typically developing
subjects walking at free and fast speeds was performed. Only
children who could increase their gait speed above the minimal
clinically important difference were defined as having a fast walk.
Analysis of variance was used to compare TDPs of children with
CP, among Gross Motor Function Classification System
(GMFCYS) levels, and children in typically developing group.
Results: Eight-five percent of the CP group (GMFCS I, 11, I11; 96%,
99%, and 34%, respectively) could increase gait speed on demand.
At free speed, children at GMFCS I and II were significantly faster
than children at GMFCS level III. At free speed, children at
GMFCS I and II had significantly greater stride length than those at
GMFCS levels II1. At free speed, children at GMFCS level III had
significantly lower cadence than those at GMFCS I and II. There
were no significant differences in cadence among GMFCS levels at
fast speeds. There were no significant differences among GMFCS
levels for percent change in any TDP between free and fast walking.
Discussion: Almost all children with CP at GMFCS levels I and
II can control the speed of gait, however, only one-third at
GMFCS 1II level have this ability. This study suggests that
children at GMFCS III level can be divided into 2 groups based
on their ability to control gait speed; however, the prognostic
significance of such categorization remains to be determined.
Level of Evidence: Diagnostic level II.
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hildren’s ability to control the speed of their gait is

important for a wide range of functional activities,
including the ability to “keep up” with their peers. For

From the Shriners Hospital for Children Northern California,
Sacramento, CA.

The authors received no outside funding for this study.

The authors declare no conflicts of interest.

Reprints: Jon R. Davids, MD, Orthopaedics, Motion Analysis Laboratory,
Shriners Hospital for Children, 2425 Stockton Boulevard, Sacramento,
CA 95817. E-mail: jdavids@shrinenet.org.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

DOI: 10.1097/BP0O.0000000000000978

J Pediatr Orthop * Volume 39, Number 8, September 2019

typically developing (TD) children, there is a linear rela-
tionship between speed, stride length, and cadence.!®
Increased speed of gait is usually accomplished by in-
creasing both stride length and cadence.”” It is thought
that the ability to increase the speed of gait for children
with cerebral palsy (CP) is “common.”'%!2 Previous
study suggest that these children utilize distinct mecha-
nisms for increasing gait velocity, relying on preferentially
increasing cadence, and having relatively limited ability to
increase stride length.!> The few studies on this issue are
limited by small sample sizes, imperfect classification of
subjects, and imprecise calculation and definition of sig-
nificant changes in gait velocity. In addition, clinicians
have speculatively correlated the ability to increase gait
speed on demand with the magnitude of disability, pre-
suming that children with the ability to control the speed
of their gait have less motor impairment than those who
cannot control their gait speed, and that the former are
better candidates for sin%le—event multilevel surgery
(SEMLS) to improve gait./%11:13 This has been partic-
ularly applied to clinical decision making for children
who ambulate at the Gross Motor Function Classi-
fication System (GMFCS) level III (ie, require assistive
devices for ambulation), in which the outcomes following
SEMLS are less predictable.!42!

The ability to control gait velocity has long been an
interest in the Motion Analysis Laboratory (MAL) at our
institution, following the development of a gait graph that
relates speed, stride length, cadence, body height, age, and
sex for TD children walking over a range of speeds.*? As a
result, children with CP evaluated in the laboratory are
routinely tested at free (self-selected) and fast walking
speeds. A retrospective case series was performed, com-
paring free and fast walking time-distance parameters
(TDPs) in these children, utilizing a validated classi-
fication of motor impairment (ie, the GMFCS) and more
precise definition of change in gait Velocit¥ [the minimal
clinically important difference (MCID)].2** The study
was designed to consider 3 hypotheses: (1) most ambu-
latory children with CP can increase their gait velocity, (2)
the TDP characteristics of free and fast walking are re-
lated to motor impairment level, as reflected by the
GMEFCS, and (3) the strategies used to increase gait speed
are distinct among GMFCS levels.

METHODS

The study design was a diagnostic study, retro-
spective case series, resulting in level II evidence. The data
were part of a single-site study that was approved by our
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Institutional Review Board and granted a waiver of in-
formed consent and Health Insurance Portability and
Accountability Act authorization for research. Subjects
were identified for recruitment based on referral to the
MAL for gait analysis. Inclusion criteria consisted of in-
dividuals between the ages of 6 and 20 years with a di-
agnosis of CP, clinician-determined GMFCS level I, 11, or
III, complete quantitative gait analysis study, and no
pharmacologic or surgical interventions within 6 months
before the index study. A complete gait study included a
physical examination by a physical therapist or kinesiol-
ogist, and recorded TDP, kinematics, kinetics, and dy-
namic electromyography at free and fast speeds. For the
fast walk the patients were instructed to walk as fast as
they could without running and without falling. Selection
of a representative fast walk was performed based upon
assessment of reproducibility of time-distance parameters
(ie, speed, stride length, and cadence). Within these
guidelines, instability, stumbling, and falling during the
fast walk trials did not occur. None of the children at the
GMFCS III level used orthoses that extended proximal to
the knee. Self-selected and fast walk trials for this group
were identical with respect to the use of orthoses and
assistive devices. Individuals were excluded if they were
classified as GMFCS level IV or V, or GMFCS levels I to
III with an incomplete quantitative gait analysis study
(usually due to cognitive issues), or had pharmacologic or
surgical interventions within the previous 6 months. For
comparison, a group of TD children between the ages of 5
and 20 years were recruited for comparable study in the
MAL.

Data extracted from the medical record of
each participant included patient clinical history, demo-
graphic information (medical record number, patient
name, date of birth, ethnicity, sex, diagnosis, and
GMFCS level. MAL patient records were also reviewed
and time-distance parameters were extracted for study
purposes.

Only children who could increase gait speed above
the MCID were defined as having a fast walk for analyses
comparing TDPs among TD and CP (subdivided by

GMFCS level) groups. Children in the TD group were
defined as having a fast walk for analyses if they could
increase gait speed above the MCID designated for
GMFCS level 1. Time-distance parameters were normal-
ized to age at time of study. Percent change in speed be-
tween free and fast walking trials were calculated for each
subject and compared with the MCID of medium (0.5)
effect size defined for each GMFCS level (8.7% for level I,
6.8% for level II, and 5.5% for level 1II).>* Percent
change in stride length between free and fast walks were
calculated for each subject and compared with the MCID
of medium (0.5) effect size defined for each GMFCS level
(4.2% for level 1, 3.9% for level 11, and 4.9% for level
III).>* Percent change in cadence between free and fast
walks were calculated for each subject and compared with
the MCID of medium (0.5) effect size defined for each
GMEFCS level (5.9% for level I, 7.6% for level II, and
5.2% for level II1).* Percent change in stride length of
children in the TD group were compared with the des-
ignated MCID for GMFCS level 1.

One-way analysis of variance with the Bonferroni
post hoc testing was performed to explore the differences
among the TD and GMFCS groups at free and fast
walking speeds. A significance level of P<0.05 and a
confidence interval at 95% were used for all statistical
comparisons. Data are presented as means and SDs, un-
less otherwise indicated.

RESULTS

Cohort Demographics

There were 212 subjects who met the inclusion cri-
teria for the CP group, and 34 subjects in the TD group,
and their demographics are summarized in Table 1. There
were 119 males and 93 females in the CP group. Mean age
was 13.1 years (6.2 to 19.3y, SD = 3.2y). In the TD
group, there were 15 males and 19 females, with a mean
age of 10.6 years (range, 5.1 to 16.6y, SD = 3.2y). Dis-
tributions of number of subjects, sex distribution, and
mean age, height, and weight for GMFCS levels I to 111
are shown in Table 1. Children at GMFCS 1 were

TABLE 1. TD and CP Patient Demographics and Clinical Characteristics Separated by GMFCS Levels

Cohort Demographic GMFCS1 GMFCS1II

Parameters (n = 80) m=91) GMFCSIII (n=41) TD (n = 34) P Group Differences§ (P)

Age (SD) (y)* 13.8 (2.8) 12.2 (3.2) 13.8 (3.5) 10.6 (3.2) < 0.001% T wvs. II (0.004), I vs. TD (< 0.001);
IIT vs. IT (0.041); IIT vs. TD (< 0.001)

Age range (y) 8.7-19.2 6.2-18.4 7.3-19.3 5.1-16.6

Sex distribution 44M;36 F 50M;41F 25M; 16 F I5M; 19 F 0.535%

Height (SD) (cm)* 152.5(13.1) 144.7 (15.9) 145.5 (17.2) 144.2 (20.7) 0.006% I vs. 11 (0.01)

Height range (cm) 126-179 104-174 115-174 111-187

Weight (SD) (kg)* 49.8 (17.0)  42.6 (15.6) 44.2 (14.9) 42.6 (19.1) 0.025% I vs. 11 (0.029)

Weight range (kg) 25.0-104.1 16.7-85.0 20.0-79.0 18.2-102.8

Diplegia/hemiplegia CP 36/44 64/27 41/0 0/0

*Values are reported as mean and SD.
TXZ, cross-table GMFCS and sex.

i P-value is the significance of the F ratio for the analysis of variance between groups.

§Group differences indicate results of post hoc Bonferroni comparison.

CP indicates cerebral palsy; F, female; GMFCS, Gross Motor Function Classification System; M, male; TD, typically developing.
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significantly older (P = 0.004), taller (P = 0.01), and
heavier (P = 0.029) than children at GMFCS level II.
Children at GMFCS I were also older than those in the
TD group (P < 0.001). Children at GMFCS III were
significantly older than those in the TD group and at
GMFCS level II (P < 0.001 and P = 0.041, respectively).
y? testing demonstrated no differences in sex distribution
among TD and CP (by GMFCS). Sixty-three of 80 (79%)
subjects at the GMFCS I level had no previous surgery.
For subjects at the GMFCS 11 level, 80/91 (88%) had no
previous surgery. For those at the GMFCS III level,
32/41 (78%) had no previous surgery.

Ability to Increase Gait Speed Above MCID

Analysis of the cohort’s ability to significantly increase
gait speed on demand is summarized in Figure 1. One
hundred eighty-one of the 212 children with CP (85%) were
able to significantly increase gait speed above MCID. The
mean increase in speed for these children with CP was 44%
(range, 8.7% to 100.3%, SD = 18.2%). Seventy-seven of 80
children (96%) at GMFCS I level were able to significantly
increase gait speed. At the GMFCS 1 level, 42/44 (95%)
subjects with hemiplegic-type CP were able to increase
walking speed above MCID threshold. Similarly, 35/36
(97%) subjects with diplegic-type CP were able to increase
walking speed above MCID threshold.

The mean increase in speed for these children at
GMFCS I was 44% (range, 8.9% to 100.3%, SD = 18.5%).
Ninety of 91 children (99%) at GMFCS II level were able to
significantly increase gait speed. At the GMFCS 1II level, 26/
27 (96%) subjects with hemiplegic-type CP were able to
increase walking speed above MCID threshold. All of the 64
(100%) subjects with diplegic-type CP were able to increase
walking speed above MCID threshold. The mean increase
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FIGURE 1. Histogram comparing the percentage of children
in typically developing (TD) and cerebral palsy (CP) groups
[Gross Motor Function Classification System (GMFCS) |, 11, 1ll]
who increased gait speed above the minimal clinically im-
portant difference (MCID), shown in parentheses, designated
for each group. The MCID defined for GMFCS | was used for
the TD group.
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in speed for these children at GMFCS II was 43% (range,
8.7% to 83.8%, SD = 17.3%). However, only 14 of 41
subjects (34%) at GMFCS III level were able to significantly
increase gait speed. For these 14 subjects at GMFCS 111, the
mean increase in speed was 44% (range, 20.4% to 88.6%,
SD = 22.8%). Of the 14 patients at the GMFCS 111 level
who could increase gait speed, 11 (79%) had no previous
surgery. Of the 27 patients at the GMFCS III who could not
increase gait speed, 21 (78%) had no previous surgery.
Thirty four of 34 children (100%) in the TD group were
able to significantly increase gait speed using the MCID
defined for GMFCS level 1. Children in the TD group had a
mean increase in speed of 54.2% (range, 17.7% to 113.1%,
SD = 21.8%)).

Characteristics of Free and Fast Walking
Analysis of the characteristics (speed, stride length,
and cadence) of free and fast speeds by TDs and GMFCS
levels is summarized in Table 2 and Figure 2. It should be
noted that 80 children at GMFCS 1, 91 at GMFCS 11,
and 41 at GMFCS 111 performed free walks, whereas only
77 children at GMFCS I, 90 at GMFCS 11, and 14 at
GMFCS III completed fast walks. All 34 children in the
TD group were able to perform both free and fast walks.
Significant differences were noted among GMFCS levels
and TDs for free and fast walking speed, stride length,
and cadence. At free speed, the TD group had sig-
nificantly greater speed and stride length than all the
GMEFCS level groups (P < 0.001). TD cadence was sig-
nificantly greater than GMFCS III level only (P = 0.006).
At free speed among GMFCS groups, both GMFCS
levels T and II had significantly greater speed, stride
length, and cadence than the GMFCS III group
(P < 0.001). There were no differences in free speed time-
distance parameters between GMFCS levels I and II. At
fast speed, the TD group had significantly greater speed
and stride length than all the GMFCS level groups
(P <0.001). TD group cadence was not significantly
different from any of the GMFCS groups. At fast speed
among GMFCS groups, GMFCS level I had significantly
greater speed and stride length than GMFCS III
(P < 0.001), and significantly greater stride length than
GMECS level II (P = 0.005). There were no significant
differences in cadence among GMFCS groups.

Strategies Used to Increase Gait Speed

Analysis of the strategies used to increase gait speed
by GMFCS level, expressed as the mean percent differ-
ence in speed, cadence, and stride length going from free
to fast walks, is summarized in Table 3 and Figure 3. The
mean increase in speed for children at GMFCS 1 was 44%
(8.9% to 100.3%, SD = 18.5%), at GMFCS II was 43%
(8.7% to 83.8%, SD = 17.3%), and at GMFCS III was
44% (20.4% to 88.6%, SD = 22.8%). Children in the TD
group had a mean increase in speed of 54.2% (17.7% to
113.1%, SD = 21.8%), which was significantly greater
than the mean increase of children at GMFCS levels I and
II (P = 0.044 and P = 0.031, respectively). However, not
all children who were able to increase their gait speed
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TABLE 2. Means and SDs of TDP Among TD and GMFCS Levels at Free and Fast Speeds

Time-Distance Parameters GMFCS 1 GMFCS 11 GMFCS 11T TD
No. subjects fast/free (%) 77/80 (96) 90/91 (99) 14/41 (34) 34/34 (100)
Velocity (SD) (m/s)*
Free speed 1.03 (0.17) 0.95 (0.17) 0.72 (0.23) 1.21 (0.22)
Fast speed 1.46 (0.25) 1.35(0.22) 1.19 (0.21) 1.83 (0.25)
Stride length (SD) (m)*
Free speed 1.05 (0.13) 0.94 (0.15) 0.82 (0.19) 1.16 (0.18)
Fast speed 1.23 (0.15) 1.09 (0.18) 1.05 (0.19) 1.37 (0.22)
Cadence (SD) (steps/min)*
Free speed 117 (12.0) 122 (16.1) 104 (29.6) 125 (15.8)
Fast speed 143 (18.5) 151 (18.8) 139 (21.4) 163 (20.9)

*Values are reported as mean and SD.

GMFCS indicates Gross Motor Function Classification System; TD, typically developing; (fast/free), fast speed/free speed.

increased their stride length greater than MCID. There-
fore, mean increase in stride length for children at
GMFCS I was 18.3% (6.25% to 41.9%, SD = 8.2%), at
GMFCS II was 17.6% (4.7% to 39.4%, SD = 8%), and
at GMFCS III was 16% (6% to 30.3%, SD = 7.4%).
Children in the TD group had a mean increase in stride
length of 18% (4.8% to 46.1%, SD = 10.3%). There were
no significant differences among the TD group or
GMFCS levels for mean increase in stride length. Sim-
ilarly, not all children who were able to increase their gait
speed increased their cadence greater than MCID. Mean
increase in cadence for children at GMFCS I was 23%
(6.6% to 49.7%, SD = 10.4%), at GMFCS 1II was
26% (8% to 58.4%, SD = 9.5%), and at GMFCS III was
29% (8.7% to 60.5%, SD = 16.8%). Children in the TD
group had a mean increase in cadence of 30% (8.5% to
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FIGURE 2. Histogram comparing percent means (normalized
to age) of time-distance parameters by typically developing
(TD) and Gross Motor Function Classification System (GMFCS)
levels at free and fast walking speeds. Statistical differences
between groups are listed. *I versus Il, I versus lll, 1Il versus IlI,
oTD versus |, I, Ill, OTD versus lll, P<0.05.
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56.2%, SD = 13.1%), which was significantly greater
than that of children at GMFCS level I (P = 0.005).

DISCUSSION

The ability to control gait speed is important for a
wide range of functional and social activities. The con-
sistent mechanisms for increasing gait speed utilized by TD
children presumably reflect an underlying drive to max-
imize energy efficiency across the range of gait speeds
required in daily life.#® Previous studies suggest that while
the ability to increase gait speed is common in children
with CP, the mechanisms by which they control gait ve-
locity are distinct relative to TD peers, due to spasticity,
impaired selective voluntary motor control, disrupted body
position sense, and the presence of muscle contractures and
skeletal malalignments.>>>" Control of stride length is
thought to be more affected than control of cadence in
children with CP.!123! For these children, increased velocity
is thought to be achieved primarily by increasing cadence,
which is presumably less energy efficient than mechanisms
that include control of stride length as well.

The current study assessed and compared the ability
of children with CP, segregated by GMFCS Ilevel, to
voluntarily increase the speed of their gait above the
MCID, with another cohort of TD children. There were
statistically significant age differences between several of
the groups. Mature kinematic gait patterns are achieved
by 7 years of age in TD children.® Improvements in motor
function (as measured by the gross motor function mea-
sure) related to growth and development in children with
CP, across GMFCS levels, also plateau by around 7 years
of age.?? These differences in age between the CP children,
as an entire group and when segregated by GMFCS, and
the TD children are between 10 and 14 years of age,
which is well above the age level where age-related
changes would be present. So, although the age differ-
ences noted above are statistically significant, they are not
clinically significant relative to the data analyzed in the
current study.

The hypothesis that most ambulatory children with
CP can increase their gait velocity, based upon the clinical
impression that the ability to control gait speed is
“common” in children with CP who are ambulatory, is
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TABLE 3. Percent of Age-Normalized Means and SDs of TDP Among TD and GMFCS Levels at Free and Fast Speeds

Time-Distance

Parameters GMFCS 1 GMFCS 11

GMEFCS 111

TD Py Group Differencesf (P)

No. subjects (fast/free)
Velocity (SD) (m/s)*

77/80 90/91 14/41

34/34

Free speed 83.4% (14.3%) 79% (14.6%) 58.7% (19.1%) 102.3% (19.6%) < 0.001 I, IT vs. III (< 0.001); TD vs. I, IT, IIT ( < 0.001)

Fast speed 118.9% (21%) 112% (18%) 97.3% (17.5%) 155.1% (21%) < 0.001 T vs. III (< 0.001); TD vs. I, II, IIT ( < 0.001)
Stride length (SD) (m)*

Free speed 81.6% (11%) 77.1% (11.5%) 64.2% (13.9%) 100.7% (13.7%) < 0.001 I, IT vs. III (< 0.001); TD vs. I, II, III ( < 0.001)

Fast speed 95.2% (12.1%) 88.7% (12.1%) 79.4% (12.3%) 118.5% (13.8%) < 0.001 I vs. II (0.005), I vs. III (< 0.001);

TD vs. I, II, IIT (< 0.001)

Cadence (SD) (steps/min)*

Free speed 102.5% (9.2%) 102.6% (11.2%) 90.1% (25.2%) 100.9% (8.9%) < 0.001 I, IT vs. IIT (< 0.001); TD vs. III (0.006)

Fast speed 125% (13.4%)  127% (13.2%) 122.7% (13.3%) 131.3% (15.5%) 0.099 NS

*Values are reported as mean and SD.

fP-value is the significance of the F ratio for the analysis of variance between groups.

1Group differences indicate results of post hoc Bonferroni comparison.

GMFCS indicates Gross Motor Function Classification System; NS, not significant; (fast/free), fast speed/free speed; TD, typically developing; TDP, time-distance

parameter.

supported by the data from this study. However, more
precise analysis is possible when the children are eval-
uated based upon motor impairment level as reflected by
the GMFCS. Almost all children at the highest functional
levels (ie, GMFCS I and 11, 96% and 99%, respectively)
were able to control their gait speed. Almost all of the
subjects with hemiplegic and diplegic CP functioning at
the GMFCS I and II levels were able to voluntarily in-
crease gait speed, suggesting that CP hemiplegics and
diplegics at GMFCS I and II levels have similar speed
control ability. The imprecision of the topographic clas-
sification scheme for CP (even between hemiplegic and
diplegic types) limits our confidence in further analysis of
these data. Interestingly, only a third (34%) of children at
the GMFCS III level were able to control gait speed. At
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FIGURE 3. Histogram comparing percentage of change in
time-distance parameters, shown above along with number of
subjects, as the study groups [Gross Motor Function Classi-
fication System (GMFCS) |, 11, 1l, all cerebral palsy, and typically
developing (TD)] increase speed. Statistical differences be-
tween groups are listed. el versus TD, Ol versus TD, P<0.05.
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the GMFCS III level, the majority of children had no
previous surgery, and the number with previous surgery
(typically 2 years or more from the index gait study) was
small, limiting our ability to perform further analysis
concerning the consequence of temporally distal surgery
on the ability to voluntarily increase gait speed. Clinicians
recognize the GMFCS III level to be transitional with
respect to natural history of ambulation, with deterio-
ration of motor function (as measured by the gross motor
function measure) over time.3? In addition, the outcomes
following SEMLS interventions are variable, with dra-
matic improvements achieved in certain children at the
GMFCS III level and progressive deterioration despite
aggressive surgery and rehabilitation noted in oth-
ers.!421.33 Although clinicians have presumed that the
ability to control gait speed is a positive predictor of a
better outcome following SEMLS in children at the
GMEFCS III level, there is no study supporting or vali-
dating this concept. This study suggests that children at
the GMFCS 111 level can be divided into 2 groups based
upon their ability to control gait velocity, (eg, IIIa: able to
increase gait speed and IIIb: not able to increase gait
speed), though further study relating this ability to out-
comes following SEMLS remains to be done. Previous
work from our center has quantified the concept of a
strength-to-weight ratio, and identified a level below
which independent ambulation is not likely.3* The ability
to prognostically subdivide children at the GMFCS III
level based upon a matrix of such variables (eg, control of
gait velocity, strength, and weight) has the potential to
enhance clinical decision making for interventions such as
surgery, rehabilitation, orthoses, and assistive devices.
The data from this study partially support the hy-
pothesis that the TDPs at free and fast walking speeds are
related to the degree of motor impairment as reflected by
GMEFCS levels. At free speed, which was self-selected,
speed, stride length, and cadence all discriminated be-
tween those children who walked independently (GMFCS
I and II) and those who did not (GMFCS III). However,
none of the parameters discriminated between the higher

www.pedorthopaedics.com | 433

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.



Davids et al

J Pediatr Orthop ¢ Volume 39, Number 8, September 2019

functional levels of GMFCS I and I1. At fast speed, a high
demand situation, stride length was the best discriminator
among GMFCS levels (I vs. II, II vs. III), and cadence
was the worst discriminator, with no differences among
GMEFCS levels. It should be noted that only a subset of
the GMFCS 1III subjects (ie, those able to increase ve-
locity above MCID, the previously described I1Ia group,
14 of 41 children), were included in this level of the
analysis. Their TDP profiles appear to be more similar to
the GMFCS I and II groups than the IIIb subgroup (ie,
those not able to increase gait speed), suggesting a less
severe impairment level for the IIIA subgroup, which may
be a prognostic variable for outcomes following a variety
of interventions to improve gait.

The data from this study do not support the hy-
pothesis that strategies used to increase gait speed are
distinct among GMFCS levels. Children in the TD group
exhibited significantly greater speed and stride length
than all of the subjects in the CP group, at both free and
fast speeds, regardless of GMFCS level. Cadence was a
poor discriminator between TD and CP groups at both
free and fast speeds. The TD group showed a significantly
greater percent increase in velocity from free to fast speed
trials than the CP group, regardless of GMFCS level.
However, there was only 1 significant difference in percent
change in stride length and cadence for free to fast
walking between TD and CP groups, regardless of
GMEFCS level (change in cadence between TD and
GMFCS I).

There were no significant differences in the percent
change in TDPs (velocity, stride length, or cadence) from
free to fast walking among GMFCS levels. The mean
increase in velocity (54%) for the TD group was achieved
by increases in both stride length (18%) and cadence
(30%). The mean increase in velocity (44%) for the CP
group was achieved by increases in both stride length
(18%) and cadence (25%). This suggests the presence of
consistent underlying pathophysiologic processes in chil-
dren with CP who are ambulatory, regardless of func-
tional impairment as measured by the GMFCS. The
difference in results for this topic relative to the previous
study by Abel and Damiano may be explained by the
current study’s more robust study design. The current
study has a much larger sample size (212 vs. 24 children
with CP in the Abel and Damiano study), improved
classification of subjects (GMFCS vs. community/limited
community ambulators in the Abel and Damiano study),
and more precise calculation and definition of significant
changes in gait velocity (MCID vs. any measured increase
in the Abel and Damiano study).!? Further study is re-
quired to better understand the relative mechanisms uti-
lized to control gait velocity in children with CP.

In summary, almost all children with CP at the
GMFCS I and II levels can control the speed of their gait,
whereas only a third at the GMFCS III level have the
ability to do so. The clinical significance of this remains to
be determined. Stride length is the most discriminatory (and
cadence the least) TDP measure among GMFCS levels
for both free and fast walking. The mechanisms by which
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children with CP increase gait velocity (ie, utilization of
changes in stride length and cadence) are comparable
across GMFCS levels, suggesting the presence of consistent
underlying pathophysiologic processes.

REFERENCES

1. Beck RJ, Andriacchi TP, Kuo KN, et al. Changes in the gait patterns
of growing children. J Bone Joint Surg Am. 1981;63:1452—-1457.

2. Kirtley C, Whittle MW, Jefferson RJ. Influence of walking speed on
gait parameters. J Biomed Eng. 1985;7:282-288.

3. Norlin R, Odenrick P, Sandlund B. Development of gait in the
normal child. J Pediatr Orthop. 1981;1:261-266.

4. van der Linden ML, Kerr AM, Hazlewood ME, et al. Kinematic
and kinetic gait characteristics of normal children walking at a range
of clinically relevant speeds. J Pediatr Orthop. 2002;22:800-806.

5. Gage JR, Schwartz MH. Normal Gait. In: Gage JR, Schwartz MH,
Koop SE, Novacheck TF, eds. The Identification and Treatment of
Gait Problems in Cerebral Palsy, 2nd ed. London: MacKeith Press;
2009:31-64.

6. Sutherland DH, Olshen R, Cooper L, et al. The development of
mature gait. J Bone Joint Surg Am. 1980;62:336-353.

7. Perry J, Burnfield J. Gait Analysis: Normal and Pathologic Function,
2nd ed. Thorofare, NJ: Slack incorporated; 2010.

8. Schwartz MH, Rozumalski A, Trost JP. The effect of walking speed on
the gait of typically developing children. J Biomech. 2008;41:1639-1650.

9. Wheelwright EF, Minns RA, Law HT, et al. Temporal and spatial
parameters of gait in children. I: normal control data. Dev Med
Child Neurol. 1993;35:102-113.

10. Bleck EE. Orthopaedic Managment in Cerebal Palsy. London:
MacKeith Press; 1987.

11. Rang M, de la Garza J. Cerebral Palsy. In: Lovell WW, Winter RB,
eds. Pediatric Orthopaedics, 2nd ed. Philadelphia, PA: J.B.
Lippincott; 1986:345-396.

12. Abel MF, Damiano DL. Strategies for increasing walking speed in
diplegic cerebral palsy. J Pediatr Orthop. 1996;16:753-758.

13. Gage JR, DeLuca PA, Renshaw TS. Gait analysis: principle and
applications with emphasis on its use in cerebral palsy. Instr Course
Lect. 1996;45:491-507.

14. Harvey A, Rosenbaum P, Hanna S, et al. Longitudinal changes in
mobility following single-event multilevel surgery in ambulatory
children with cerebral palsy. J Rehabil Med. 2012;44:137-143.

15. McGinley JL, Dobson F, Ganeshalingam R, et al. Single-event
multilevel surgery for children with cerebral palsy: a systematic
review. Dev Med Child Neurol. 2012;54:117-128.

16. Narayanan UG. Management of children with ambulatory cerebral
palsy: an evidence-based review. J Pediatr Orthop. 2012;32(suppl
2):S172-S181.

17. Ounpuu S, Solomito M, Bell K, et al. Long-term outcomes after
multilevel surgery including rectus femoris, hamstring and gastro-
cnemius procedures in children with cerebral palsy. Gait Posture.
2015;42:365-372.

18. Rodda JM, Graham HK, Nattrass GR, et al. Correction of severe
crouch gait in patients with spastic diplegia with use of multilevel
orthopaedic surgery. J Bone Joint Surg Am. 2006;88:2653-2664.

19. Rutz E, Donath S, Tirosh O, et al. Explaining the variability
improvements in gait quality as a result of single event multi-level
surgery in cerebral palsy. Gait Posture. 2013;38:455-460.

20. Svehlik M, Steinwender G, Lehmann T, et al. Predictors of outcome
after single-event multilevel surgery in children with cerebral palsy:
a retrospective ten-year follow-up study. Bone Joint J. 2016;98-
B:278-281.

21. Thomason P, Selber P, Graham HK. Single event multilevel surgery
in children with bilateral spastic cerebral palsy: a 5 year prospective
cohort study. Gait Posture. 2013;37:23-28.

22. Todd FN, Lamoreux LW, Skinner SR, et al. Variations in the gait of
normal children. A graph applicable to the documentation of
abnormalities. J Bone Joint Surg Am. 1989;71:196-204.

23. Palisano R, Rosenbaum P, Walter S, et al. Development and
reliability of a system to classify gross motor function in children
with cerebral palsy. Dev Med Child Neurol. 1997;39:214-223.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.



J Pediatr Orthop ¢ Volume 39, Number 8, September 2019

Control of Walking Speed in Children with CP

24.

25.
26.

27.

28.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

Oeffinger D, Bagley A, Rogers S, et al. Outcome tools used for
ambulatory children with cerebral palsy: responsiveness and
minimum clinically important differences. Dev Med Child Neurol.
2008;50:918-925.

Crenna P. Spasticity and’spastic’ gait in children with cerebral palsy.
Neurosci Biobehav Rev. 1998;22:571-578.

Damiano DL, Laws E, Carmines DV, et al. Relationship of
spasticity to knee angular velocity and motion during gait in
cerebral palsy. Gait Posture. 2006;23:1-8.

Granata KP, Abel MF, Damiano DL. Joint angular velocity in
spastic gait and the influence of muscle-tendon lengthening. J Bone
Joint Surg Am. 2000;82:174—186.

Tuzson AE, Granata KP, Abel MF. Spastic velocity threshold
constrains functional performance in cerebral palsy. Arch Phys Med
Rehabil. 2003;84:1363—1368.

29.

30.

31.

32.

33.

van der Krogt MM, Doorenbosch CA, Becher JG, et al. Dynamic
spasticity of plantar flexor muscles in cerebral palsy gait. J Rehabil
Med. 2010;42:656-663.

van der Krogt MM, Doorenbosch CA, Harlaar J. The effect of
walking speed on hamstrings length and lengthening velocity in
children with spastic cerebral palsy. Gait Posture. 2009;29:640-644.
Wheelwright EF, Minns RA, Elton RA, et al. Temporal and spatial
parameters of gait in children. II: pathological gait. Dev Med Child
Neurol. 1993;35:114-125.

Hanna SE, Rosenbaum PL, Bartlett DJ, et al. Stability and decline
in gross motor function among children and youth with cerebral
palsy aged 2 to 21 years. Dev Med Child Neurol. 2009;51:295-302.
Davids JR, Oeffinger DJ, Bagley AM, et al. Relationship of
strength, weight, age, and function in ambulatory children with
cerebral palsy. J Pediatr Orthop. 2015;35:523-529.

www.pedorthopaedics.com | 435

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.



