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Background: Craniosacral therapy is used fo treat conditions ranging from headache pain to
developmental disahililies. However, the biological premise for this technique has been theorized
but not substantizted in the Hrerature,

Methods: Thirteen adult New Zealand white rabbits {oryclolagus curiculus) were anesthelized
and microplates were attached on either side of the cosonal suture. Epidural ICP measurements
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and distraction radiographs and ICP were obtained. One animal underwent additional distractive
foads between 100 and 10000 g. Plate separation was measured using 2 digital caliper from the
radiographs, Two-way analysis of variance was used to assess significant differences in ICP and
suture movement.

Results: No significant differences were noted between baseline and distraction suture separition
(F = 0.045; #>.05) and between baseline and distraction ICP (F = 0.279; P>.05} at any load. In
the single animal that underwent additional distractive forces, movement across the coronal suture
was not seen until the 500-g force, which produced 0.30 mm of separation but no corresponding
ICP changes.

Conclusion: Low loads of force, similar to these used clinically when performing a oaniosacral
frontal ift technique, resulted in no significant changes in coronal suture movement or ICP in
rabbits. These results suggest that a different biological basis for craniosacral therapy should be
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raniosacral therapy
(C8T) is an alterna-
tive, complementary
therapy that dates
meas® t hack  to  the early
1900s. C8T is praciiced through-
out the United States and around
the world by osteopathic and
chiropractic physicians, physical,
occupational and massage thera-
pists, and dentists,'21##44 08T i
used in the (reatment of a variety
of diseases and forms of dysfunc-
tion, including, but not limited to,
headache,®® carpal wnnel syn-
drome,*® developmental disabili-
ties,® temporomandibular dysfanc-
tion,***  chronic back pain,?®
whiplash injury,” and planar
fasciitis.) The effectiveness of CST
in treating these farranging condi-
tions has yer to be established.
CST, or cranial osteopathy, was
first described by William G,
Sutherland, DO, as counsisting of
cranial bone movement occurring
through a ‘respiratory mecha-
nism.”# In this view, the pri-
mary respiratory mechanism s
comprised of the brain, cerebro-
spinal fluid, intracranial and
intraspinal membranes, cranial
bones, spinal cord, and sacrum.
The brain is said wo produce invol-

845




untary, rhythmic movements within the skull. This
movement involves dilation and contraction of the
veniricles of rhe brain, which circulate cerebral spinal
fluid. This circalatory activity is stated o cause
reciprocal tension within the membranes, thus trans-
mitting motion to both the cranial bones and the
sacrum. ™!

Palpation of the cranjum theoretically allows the
examiner to perceive the rhythmic impulse resujting
from the widening and narrowing of the skull at rates
described variously as 10 to 14 cycles per minute,'® &
w 12 cycles per minate,”™ or 8 o 12 cycles per
minnte,” Multiple attempts have been made to dem-
onstrate interraier reliability of this craniosacral
rhythm. Intraclass correlation coefficients range from
~0.09 to 0.59, with the majority of studies reporting a
nonsignificant  (F>.058) correladon of less than
(.92 BITHANISL pceording to Green et al'® the
reliability studies that were published after the initial
Upledger study®® in 1997 (IGC = .59) had better
methodological designs and consistently found assess-
ment of the craniosacral rhythm to be unreliable.
Hartman and Norton® similarly state that the data
collected to date demonstrate that the cranial rhythm
is not a “reliably palpable biological phenomenon”
and that this invalidates the key tenet of the primary
respiratory mechanism as described by Sutherland®?
and endorsed by advocates of CST today.

A second basic tenet of CST, which is also contro-
versial, is the existence of articular mobility at the
cranial bones. At one extreme of this debate are
practitiovers who claim that movement at the cranial
sutures  gccurs  throughout an  individual's
tife, !B Upledger®” for example specifically
stated, “Our research ... did indeed prove heyond a
doubt that skull bones continue to move throughout
normal life”; and Greenman'® avowed that “sueural
obliteration does not appear o oceur narmally dur
ing the aging process.” Others!® asert that move
ment of the cranial bones associated with the anterior
and middie cranial fossae is impossible beyond age 8.
According to this view, any functional movement
between cranial bones is “highly unlikely and
nonphysiological.”

One of the studies frequently cited in support of
CST in general and cranial bone metion in parteus-
lar, 000 s g 1956 article by Pritchard et al® on
the structure and development of sutures. One of he
conclusions from this study is that sumres form a
unien between adjacent cranial bones, while nonethe-
less allowing for slight movement. The subjects in this
study included humans as well as 5 other types of
mammals, Of the specimens evaluated, all but 1 was
less than 1 year old, therefore limiting the conclu-
sions that could be drawn frem the study in regard to
CST and adult sutures. A second study often cited by
proponents of CST as evidence that sutures do not
completely fuse was performed by Kokich.* This
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study demonstrated serial age changes from 20 o 95
vears in the frontozygomatic suure. The author
concluded that this suture undergoes synostosis dur-
ing the cighth decade but does not completely fuse
by even 95 years of age. It should be noted, however,
that the zygomatic suture, being a facial suture, has
no dural artachment and therefore even when patent,
it probably is not involved in the primary respiratory
mechanism.

In 2 simifar vein, eritics of CST cite the classic 1924
work of Todd and Lyon™ on swwure closure, which
indicates that cranial sutures generally fuse by the
fourth decade. Proponents of CST, however, state that
this study is biased because the anthors eliminated 81
skulls from analysis due to abnormal progress in
suture closure such as premature closure and absence
of ossification in sutures,'* Also in conwast o the
claims of continued movemene at the cranial sutures,
a computerized tomography (CT) assessment of the
chondrocranium of 189 children between the ages of
newborn to 18 years was performed to chronicle
suture and synchondrosis development in children,
Results demonstrated complete fusion in 95% of the
females by the age of 16 years and 95% of the males
by the age of 18 years.” Similarly, a retrospective
study, utilizing high-reselution, thin-secton CT scans
of the sphenooccipital synchondrosis, examined 253
patients between the ages of 1 two 77 years, The
authors concluded that there was progressive, predict-
able ossification of this synchondrosis, which was
complete by the age of 13 years.™

The neurosurgery literature has provided some
evidence of cranial bone mobility, Heifer and Weiss'
applied skull tongs containing strain gauges tw the
skulls of 2 comatose patients, By increasing
intracranial pressure (ICP) bewween 15 to 20 mm Hg,
they demonstrated a voltage change indicating move-
ment of the skull tongs and, therefore, an expansion
of the cranial vault. Canid® and felid®® studies
similarly have demonstrated skull expansion related
to increases in ICP,

Losken et 2%’ investigated sucural response to
distraction osteogenesis whereby a bone distractor
was placed across cranial suwres in normal rabbits
and in rabbits with delayed-onset craniosynostosis to
create a bone growth response. The researchers were
able to produce force/displacement curves for
coronal sutures in both groups of rabbits. This study
demonstrated that 20 kg (20000 g) of force was
required to produce 1 mm of movement across
normal rabbit coronal sutures and 48 kg (48 000 g)
of force in rabbits with delayed-onset craniosynostosis.
This amount of force far exceeds the 5 to 10 g
recommended 1* by craniosacral therapists to manipu-
late human sulures.

Despite the number of swmdies (including those
described here} and the strong claims made by
researchers from a variety of Helds regarding the
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mohbility of the cranial bones and other tenets of CS8T,
the research onr cranial bone moton done o date is
far from conclusive. Insufficient reporting of details
regarding methodology in several of the previously
mentioned studies limits the conclusions that can be
drawn, These swidies as a group, however, offer
evidence that cranial bone motion can occur refated
to changes in the ICP or large distractive forces. The
extent of this motion is still unknown, and none of
the previously cited literature has demonstrated con-
clusively that cranial bone motion can occur solely
through manual techniques using the smazall amount
of force described in the craniosacral literature.

A review paper by Rogers and Witt" entitled “The
Controversy of Cranial Bone Moton” made several
recormmendations for future research. These authors
stressed that ICP monitoring or decumentation of a
known external force was essential to establish
whether cranial bone movement could occcur with
therapeutic levels of stimulus. In addition, they rec-
ommended direct measuring of cranial bone motion
across sutures as opposed to use of the tonglike
devices previously employed in the past.

The objective of this study was to examine several
of the tenets of CST as recommended for addidonal
study by Rogers and Witt.!! Specifically, these include
simulating the craniosacral frontal Eft techmigue (dis-
traction of the frontal bone in an antevior direc-
ton)'®*¥ on anesthetdized adult rabbits, with
progressive distractive forces in increments of 5 g (5,
10, 15 and 20 g) applied by an Instron load cell, A
rabbit model was chosen for this study because of the
simifarity in sutural structure between rabbit and
bumans.? Prior to and following the application of
distractive forces, radiographs were taken to measure
movement across the coronal suture. Epidural ICP
measurements were also taken predistraction and
postdistraction fo note any change associated with the
frontal-iift technique. )

This study hypothesized that low Jlevels of distrac-
tive force applied to the frontal bone will result in
significant ICP changes and significant movement
across the coronal sature. This study is significant
because craniosacral manipulation is a epe of
therapy that is widely practiced and premoted yet
Iacking in sound scientific and clinical research. It
will assist clinicians in evaluating one of the proposed
biolegical mechanisms of CST.

METHODS

Thirteen New Zealand white rabbits (Oryctolagus
cunicufus) were either bred in the vivarium ac the
Department of Anthropology, University of Pitts-
burgh, or purchased from a breeder (Myrtle's Rab-
bitry, Thompson Swation, TN), and housed in the
vivarium. Prior to beginning the experimental proce-
dure, power analyses were performed to determine
the number of animals needed. These analyses were
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based on 2 data sets from previous research by
Fellows-Mayle,® one involving ICP changes in rabbits
between the ages of 10 to 84 days and the second
examining ICP variation over time during 1 observa-
tion session. With an alpha of .05, the sample size, to
reach a power of 80%, was calculated to be 17
animals using the first set of data {mean difference,
3.43 mm Hg; 8D, 4.65 mm Hg) and 17 animals using
the second set of data {mean difference, 1.85 mm
Hg: SD, 2.54 mm Hg). After data collection was
completed on 13 rabbits, it was concluded that no
further animals needed to be sacrificed to achieve
statistical significance.

The 13 animals {5 female and 8 male) werc housed
in stainless steel caging, and food and water were
supplied ad libitum. The age range was between 84
aned 1484 days, with the median age being 89 days
{mean age + 5D}, 380 + 490 days)., The minimum age
of 84 days was chosen based on the maturity of the
craniai sufures, cessation of brain growth, and the
documented stabilization of the ICP.°

Prior to surgery, all of the rabbits were anesthetized
with an inwamuscukwr mjection (0.59 ml/kg) of a
solution of 91% Retaset (Ketamine Hydrochloride,
100 mg/ml) and Rompun (Xylazine, 20 mg/mL}.
The animals were placed in ventral recambency, the
heads depilated and an approximately 26anm inci-
sion was made through the skin over the sagital
suture with a number 15 surgical blade. The coronal
suture was identified, and a 1.2-mm Viwllium Y plate
and l.7-mm-diameter and O.4mm-length surgical
screws (Mini Wirzburg Tianivm Implint System;
Stryker Leibinger Gmbli & Co, Freiburg, Germany)
were attached centrally to the parietal bones, 5-mm
candal to the coronal suture. A second “Y’ plate and
screws were attached centrally to the frental bone,
5-mm rostral to the coronal suture. Figure 1 illus
trates the surgical piates attached to a dry skull,

A burr hole, approximately 2mm in diameter and
penetrating the entire thickness of the calvaria, was
placed on the right parietal bone, 3 mm lateral to the
caudal screws. The burr hole was made using a Bell
drill (Robbins Instruments, Chatham, NJ} and a
2mm cutting burr. The dura mater was identified
and a Neuromonitor transducer was threaded 2-mm
rostral, to confinm that the buwrr hole penetrated the
calvaria.

The animals were then positioned in dorsal recum-
bency and the parietal plate was attached by way of
an 11 x 10-mm, Sshaped hook to a 63-mm straight
surgical plate (Mini Wirgburg Titaniom Implant
System; Siryker Leibinger GmbH & Co, Freiburg,
Germany). The plate was then fixed w0 a Chook
mounted on a rigid plate at the base of the tabletop
load frame (mode! 5500; Instron Corp, Canton, MA).
The frontal bone plate was artached to the 10b
{(41.48-N) tension load cell (model 5560; Instron
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FIGURE 1. Surgical plates aflached to a dry skull.

Corp, Canton, MA) by way of a Chook {(Figure 2).
The load cell was elecironically calibrated prior to the
head fixation.

Intracranial pressure (ICP) measurements were
taken using a NeuroMonitor (Codman and Shurtleff,
Inc, Randolph, MA). The monitor is accurate to *1
mm Hg. The NeuroMonitor was calibrated at the
beginning of each daily measurement session and the
microtransducer was calibrated prior to each animal
trial. ICP measurements were recorded by inserting a
microsensor transducer into the burr hole and gently
moving it approximately 2 mm rostral within the
epidural space. The transducer placement was con-
firmed by the waveform pattern on the NeuroMoni-
tor.

After positioning the microsensor transducer, ICP
was allowed to stabilize for 15 minutes to allow the
rabbit to acclimate to the TCP mansducer, During this
15-minute period, a bascline dorsoventral radiograph
of the coronal suture was taken using a Philips Oralix
70 dental radiographic unit and the Instron software
was opened to the appropriate tension file.

A baseline measurement of ICP was recorded after
the initial 15 minutes. The Instron load cell was then
zerned and 5 g of axial tension was applied to the
frontal bone of the anesthetized rabbit at a rate of
0.5 mm/min. Once 5 g of tension was reached, as
indicated on the computer monitor, ICP was re-
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corded. At l-minute intervals, baseline ICP was again
vecorded and this procedure was repeated wwice, with
ICP recorded each time. A repeat dorsoventral radio-
graph of the coronal suture was performed at the
end of the third distraction, while the tension was
maintained on the frontal bone.

The axial tension was then released and ICP left to
stabilize for 5 minutes to allow for recovery afier the
applicadon of the distractive force. This procedure
was repeated for 10, 15, and 20 g of axial tension.
Pearson product correlations for measureremeasure
reliability for ICP recordings were performed for all 3
trials at each of the disiractive loads. A perfect
correfation of » = 1.00 (P<.01) across all irials was
recorded.

The last animal (age, 576 days) underwent addi-
tdonal distractive forces of 100, 500, 1000, 2000, 5000
and 10 000 g, while both ICP was monitored and
baseline and distraction radiographs were taken. Fol-
lowing each session, the rabbits were euthanized with
300 ml/kg of pentobarbital TV, preceded hy
ketamine/xylazine sedation.

Each radiograph was placed on a lighted view box
and tracing paper was placed over the image of the
rabbit's skull. The horizontal end of the surgical
plates was identified on the frontal and parietal bones
and marked on the tracing paper. The distance
between the surgical plates was measured using elec-
tronic digital calipers (Miz-Cal Electronic; Ted Pella,
Inc, Redding, CA). The calipers are accurate within
0.035 mm. Ten percent of the radiographs were
randomly chosen, retraced, and remeasured by 2 of
the investigators, to calculate intrarater and interrater
reliability for landmark identification. A Pearson
product coefficient of r = (.998 (P<.001) was calcu-
lated for both intrarater and interrater reliability.

Data Analysis

ICP was measured and averaged for all subjects at
each baseling (before distraction) and during cranial
distraction for each of 3 trials at 5, 10, 15, and 20 g
of force. A 2-way analysis of variance (ANOVA)
compared mean ICP across the distraction forees.
Mean coronal suiure separation was calculated by
subtracting the baseline measurements between the
frontal and parietal bones from the distraction mea-
surements between these bones and then averaging
these for each level of distraction. A 1-way ANOVA
was performed to compare the mean differences for
coronal suture movement at the various levels of
distractive force. A Pearson correlation coefficient for
ICP versus cranial bone movement was also caleutated
for each level of force.

The radiograph measurements, ICP dara, and ani-
mai demographics were recorded on a Microsoft
Excel spreadsheet, and data analysis was performed
using SPSS 11.0 for Windows.
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FIGURE 2. Animal attached to Instron load cell.

RESULTS

Figure 3 illustrates the change in ICP between
baseline and disoaction for each of 3 trials at 5, 10,
15, and 20 g of force. The mean ICP at 20 g was
higher than the mean ICP at lower distractive loads,
but this was not statistically significant. A 2-way
ANOVA, comparing mean ICP across distracdon
forces (5, 10, 15, or 20 g), demonstrates no signifi-
cant change (F>.058) in ICP ar any load (Table 1).

The mean measurement for coronal suture separa-
tion (mean difference between final distractions mi-
nus baselines for each of 5, 10, 15, and 20 g of force)
is ouilined in Table 2. Animal 2982 was the first to
undergo the experimental procedure and the radio-
graphic unit was not positioned correctly, therefore,
no radiograph was obtained for this subject (n = 12).
The 16-g distracrion radiograph for animal 2502 was
doubie-exposed and therefore no data were recorded
for this wial (n = 11). A l-way ANOVA demonstrates
no significant difference (£2>.03) between the mean
differences for coronal suture movement at any level
of distractive force (Table 3).

No significant (P>.05) linear relationship was dem-
onstrated between ICP and coronal suture movement
at any distractive force, The Pearson correlation
coeflicient for ICP versus movement at 5, 10, 15, and
20 g were r = 0.092, r = 0.306, v = 0100, and » =
0.216, respectively. The Pearson correlation coeffi-
cient for overall average ICP versus sutural movement
was r = 0.062 {F=>.05).

The final animal {2833) underwent additional
distraction forces of 100, 500, 1000, 2000, 3600, and
10000 g. Results demonstrated no change in ICP
following the application of distractive forces except
for 1009 and 2004 g when the ICP decreased from 3
to 2 mm Hg. Figure 4 plots the mean ICP for animal
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2833, who underwent addidonal larger distractive
forces. The range of radiographic measurements for
the distraction forces between % and 10 000 g for
animal 2833 is between -0.09 and .91 mm (Figure
5). The largest measurement of coronal suture move-
ment, 0,9} mm, occurs between baseline and the 10
000g discraction. Figure 6 compares this study's
distraction dara with that of the previously mentioned
work of Losken et al,*" which demonstrated that 20
kg (20 000 g) of force was required to produce 1 mm
of movement across normal rabbit coronal sutures,

DISCUSSION

This study bypothesized that low loads of distractive
force applied to the frontal bone of anesthetized
rabbirs, which simulates a craniosacral frontallifc
technique, would result in significant JCP changes
and movement at the coromal suture. Neither of
these hypotheses was supported by the data.

—— Bascline
s Distraction

Pressure [mm Hg)
™

Force (g}

FHGURE 3, Mean intracranial pressure for each cranial distraction
force and Iheir coresponding baseline value for all animals
{h=13),
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There was no significant change in ICP in response
to fow loads of distractive force, 5 to 20 g, over the 13
animals, The ICP mean associated with the 20g
distraction trials was slightly higher than the means
for the 5 to 15-g trials, but this was not statistically
significant, nor did it appear to occur in response to
craniad distraction. In 6 of the 13 animals, mean ICP
is seen to change during the swbilizatdon period
following the 15-g distraction trials but prior tw the
20-g trials. Of the 6 animals that did demonstrate a
change in ICP, b experienced a I-mm Hg increase
and 1 animal experienced a lanm Hg decrease
during this stabilization period. If these changes in
ICP were related to the distraction force applied two
the coronal suture, the ICP should have decreased in
response to a distractive force and the change should
have occurred during the distraction period. Instead,
the ICP increased during the stabilization period.
Given that all of these changes occurred during the
same relative period, foliowing the onset of anesthe-
sia (approximately 30 minutes), one possible explana-
ton may be that this is a natural fluctuation in ICP
due to the anesthesia. Ketamine has been shown w
increase IGP by causing cerebral vasodilatation.®

Coronal suwure movement, as measured from the
radiographs taken prior to and during the appled
distractive forces, did not occur at forces between 5
to 20 g. No significant difference was found bemween
the average amount of movement (distraction mea-
surement minus baseline measurement) at any of the
applied forces berween 5 to 20 g. To determine if ICP
change or coronal sunire movement would accur at
higher loads of fronwl bone distraction, the last
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animal (2833) underwent additonal distractive forces
of 100, 500, 1000, 2000, 53060, and 10 000 g applicd
to the fronwl bone. ICP remained constant untl

1000 g of distraction, following which it decreased
from 3 to 2 mm Hg. These larger distractive forces
were applied only to 1 animal, therefore, statistical
analysis and subsequent conclusions are limited.
Whether the change in ICP that occurred during the
1000-g distraction is a result of the intervention or
just a nawral variaton in ICP is difficult o say
without additional data, What can be concluded,
however, is that ICP is not shown to change signifi-
cantly during distractive forces that replicate those
used clinically by craniosacral therapists. The only
ICP change that appears to occur in response to
distraction occurs at forces 100 to 200 times greater
than those used clinically.

In relation to movement acraoss the coronal suture
in animal 2833, the range of movement mecasured
during the 5 to 5600-¢ distractions was between -0.09
and 0.31 wm. The final distraction at 10000 g
produced 0.91 mm of movement. Again, no statistical
analysis could be performed and, therefore, conclu-
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sions about these data are limited because only 1
animal underwent distraction at the higher levels.
However, this is comparable to the results of Losken
et . who, using distraction osteogenesis in 25- to
84-day-old rabbits, demonstrated that it wok 500 g of
force to even show movement at the coronal suture
and 20 0060 g of force to produce 1 mm of movement
in the coronal suture of normal rabbits. In contrast,
in rabbits with pathological prematurely fusing
coronal sutures it took approximately 48000 g of
force 1o produce 1 mm of movement in the coronal
suture, In normal rabbits, the coronal sutures stay
patent throughout life. In contrast, rabbits with
delayed-onset coronal suture fusion show bony bridg-
ing and progressively slower coronal suture growth
from 25 to 84 days of age, which make this analogous
to the cranial vault sutures seen in 20- o 26-year-old
humans. it is interesting o note that the forces
needed to distract normal patent rabbit sutures are
hundreds of times greater than those used clinically
by craniosacral therapists to achieve movement at
adult human cranial vault sutures, which are signifi-
cantly larger than those from rabbits in the present
study.

CST is a diagnostic and therapeutic technique
based on the Dbiological model known as the
craniosacral mechanism or primary respiratory
mechanism. This model is explained by the inherent
mobility of the nervous system and fluctuation of
cerebrospinat fluid resulting in a rhythmic pulsation,
which is translated through the dural membranes to
the cranial bones.” Based on a review of Hterature
related to CST, Green et al'%concluded that there is
evidence for cercbrospinal fluid pulsadon as mea-
sured by magnetic resonance imaging, encephalogra-
phy, myelography, and ICP monitoring. Part of the
controversy surrounding CST, however, is that both
the diagnostic and intervention aspects are based on
manual palpation of the cranjal rhythm, Multiple
studies have shown poor reltability in palpating this
rhythm H17.823251

- Basafine
Distraction

.§
i

nog 2000 5009 10060

Pressure (mm Hq)

§ 10 15 20 1o st0

Farcee [g]

FIGURE 4. Mean intracranial pressure for each cranial distraction
force and their corresponding basefine value for animal 2833,
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FIGURE 6. Force displacement curve for the coronal suture from
normal rabbils {presented by Losken ¢t al®) versus rabhit 2833.

The goals of craniosacral treatment according to
Greenman'® are (o improve articular and membra-
nous restrictions, reduce neural entrapment at the
base of the skull, enhance the rate and amplitude of
the cranial rhythmic pulse, and hmprove circulation
by reducing venous congestion. As indicated in the
literature review of this paper, there is support for
small amounts of movement that occur between
cranial bones based primarily on the role that sutures
have in cranial compliance related to increases in
ICP %7 Biomechanical studies bave demonstrated
that sutures are more compliant than cranial bone
and that their bending strength does not match that
of cranial bone.? ™ Losken er 21?7 also demonstrates
that movement can occur at patent or fusing sutures
between cranial bones in response to large distractive
forces. What has not been demonstrated, however, is
the claim by cranicsacral therapists that there is
articular mobility at eranial sutures and that by
applying manual techniques using siall amounts of
force, movement can occur between cranial bones.
This study demonstrates that at therapeutic loads,

between 5 and 20 g of distractive force, simulating a
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craniosacral frontal lift technique, there is no signifi-
cant movemen{ across the coronal sature, nor is
there significant charge in ICP. In 1 animal, however,
at forces significantly greater than those described for
clinical use, ICP decreased in response to a distractive
force, and movement across the coronal suture was
documented,

Potential limitations of this study include the use of
an animal model to simulate a clinical technique that
is performed on humans. Does an animal, in this
case a rabbit, possess a “craniosacral system” similar
to a human? According to Upledger,” a leading
proponent and insuuctor of CST, the craniosacral
system is made up of the following anatomical parss:
meningeal membranes, osseous structures 1o which
the membranes attach, nonosseous connective tissue
structures, cerebrospinal fluid, and structures rehaied
to production, resorption, and coneainment of the
cerebrospinal fluid. Anatomically, a rabbit has by
Upledger’s definition, a craniosacral system.®%3
Upledger™ further states that the craniosacral system
produces a rhythmic motion that occurs in “man,
other primates, canines, felines, and probably all or
most other vertebrates.” Multiple articles referenced
in the craniosacral Hrerature utilized animal studies in
an attempt to support the hiological claims regarding
this therapy 20204740,

Ancther potential concern related to the use of
animals in this stady is the ditference beaween human
and rabbit sutures. A morphological and histochemi-
cal smdy comparing suture closure in man and
rabbits was performed by Persson et al.”® The overall
struceural and obliteration pauerns were shown to be
very similar berveen humans and rabbits. The differ-
ences noted (more tendon-like collagen bundles in
the rabbit sutures and more calcified bodies in the
human sutures) seem to suggest that rabbit sutures
are actually more pliable as compared to human
sutures, and therefore, we would more likely see
movement across the rabbit sutuwres and changes in
ICP in response to distractive forces.

The sample size for this project was relatively small
(o = 13}, The origiral power calculation based on
data from previous ICP research on rabbits® indicated
that 17 animals were required to reach a power of
80%. The previous data were ‘based on rabbits be-
tween the ages of 10 and 84 days, while the rabbits
used in this study were between the ages of 84 and
1484 days. After performing the experimental proce-
dures on the initial 1% animals, we noted lower ICP
values than those in the study by Fellows-Mayle” and
more than enough power to establish a lack of effect
of the distractive forces. Therefore, no further ani-
mals were sacrificed,

Finally, the use of Ketamine as an anesthetic agent
may have influenced ICP readings during the experi-

mental procedures. Research has shown that
Ketamine increases ICP by causing cercbral
852

vasodilaration,® but that the effects of Ketamine on
ICP are shortlived and that reliable results can be
obtained.” The dosages of Ketamine in this experi-
ment were consistently maintained based on the
animal’s mass, and each procedure was consistently
timed; so even if this anesthetic caused an increase in
ICP, all of the animals would have been affected in
the same manner.

Evidence for the efficacy of CST is absent and the
biological mechanisms of cranial manipulation resule
ing in changes to cerebrospinal fluid pressures ap-
pear invalid. Therefore, future research in GST
should focus on establishing its efficacy in a particu-
lar patient population. If therapeutic benefit is found,
researchers should investigate mechanisms other rhan
cranial bone movement and cerchrospinat fluid pres
sure changes as the mechanism,

CONCLUSION

This study has simulated a craniosacral treatment
technique, the frontal lift, by applying accurately
measured distractive forces, while monitoring ICP.
Based on the theories proposed by eraniosacral prac-
ttioners, we hypothesized that therapeutic levels of
distractive force, 5 to 20 g, appled ¢ the frontl
hone, would result in significant change in 1CP and
movement across the coronal suture. Both of these
hypotheses were rejected. No significant differences
were noted for coronal suture separation or TCP at
therapeutic levels of distraction. Change in ICP and
moventent across the coronal suture were noted in |
animal following the application of forces dramati-
cally greater than those used clinically in the practice
of CST.
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