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ABSTRACT
Objective: This study presents a case series of 157 children with developmental delay syndromes, including the conditions
such as dyspraxia, dyslexia, attention-deficit hyperactivity disorder, and learning disabilities who received chiropractic care.
Clinical Features: A consecutive sample of 157 children aged 6 to 13 years (86 boys and 71 girls) with difficulties in
reading, learning, social interaction, and school performance who met these inclusion criteria were included.
Intervention and Outcomes: Each patient received a multimodal chiropractic treatment protocol, applied kinesiology
chiropractic technique. The outcome measures were a series of 8 standardized psychometric tests given to the children by
a certified speech therapist pre- and posttreatment, which evaluate 20 separate areas of cognitive function, including
patient- or parent-reported improvements in school performance, social interaction, and sporting activities. Individual
and group data showed that at the end of treatment, the 157 children showed improvements in the 8 psychometric tests
and 20 areas of cognitive function compared with their values before treatment. Their ability to concentrate, maintain
focus and attention, and control impulsivity and their performance at home and school improved.
Conclusions: This report suggests that a multimodal chiropracticmethod that assesses and treatsmotor dysfunction reduced
symptoms and enhanced the cognitive performance in this group of children. (JManipulative Physiol Ther 2009;32:660-669)

Key Indexing Terms: Chiropractic; Developmental Delay Disorder; Apraxias; Dyslexia; Learning Disorders
Chiropractic treatment of developmental delay syn-
dromes (DDSs), a term that encompasses conditions
such as dyspraxia, dyslexia, learning disabilities,

and attention-deficit hyperactivity disorder (ADHD), has
shown some interest.1 The need for more observational and
experimental studies in this area has also been pointed out.2

It has been shown that motor discoordination, especially
affecting the postural and ocular muscles, is a common
comorbid condition associated with this spectrum of
disorders.3-7

At this time, DDSs are thought to have multifactorial
etiologies.3,4,8-11 The epidemiologic prevalence of these
disturbances has been estimated to be as high as 5% to 20%
(depending on a conservative definition).10,11
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Over the past decade, there has been an increase in the
number of DDS-related visits to health care providers, and
the percentage of children with severe behavioral and
language problems is increasing.12 A study by the US
Department of Education stated that more than 50% of
minority and nonminority children are not reading at their
grade level.13 With the increase of methylphenidate use by
700% since 1990,14 and because last year, doctors in the
United States wrote an estimated 20 million prescriptions for
methylphenidate, it is obvious why parents and children with
DDS come to chiropractors and other physicians for help.

In a survey of children with DDS (specifically ADHD),
67.6% of families reported current or past use of comple-
mentary and alternative medicine to manage this condition,
including chiropractic, modified diet, and vitamins, minerals,
and dietary supplements.15 The natural history of DDS is
also a challenge. Medications are often used for these
children, but these medications do not necessarily normalize
these children's function.16 In children treated pharmaco-
logically, subtle and not-so-subtle neurocognitive impair-
ments often persist into adulthood.16-19 Problems with
DDS are likely to affect employment status, educational
achievements, health care consumption, traffic and other
accidents, and criminality.
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A growing body of research evidence has found that poor
muscle tone is related to postural disorders, sensory-motor
and coordination disorders, and kinesthesia in children with
DDS.3-5,20-22 Although it has been fairly well known that
attention deficit disorder and ADHD, for instance, are
comorbid with other psychiatric disorders, what is less well
known and more significant to the present study is the
association between ADHD and motor control dysfunctions,
or what has been termed developmental coordination
disorder or dyspraxia.3-5,21,22

Because motor and cognitive functions often coexist, this
study was undertaken to investigate whether chiropractic
assessment and treatment of motor impairments in 157
children with DDS would have positive effects upon their
cognitive performance. We used widely accepted and
standardized assessment tools from the educational psychol-
ogy and logopedic (speech therapy) fields. This report offers
a standardized, quantitative data collection system for a
consecutive sample of 157 children with DDS.
CLINICAL FEATURES
Patients

The inclusion criteria for the cases included in this report
were that each child tested positive for DDS after undergoing
psychometric testing by a qualified logopedist (a speech
therapist) on their initial examination while in school or
earlier, and that each child had a documented history of
learning, behavioral, reading, and/or performance impair-
ments for his age group. Logopedists are university-trained
speech therapists or orthophonists. They are specialists in
various corrective treatments for the problems associated
with DDS in children. The logopedist who evaluated these
children was employed only for conducting the psychomet-
ric testing on the children and provided no treatment.

A consecutive sample of 157 patients (86 male, 71 female)
between 6 and 13 years old was obtained from a group of
young patients brought in by their parents for chiropractic
care between January 1993 to February 2007 in Lausanne,
Switzerland. The child and the parents were asked to provide
detailed diaries to the logopedist to help document the status
of the child before treatment began. Informed written consent
was obtained from the subject or legal guardian after the
procedure(s) of the treatment had been fully explained.

Because there are no “gold standards” in the literature to
evaluate the effect of treatment upon children with
DDS besides symptomatic remission and functional
restoration,17,18 in each case, the child was treated until
their particular presenting problem (identified in the
detailed history, questionnaire, and patient diary) was
resolved. The timing of the posttreatment psychometric
testing also correlated in every case with substantial
improvements in the applied kinesiology (AK) examination
findings for those factors believed to be causing the DDS in
the child. At posttreatment, the identical battery of
psychometric tests were given to the child. Eight different
neuropsychologic and neurophysiologic tests were used in
this study, which were derived from screening instruments
that have been shown to identify DDS in children of
various ages.23-33 These psychometric tests assess a total of
20 different cognitive functions that will be described. Each
of the tests used have normative values for given
populations of a certain age, and the values for the children
in this study pre- and posttreatment are compared. The
child and the parents were asked to provide detailed diaries
to the logopedist on the posttreatment examination and to
describe any specific improvements in the child's behavior,
school, and family functions.
Psychometric Tests
A number of other reports from diverse fields studying

children with DDS (hyperactivity, ADHD, dyslexia, dys-
praxia, and learning disabilities) have used psychometric
testing of motor coordination such as balancing, copying,
writing, maze tracing, and pursuit tracking and shown that
these children have more difficulties with these tests.34-36

The full battery of tests requires approximately 1 hour
to complete.

Psychometric tests were originally devised as methods for
assessing complex functions of intellect and behavior.34

They aid in the differential diagnosis of different kinds of
mental and behavioral disturbances. These 8 tests evaluate
the child's ability to adequately perceive, organize, and act
upon sensory stimuli (spatial organization and orientation,
right-left perception, visual and auditory perception, grapho-
perceptive organization, and temporal orientation).
1. Complex figure of Rey test. Visual perception and
memory, spatial orientation and organization, and the
time required for copying a complex geometric figure
were assessed using the complex figure of Rey test.23-25

This test is a commonly used neuropsychologic
measure that assesses visual learning and memory.
Normative data for different age groups have been
compiled.25 When assessing an individual suspected of
neurologic dysfunction, useful comparisons include the
extent to which the patient deviates from healthy peers
and how closely the subject's performance matches
those with known brain injury.

2. Borel-Maisonny test (logatomes). Phonological analy-
sis and memorization, and auditory-verbal perception
were assessed using the Borel-Maisonny language test.
The test involves repeating a series of words without
particular meaning or significance.26

3. Porteus maze test. Motor and graphic planning was
assessed using the Porteus maze test. Graphomotricity
helps children achieve the basic movements that are a
part of letter writing. This test evaluates graphomo-
tricity by asking the child to follow labyrinths of
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increasing difficulty with a pen. Children with various
types of brain dysfunction have been found to spend
more time completing mazes than did control groups
matched for age.27

4. Oriented signs test. Visual discrimination and visuos-
patial memory were assessed with another test from
Borel-Maisonny, called the oriented signs test. A series
of horizontal lines and curves are given to the child,
and then written reproduction is asked.28

5. Auditory memory test of Rey. The extent of immediate,
mid-, and long-term memory was assessed with Rey's
auditory memory test,23-25 which consists of 4 lists of
15 words each. The examiner reads a list of words to
the subject, 5 times in a row. The child is asked to
repeat back to the examiner all the words he can
remember after each reading. The different lists have
the same value and can test the subject several times
without the influence of memorization. The number of
words remembered at the first, third, and fifth tests
evaluates the child for auditory memory in relation to
the normal ranges for children of the same age.

6. Piaget-Head tests. Right versus left awareness (on the
child himself, on others, on the relative position of an
object in front of the child, on imitation, on verbal
order, and on a graphic model) was assessed with the
right-left battery of Piaget-Head.29-31

7. Rhythm reproduction test of Stamback. Auditory
perception, discrimination, and temporal orientation
were assessed with Stamback's rhythm reproduction
test.32 Short and long rhythmical sounds are made with
a pen by tapping on a table behind a screen. The child
is asked to copy these rhythms. Developmental delay
syndrome students, in contrast to normal readers, have
inordinate difficulty reproducing simple motor
rhythms by finger tapping. They also have similar
difficulty reproducing the appropriate speech rhythm
of linguistically neutral nonsense syllables (assessed in
the Borel-Maisonny test described above). These
difficulties are exaggerated when participants have to
synchronize their performance to an external pacing
(the examiner's tapping rhythms behind the screen),
and this is assessed with Stamback's test.

8. Facial motricity test of Stamback. An assessment of
fine motor coordination of the facial muscles was made
with the facial motricity test of Kwint-Stamback.33

This test evaluates the function of the muscles that help
produce sounds and words.
Interventions and Outcomes
In this case, series a group of consistent physical findings

were diagnosed using AK chiropractic methods that will be
briefly described.

Motor dysfunction and muscle inhibition on manual
muscle testing (MMT) were present in every child examined.
The rationale for the MMT of each child was to determine (1)
where muscular dysfunction/inhibition was present, (2)
whether the corrective manipulative effort was effective,
and (3) whether the correction was maintained on subsequent
visits. Applied kinesiology chiropractic technique evaluates
muscle function using the MMT.37-44

In addition to MMT findings, other indications of
imbalance or disorganization of the muscles were evaluated.
Postural problems stemming from muscular imbalance
involving the arms, torso, pelvis, legs, feet, and eyes
(especially during movement) were evaluated.45-49

Therapeutic measures were chosen according to each
child's observed responses to specifically delivered sensory
challenges. The MMT response to the AK diagnostic
methods of “challenge” and “therapy localization” is
dependent upon multiple factors unique to each individual
child and is not expected to be consistent across multiple
patients.37 Because AK diagnosis and treatment may consist
of elements from different treatment modalities and are
directed toward individual responses, there was a significant
variation in the manipulative treatment received by each of
the children in this study.

The AK examination techniques of “challenge” and
“therapy localization” were used in all cases for the
diagnosis of the joint, soft tissue, or other structure
producing the aberrant muscular function. The vertebral
challenge and therapy localization methods are diagnostic
methods used in AK for determining what structure or
structures are producing muscle inhibition. Challenge is a
diagnostic procedure unique to AK that is theorized to
determine the body's ability to cope with external stimuli,
which can be physical, chemical, or mental.39,40 After an
external stimulus is applied, muscle-testing procedures are
done to determine a change in the muscle strength as a
result of the stimulus.

Therapy localization is another AK procedure that
consists of placing the patient's hand over areas of
suspected involvement and observing for a change in the
MMT.39,40 This method is hypothesized to assist the doctor
in finding areas that are involved with the muscle
dysfunction found on MMT. It is theorized that stimulating
the skin and the cutaneomotor reflexes can produce changes
in muscle function.50-56

The objective of the therapy given to every child in this
report was to increase muscle strength in the inhibited
muscles found with the MMT. The manipulative treatment
given in this case series aimed at achieving this improved
motor response.

At posttreatment, in general, parents reported that their
children's ability to concentrate, maintain their focus and
attention, and control their impulsivity improved that they
seemed more mature and better adapted to their environ-
mental stressors. Each of the primary complaints identified
by the parents/guardians in the initial questionnaire was
resolved (Table 1).



Table 1. Comorbidities for 157 children with DDS compiled from diaries completed by the parents and children

Birth process Normal Caesarean Forceps Premature Induced
63% (n = 99) 22% (n = 36) 5% (n = 8) 4% (n = 6) 5% (n = 8)

Pregnancy Normal Difficulties
85% (n = 133) 15% (n = 24)

Handedness Right handed Left handed Ambidextrous
84% (n = 132) 10% (n = 16) 6% (n = 9)

Behavioral troubles
Hyperactivity, nervousness, impatience, clumsiness,
difficulties in relationship with others

83% (n = 130)

Cognitive troubles
Memorization and/or concentration difficulties 68% (n = 107)

Psychoaffective overlay
Anxiety, depression, suicidal, attempted suicide, phobias 64% (n = 100)

Linguistic troubles
Expression and/or comprehension difficulties 53% (n = 83)

Sleeping problems
Falls asleep abnormally, nightmares, wakes up
frequently at night, sleepwalking

46% (n = 72)

Thumb or other finger sucking 45% (n = 71)

Phonological troubles
Inversion of letters, words, or numbers 43% (n = 68)

Allergies
Food intolerance, skin conditions, hay fever,
eczema, asthma

31% (n = 49)

Enuresis, loss of bowel control 11% (n = 17)
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From the diaries and the initial health questionnaire,
Table 1 was compiled. Table 2 presents the changes in the
psychometric test outcomes that occurred in the 157 children
after AK treatment (6-13 years old, 86 boys/71 girls).

In Table 3, 9 of the 20 psychometric tests used in this
study also have results expressed in percentiles.57,58

Percentiles represent a cumulated percentage of children in
the norm of each age group who have superior, identical, or
inferior results to the tested child.

In Table 3, the complex figure of Rey memory richness
and Rey copy richness tests were improved for 82% and 74%
of the children, respectively, suggesting that visual memory,
spatial orientation, and organization for copying a complex
geometric figure were improved by chiropractic manipula-
tive therapy (CMT). In addition, 82% of the children passed
to a superior percentile in the Borel-Maisonny Logatomes
test, another indication that auditory-verbal perception and
memory were improved by CMT. Three other tests for the
memory of sensory stimuli (long-term, midterm, and
immediate auditory memory tests) were also improved for
73%, 55%, and 43% of the children.
One of the tasks that parents and teachers are most
concerned about in children with DDS is their reading
comprehension. Reading comprehension is thought to rely
heavily on working memory.59,60 Marked retardation in
these tests is often found in children with dyspraxia, learning
disabilities, dyslexia, and ADHD because these tasks
significantly depend upon the processing of sensory
information. Psychometric testing of the children's working
memory also showed significant improvements after CMT.

Directed attention tests have been widely used with
learning-disabled children and have shown lateralized
performance differences between these children and control
children.61 In Table 2, visual discrimination such as the
oriented sign test and the Piaget-Head tests evaluated this
capacity in the children of this study and showed improve-
ments of 27.92%, 17.20%, 16.04%, 9.50%, and 9.16%,
respectively after treatment. Piaget29 argued that to perceive
an object is to imagine the actions its use would involve.
Piaget notes that between 2 and 7 years old, mental images
remain strictly dependent on movements and preserve a
motor component.



Table 2. Mean percentage changes in psychometric test scores before and after chiropractic treatment

Tests Significance of test

Percentage improvement averages
for 157 children (lowest and
highest improvement percentages
for 157 children in parentheses)

Memory richness: complex figure of Rey a Visual memory a +33.20 (0-100) a

Long-term auditory memory: 15-word memory test of Rey a Memory load a +29.61 (0-100) a

Oriented signs Visual discrimination and memory +27.92 (0-100)

Logatomes: Borel-Maisonny test a Auditory perception a +23.14 (0-60) a

Rey copy richness: complex figure of Rey a Spatial orientation and organization a +22.25 (0-95) a

Logatomes, reading: Borel-Maisonny test Reading words without particular significance +17.58 (0-50)

Piaget-Head test: on a horizontal plane Right-left knowledge on image +17.20 (0-75)

Logatomes spelling: Borel-Maisonny Writing words without particular significance +16.6 (0-55)

Piaget-Head test: on body Mirror image right-left knowledge +16.04 (3-75)

Facial motricity test of Stamback Control of facial muscles +14.9 (0-43)

Midterm auditory memory: 15-word memory test of Rey a Memory capacity a +14.14 (0-87) a

Rey copy type: complex figure of Rey test a Visual perception a +13.00 (−12 to 100) a

Rey memory type: complex figure of Rey test a Ability to memorize (copy) a +11.32 (0-100) a

Rhythms: rhythmic reproduction test of Stamback Auditory discrimination and temporal orientation +10.36 (−4 to 48)

Labyrinths, quantitative: Porteus maze test Social adaptation IQ +10.08 (6-51)

Piaget-Head test: on self Right/left knowledge on self +9.5 (0-70)

Immediate memory: 15-word memory test of Rey a Immediate recall capacity a +9.24 (0-88) a

Labyrinths, qualitative: Porteus maze test Grapho-motricity and emotional aspect +9.21 (−10 to 74)

Piaget-Head test: on verbal order Right-left knowledge on verbal order +9.16 (3-75)

Rey copy time: complex figure of Rey test a Necessary time for copy a +6.6 (−13 to 90) a

a Test scores calculated from percentile changes.59,60
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Results for tasks where sensory information required
translation into motor activity were improved, as well as tests
of the organization and thememory of complex sensory stimuli.

The period from the beginning of treatment until the
second posttreatment psychometric testing ranged from 5
days to 18 months and from 2 chiropractic treatments to 50.
The time intervals for evaluation posttreatment varied
because varying amounts of treatment were needed for
the individual children in the study between initial
examination and the successful resolution of each child's
DDS symptomatology. These varying time intervals for
evaluation posttreatment is consistent with the obligation of
health care providers to bring patients to maximum medical
improvement, in this case, the resolution of the individual
child's DDS.
Posttreatment, the MMT examination found improve-
ments in muscular strength, coordination, flexibility, and
timing, with pronounced improvement in gross and fine
motor function. This MMT finding correlates with the
sensory-motor improvements seen in a number of the
psychometric tests as well: the graphesthesia imitation test
of Borel-Maisonny, Rey copy richness test, Porteus maze
test, and facial motricity tests.

Upper cervical and cranial dysfunctions were the most
common physical findings in this group of patients, and after
correction of these dysfunctions, the quickest recoveries from
the sensory-motor integration difficulties were obtained.

In children with either reading dysfunction and/or
learning disabilities, the AK ocular lock test was positive.
This test has been described in the literature and indicates



Table 3. Percentages and numbers of children who experienced improvements, no changes, or passage to lower psychometric test score
before and after chiropractic treatment

Tests Significance of test
Passage to a
superior P

Remain at the
same P

Passage to a
lower P

Memory richness: complex figure of Rey Visual memory 82% (n = 129) 10% (n = 16) 8% (n = 12)

Logatomes: Borel-Maisonny test Auditory perception 82% (n = 129) 16% (n = 25) 2% (n = 3)

Rey copy richness: complex figure of Rey Spatial orientation and organization 74% (n = 116) 16% (n = 25) 10% (n = 16)

Long-term auditory memory: 15-word memory test of Rey Memory load 73% (n = 115) 20% (n = 31) 7% (n = 11)

Midterm auditory memory: 15-word memory test of Rey Memory capacity 55% (n = 86) 31% (n = 49) 14% (n = 22)

Rey copy type: complex figure of Rey test Visual perception 48 % (n = 75) 41% (n = 64) 11% (n = 18)

Immediate memory: 15-word memory test of Rey Immediate recall capacity 43% (n = 68) 34% (n = 53) 23% (n = 36)

Rey memory type: complex figure of Rey test Ability to memorize (copy) 42% (n = 66) 49% (n = 77) 9% (n = 15)

Rey copy time: complex figure of Rey test Necessary time for copy 39% (n = 61) 39% (n = 61) 21% (n = 35)

P, percentile.
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that the eyes do not work together efficiently, and that when
the eyes are used in binocular vision, they create weaknesses
in postural muscles.62 Cranial manipulation was given as
indicated to correct this problem, and it correlated with
improvements in each child's reading ability as well as
psychometric tests involving the use of the eyes. Other
cranial dysfunctions were found in these children also, and
treatment to the cranium, in these cases, restored normal
tracking movement for the eyes and strengthened the
inhibited sternocleidomastoid and upper trapezius muscles
found with MMT, among others.
DISCUSSION

The complexity of the findings in these cases confirms the
findings of other researchers who have suggested that DDS
is complex and multifactorial, and this is one of the reasons
why many aspects of diagnosis and treatment must be highly
individualized if they are to be successful.63

The natural history of DDS shows that this condition
often persists into adulthood.17-19 Children with language,
reading, coordination, and behavioral disorders show that
without treatment, these problems persist into adulthood.64

There is a prevalence of 4% among adults in the United
States, and this condition was found to preexist during the
childhood of those surveyed.65
Developmental Delay Syndrome Linked to Motor Impairments
A new school of thought in the treatment of these children

suggests that there may be a common factor between these
various kinds of DDS. Lesser known than learning disability,
ADHD and dyslexia, dyspraxia (also known as develop-
mental coordination disorder) affects as many as 5 to 10% of
children between the ages of 5 and 11 years, with 2% of
children affected severely.22 Epidemiologically, the statisti-
cal equivalence between DDS and dyspraxia, and its
comorbidity with DDS, is noteworthy.5-7,10-12,22

Dyspraxia is a disorder of praxis, the Greek word
meaning doing, acting, and practice. Praxis includes both
knowing what to do and how to do it—doing something with
ease and without effort. A child's development is generally
inferred from his motor actions or praxis, for that is the
dimension most easily available for observation and testing.

An important article by Piek and Dyck3 relevant to the
findings in this report shows that children who have been
diagnosed with any one developmental disorder are very
likely to meet diagnostic criteria for some other develop-
mental disorder. Based on a critical examination of relevant
literature and their own research findings, Piek and Dyck
found that the importance of poor motor functioning in
discriminating children with different developmental dis-
orders has been underestimated.3 Piek and Dyck found that
dyspraxia, or poor sensory-motor coordination, is very
frequently the common denominator linking dyslexia,
learning disabilities, and ADHD. The most common
symptoms seen in these children involve the muscles—low
muscle strength, lack of coordination, clumsiness, bad
posture, and an awkward gait. If these conditions are so
frequently present together in one child, perhaps they are
really all the same condition.5,9,22,66

Yan et al67 also conducted a meta-analysis suggesting that
both from a theoretical and a practical viewpoint, under-
standing the influence of motor function on child develop-
ment is crucial for parents, educators, and researchers.

Because motor dysfunction, and specifically muscular
inhibition, has been found as a very common comorbidity
associated with DDS, a reliable clinical tool for the diagnosis
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of this muscular inhibition is desirable. The best tests for
children are those that are safe, reliable, and valid. Poor
motor performance is most practically assessed in the clinic
using the MMT.38-43

In addition, the ability to differentiate between the
muscular, mechanoreceptor, vestibular, or visual contribu-
tions to postural control and motor performance may have
been critical to the successes achieved in this series of
cases.40 This kind of evaluation may help in determining
the precise source of the problem inhibiting sensory-
motor integration.

A growing number of studies have also shown that there
is an immediate effect upon the motor system after
CMT,68-72 and the use of CMT for the correction of motor
deficits found in children with DDS was the rationale for the
present study.

Although pharmacologic agents have proven effective in
improving some of the symptoms of DDS, there are
justifiable concerns about the long-term use of stimulant
and antidepressant medications in children with these
disorders. Medications such as methylphenidate are a class
II controlled substance, and several prominent researchers
have, over recent years, raised concerns that it might be a
classic “gateway” drug, opening the door to abuse of other
substances. (Methylphenidate trading is rampant at select
high schools.73)

The clinical and psychometric testing outcomes reported
here after CMT must now be compared with the clinical
outcomes reported in the literature after treatments by
stimulant medications.16-19
Developmental Delay Syndrome and Psychometric Testing in the
Chiropractic Literature

Previous attempts to evaluate manual and manipulative
treatment for children with dyspraxia, learning disability,
ADHD, and dyslexia with psychometric testing methods
have been reported.

In 1999, Mathews et al74 conducted a controlled clinical
trial on the AK treatment of 10 children with learning
disabilities and 10 untreated children with learning dis-
abilities. An educational psychologist matched the control
group to the treatment group for age, IQ, and social
background. Examination involved AK MMT techniques
with the educational psychologist using the Wechsler
Intelligence Scale for Children, a standardized test of
intelligence to monitor changes in their learning skills before
and after treatment. The psychologist's assessment showed
that the children treated with AK chiropractic methods
experienced significant improvements in their learning
abilities during the course of 9 to 12 treatment sessions for
a 6- to 12-month period.

A recent narrative literature review by Pauli75 regarding
the AK concepts and the clinical research articles regarding
DDS were published. Ferrari and Wainwright76 are 2
clinicians whose work comes from AK who have written a
book, which includes numerous case reports on the
chiropractic treatment of dyslexia and learning disabilities
using AK methods.

Brzozowske and Walton77,78 also used psychometric
testing pre- and posttreatment to monitor the effect
of chiropractic care of children with DDS, showing
positive outcomes.
Limitations
Limitations to this study are the heterogeneity of the

sample and that there was no blinding of the treating doctor
or the logopedist. Furthermore, no control group or
randomization of testing or treatment sequence was used.
As a case series, the external applicability of the findings
from this report must be viewed with caution.

The differing length of treatment for these children also
adds to the difficulty of interpretation of the results reported.
However, the natural history of DDS does not suggest that
within 5 days and up to 18 months without treatment,
significant changes such as those reported here occur for
these children. The use of a consecutive sample was
appropriate because it evaluated whether CMT would be
effective for the types of children with DDS who are brought
to a chiropractor for care. The use of a consecutive sample
also reduced bias in the selection of patients because all
patients who came for care were admitted if they met the
inclusion criteria.
CONCLUSION

Developmental delay syndrome is an increasingly
common neurologic and behavioral condition that has a
detrimental impact on the children affected and their
families. Because the etiology is still uncertain, research
continues to identify factors that play roles in this condition.

The relationship between improvements in standardized
psychometric test scores (tests that were given immediately
pre- and posttreatment), the improvements in this cohorts'
cognitive and social behavior with their family and at
school, and the improvement in MMT findings on AK
examination suggests there may be a relationship between
the chiropractic intervention provided and the improved
status in these children. Because there was no control group
for this in-office clinical trial, we must be cautious,
however, about casually extending these results outside
this treatment setting.

Every patient with DDS in this report showed dysfunction
of their motor system (determined by the MMT), a finding in
agreement with the previous literature cited showing muscle
weakness and coordination impairments to be the most
common factor in these children. The establishment of a
chiropractic literature base for the effect of chiropractic
treatment on children with DDS using psychometric testing
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has commenced with case studies, progressed to larger case
series reports such as this one, and ultimately must progress
to randomized controlled trials.

Even though the responsible doctor of chiropractic would
not claim that chiropractic care is the only health care that
children with DDS may require, the available research
literature as well as this case series report does suggest a
possible role for chiropractic care for this population.
FUNDING SOURCES AND POTENTIAL CONFLICTS OF INTEREST

No funding sources or conflicts of interest were reported
for this study.
Practical Applications
• Developmental delay syndromes (DDS) encompass
the conditions known as dyspraxia, dyslexia,
learning disabilities, and attention-deficit hyperac-
tivity disorder.

• The most common feature in DDS is motor
impairments.

• Psychometric testing evaluating cognitive function
showed good improvements after chiropractic
manipulative treatment in children with DDS.

• The suggested link between motor impairments and
DDS described in the literature and the muscle
inhibitions found with manual muscle testing in this
group of children was confirmed.
REFERENCES

1. Rosner AL. Infant and child care: an assessment of research.
Norwalk, IA: Foundation for Chiropractic Education and
Research; 2003.

2. Gotlib A, Rupert R. Chiropractic manipulation in pediatric
health conditions—an updated systematic review. Chiropr
Osteopath 2008;16:11.

3. Piek JP, Dyck MJ. Sensory-motor deficits in children with
developmental coordination disorder, attention deficit hyper-
activity disorder and autistic disorder. Hum Mov Sci 2004;23:
475-88.

4. Pauc R. Comorbidity of dyslexia, dyspraxia, attention deficit
disorder (ADD), attention deficit hyperactive disorder
(ADHD), obsessive compulsive disorder (OCD) and Tourette's
syndrome in children: a prospective epidemiological study.
Clin Chiropr 2005:189-98.

5. Kadesjö B, Gillberg C. Attention deficits and clumsiness in
Swedish 7-year-old children. Dev Med Child Neurol 1998;40:
796-804.

6. Hulme C, Biggerstaff A, Moran G, McKinlay I. Visual,
kinaesthetic and cross-modal judgements of length by normal
and clumsy children. Dev Med Child Neurol 1982;24:461-71.

7. Morrison DC, Hinshaw SP, Carte ET. Signs of neurobehavioral
dysfunction in a sample of learning disabled children: stability
and concurrent validity. Percept Mot Skills 1985;61(3 Pt 1):
863-72.

8. Habib M. The neurological basis of developmental dyslexia: an
overview and working hypothesis. Brain 2000;12:2373-99.

9. Shaywitz SE, Escobar MD, Shaywitz BA, Fletcher JM,
Makuch R. Evidence that dyslexia may represent the lower
tail of a normal distribution of reading ability. N Engl J Med
1992;326:145-50.

10. Boyle CA, Decoufle P, Yeargin-Allsoop M. Prevalence and
health impact of developmental disabilities in US children.
Pediatrics 1994;93:399-403.

11. Altarac M, Saroha E. Lifetime prevalence of learning disability
among US children. Pediatrics 2007;119(Suppl 1):S77-S83.

12. U.S. Department of Health and Human Service, Administration
for Children and Families. The first progress report on head
start program performance measures. (Accessed March 6,
2008). Available from: http://www.acf.hhs.gov/programs/core/
ongoing_research/faces/faces_pubs_reports.html.

13. U.S. Department of Education. Raising achievement: alternate
assessments for students with disabilities. Available from:
http://www.ed.gov/policy/elsec/guid/raising/alt-assess-long.
html (Accessed March 6, 2008).

14. Connor DF. Preschool attention deficit hyperactivity disorder: a
review of prevalence, diagnosis, neurobiology, and stimulant
treatment. J Dev Behav Pediatr 2002;23(1 Suppl):S1-S9.

15. Sinha D, Efron D. Complementary and alternative medicine
use in children with attention deficit hyperactivity disorder.
J Paediatr Child Health 2005;41:23-6.

16. Gualtieri CT, Johnson LG. Medications do not necessarily
normalize cognition in ADHD patients. J Atten Disord 2008;
11:459-69 Epub 2007 Oct 12.

17. McIntyre RS, Fallu A, Konarski JZ. Measurable outcomes in
psychiatric disorders: remission as a marker of wellness. Clin
Ther 2006;28:1882-91.

18. Steele M, Jensen PS, Quinn DM. Remission versus response as
the goal of therapy in ADHD: a new standard for the field? Clin
Ther 2006;28:1892-908.

19. Bernfort L, Nordfeldt S, Persson J. ADHD from a socio-
economic perspective. Acta Paediatr 2008;97:239-45.

20. Cammisa KM. Educational kinesiology with learning disabled
children: an efficacy study. Percept Mot Skills 1994;78:105-6.

21. Teitelbaum P, Teitelbaum O, Nye J, Fryman J, Maurer RG.
Movement analysis in infancy may be useful for early diagnosis
of autism. Proc Natl Acad Sci USA 1998;95:13982-97.

22. Dyspraxia Foundation [homepage on the internet]. Available
from: http://www.dyspraxiafoundation.org.uk. Accessed
March 6, 2008.

23. Van der Elst W, van Boxtel MP, van Breukelen GJ, Jolles J.
Rey's verbal learning test: normative data for 1855 healthy
participants aged 24-81 years and the influence of age, sex,
education, and mode of presentation. J Int Neuropsychol Soc
2005;11:290-302.

24. Schoenberg MR, Dawson KA, Duff K, Patton D, Scott JG,
Adams RL. Test performance and classification statistics for
the Rey Auditory Verbal Learning Test in selected clinical
samples. Arch Clin Neuropsychol 2006;21:693-703.

25. Schmidt M. Rey auditory and verbal learning test: a handbook.
Western Psychological Services: Los Angeles; 1996.

26. Borel-Maisonny S. Gesture and language. Perceptional training
mimicking sounds, drawings and symbolic expression. Rev
Laryngol Otol Rhinol (Bord) 1975;96:221-32.

27. Spitz HH, DeRisi DT. Porteus Maze Test performance of
retarded young adults and nonretarded children. Am J Ment
Defic 1978 Jul;83(1):40-3.

28. Borel-Maisonny S. Spelling mistakes and dysorthography. Rev
Laryngol Otol Rhinol (Bord) 1966;87:704-23.

http://www.acf.hhs.gov/programs/core/ongoing_research/faces/faces_pubs_reports.html
http://www.acf.hhs.gov/programs/core/ongoing_research/faces/faces_pubs_reports.html
http://www.ed.gov/policy/elsec/guid/raising/alt-assess-long.html
http://www.ed.gov/policy/elsec/guid/raising/alt-assess-long.html
http://www.dyspraxiafoundation.org.uk


668 Journal of Manipulative and Physiological TherapeuticsCuthbert and Barras
October 2009Developmental Delay Syndromes
29. Piaget J. The origin of intelligence in the child. London:
Routledge and Kegan Paul; 1953.

30. Lanzi G. Contribution to the study of the psychomotor
development of children from 5 to 7 years of age by use of
the Piaget-Head test. Rass Neuropsichiatr 1965;19:825-42.

31. Merini A, Loperfido E, Parmeggiani A. The organization of
space in mentally defective children and its relation to the
intellectual level (research using the Piaget-Head and Bender
tests. Riv Sper Freniatr Med Leg Alien Ment 1967;91:1500-8.

32. Gollnitz G. The active mimic psychomotoric of Kwint
according to the age; a critical investigation of normal children
and of children with brain damage. Psychiatr Neurol Med
Psychol (Leipz) 1952;4:181-6.

33. Göllnitz G. Development of motoricity as functional-neuro-
logic diagnosis. Psychiatr Neurol Med Psychol Beih 1970;13-
14:49-61.

34. Fennel EB. The role of neuropsychological assessments in
learning disabilities. J Child Neurol 1995(Suppl 1):S36-S41.

35. Biddle AK, Watson LR, Hooper CR, Lohr KN, Sutton SF.
Criteria for determining disability in speech-language dis-
orders. Evid Rep Technol Assess (Summ) 2002;52:1-4.

36. Miniscalco C, Hagberg B, Kadesjö B, Westerlund M, Gillberg
C. Narrative skills, cognitive profiles and neuropsychiatric
disorders in 7-8-year-old children with late developing
language. Int J Lang Commun Disord 2007;11:1-17.

37. Motyka TM, Yanuck SF. Expanding the neurological exam-
ination using functional neurologic assessment, Part 1:
Methodological considerations. Int J Neurosci 1999;97:61-76.

38. Cuthbert SC, Goodheart GJ. On the reliability and validity of
manual muscle testing: a literature review. Chiropr Osteopat
2007;15:4.

39. Goodheart GJ. Applied kinesiology research manuals. Detroit,
MI: Privately published; 1964-1998.

40. Walther DS. Applied kinesiology, synopsis. 2nd ed. Systems
DC: Pueblo, CO; 2000.

41. Kendall FP, McCreary EK, Provance PG. Muscles: testing and
function. Baltimore, MD: Williams & Wilkins; 1993.

42. Daniels L, Worthingham K. Muscle testing—techniques of
manual examination. 7th ed. Philadelphia, PA: W.B. Saunders
Co.; 2002.

43. Janda V. Muscle function testing. London: Butterworths; 1983.
44. Lewit K. Manipulative therapy in rehabilitation of the

locomotor system, 2nd ed.Oxford: Butterworth-Heinemann;
1991. p. 142-3.

45. Doman G. What to do about your brain-injured child. Towson,
MD: The Gentle Revolution Press; 2003.

46. Fiorentino MR. Reflex testing methods for evaluating C.N.S.
development. 2nd ed. Charles C. Thomas: Springfield, IL;
1981.

47. Goddard SA. Teacher's window into the child's mind. Eugene,
OR: Fern Ridge Press; 1995.

48. Morris GS, Sifft JM, Khalsa GK. Effect of educational
kinesiology on static balance of learning disabled students.
Percept Mot Skills 1988;67:51-4.

49. Ayres AJ. Sensory integration and learning disorders. Western
Psychological Services: Los Angeles; 1973. p. 109.

50. Pollard HP, Bablis P, Bonello R. The ileocecal valve point and
muscle testing: a possible mechanism of action. Chiropr J Aust
2006;36:122-6.

51. Nicholas JA, Melvin M, Saraniti AJ. Neurophysiologic
inhibition of strength following tactile stimulation of the skin.
Am J Sports Med 1980;8:181-6.

52. Ridding MC, Pearce SL, Flavel SC. Modulation of intracortical
excitability in human hand motor areas. The effect of cutaneous
stimulation and its topographical arrangement. Exp Brain Res
2005;163:335-43.
53. Fallon JB Bent LR, McNulty PA, Macefield VG. Evidence for
strong synaptic coupling between single tactile afferents from
the sole of the foot and motoneurons supplying leg muscles.
J Neurophysiol 2005;94:3795-804.

54. Zimlichman E, Lahad A, Aron-Maor A, Kanevsky A, Shoe-
nfeld Y. Measurement of electrical skin impedance of dermal-
visceral zones as a diagnostic tool for inner organ pathologies: a
blinded preliminary evaluation of a new technique. Isr Med
Assoc J 2005;7:631-4.

55. Morrison JF, Sato A, Sato Y, Yamanishi T. The influence of
afferent inputs from skin and viscera on the activity of the
bladder and the skeletal muscle surrounding the urethra in the
rat. Neurosci Res 1995;23:195-205.

56. Hagbarth KE. Excitatory and inhibitory skin areas for flexor
and extensor motoneurons. Acta Physiol Scand Suppl 1952;26:
1-58.

57. Crocker L, Algina J. Introduction to classical and modern test
theory. New York: Harcourt Brace Jovanovich College
Publishers; 1986.

58. Bruning JL, Kintz BL. Computational handbook of statistics.
3rd ed. Scott, Foresman & Company: Glenview, IL; 1987.

59. Leisman G, Koch P. Continuum model of mnemonic and
amnesic phenomena. J Int Neuropsychol Soc 2000;6:593-607.

60. Jeffries S, Everatt J. Working memory: its role in dyslexia and
other specific learning difficulties. Dyslexia 2004;10:196-214.

61. Obrzut JE, Hynd GW, Obrzut A. Neuropsychological assess-
ment of learning disabilities: a discriminant analysis. J Exp
Child Psychol 1983;35:46-55.

62. Cuthbert S, Blum C. Symptomatic Arnold-Chiari malformation
and cranial nerve dysfunction: a case study of applied
kinesiology cranial evaluation and treatment. J Manipulative
Physiol Ther 2005;28:e1-e6.

63. Silver B. Controversial approaches to treating learning
disabilities and attention deficit disorder. Am J Dis Child
1986;140:1045-52.

64. Bashir AS, Scavuzzo A. Children with language disorders:
natural history and academic success. J Learn Disabil 1992;25:
53-65 [discussion 66-70].

65. Kessler RC, Adler L, Barkley R, et al. The prevalence and
correlates of adult ADHD in the United States: results from the
National Comorbidity Survey Replication. Am J Psychiatry
2006;163:716-23.

66. Melillo R, Leisman G. Neurobehavioral disorders of childhood:
an evolutionary perspective. New York: Kluwer Academic;
2004. p. 332-9.

67. Yan JH, Thomas JR, Downing JH. Locomotion improves
children's spatial search: a meta-analytic review. Percept Mot
Skills 1998;87:67-82.

68. Shambaugh P. Changes in electrical activity in muscles
resulting from chiropractic adjustment: a pilot study.
J Manipulative Physiol Ther 1987;10:300-4.

69. Dishman JD, Bulbulian R. Spinal reflex attenuation associated
with spinal manipulation. Spine 2000;25:2519-24 [discussion
2525].

70. Suter E, McMorland G. Decrease in elbow flexor inhibition
after cervical spine manipulation in patients with chronic neck
pain. Clin Biomech (Bristol, Avon) 2002;17:541-4.

71. Floman Y, Liram N, Gilai AN. Spinal manipulation results in
immediate H-reflex changes in patients with unilateral disc
herniations. Eur Spine J 1997;6:398-401.

72. Murphy BA, Dawson NJ, Slack JR. Sacroiliac joint manipula-
tion decreases the H-reflex. Electromyogr Clin Neurophysiol
1995;35:87-94.

73. Carter G, Winseman J. The illusion of certainty: do advances in
psychopharmacology suggest that students' inner lives are
irrelevant? Chron High Educ 2001:B2.



669Cuthbert and BarrasJournal of Manipulative and Physiological Therapeutics
Developmental Delay SyndromesVolume 32, Number 8
74. Mathews MO, Thomas E, Court L. Applied kinesiology
helping children with learning disabilities. Int J AK Kinesio
Med 1999:4.

75. Pauli Y. The effects of chiropractic care on individuals
suffering from learning disabilities and dyslexia: a review of
the literature. J Vertebral Subluxation Res 2007;15:1-12.

76. Ferrari CA, Wainwright RB. Breakthrough for dyslexia and
learning disabilities. Florida: Exposition Press; 1984.
77. Brzozowske WT, Walton EV. The effect of chiropractic
treatment on students with learning and behavioural impair-
ments resulting from neurological dysfunction (part 1). J Aust
Chiro Assoc 1980;11:13-8.

78. Brzozowske WT, Walton EV. The effect of chiropractic
treatment on students with learning and behavioral impairments
resulting from neurological dysfunction (part 2). J Aust Chiro
Assoc 1980;11:11-7.


	Developmental Delay Syndromes: Psychometric Testing Before and After Chiropractic �Treatment of.....
	Clinical Features
	Patients
	Psychometric Tests
	Interventions and Outcomes

	Discussion
	Developmental Delay Syndrome Linked to Motor Impairments
	Developmental Delay Syndrome and Psychometric Testing in the �Chiropractic Literature
	Limitations

	Conclusion
	Funding Sources and Potential Conflicts of Interest
	References




