APPLIED 2i-:MECHANICS

April 16, 2007

Morgan, Lewis & Bockius, LLP
Attn: Molly M. Lane, Esq.

1 Market Spear Street Tower
San Francisco, CA 94105

Re:  Matter of Cathy Henderson
Case No. AB30014

Dear Ms. Lane:

In accordance with your request, | have performed a biomechanical analysis of the incident
associated with the above-named case. This letter is written to provide you with a summary of
my analysis and conclusions on the matter.

Materials reviewed

Materials received / information reviewed in preparation for this report include the following:
Limited medical records for Brandon Baugh, including 1 lateral view head x-ray
Autopsy report '

Testimony: Roberto J. Bayardo, M.D.

Testimony: Sparks P. Veasey, lll, M.D.

Testimony: Kris Lee Sperry, M.D.

Letter for Executive Clemency by Cathy Henderson

Investigator measurements of Cathy Henderson

Background

Based on the materials reviewed, it is my understanding that Cathy Henderson was caring for
3-month-old Brandon Baugh in her home. Using a calming technique she had learned from
someone else, she was holding Brandon horizontally in her outstretched arm, such that his
head was supported by her hand, and spinning in a circle. While spinning, she stepped on a toy
on the floor and fell, dropping Brandon during the process. Brandon’s body was recovered in a
remote area days later, and autopsy demonstrated massive, comminuted fracture of the skull
centered over the posterior portion of the left parietal bone and radiating into the upper occipital
bone and lower portions of both parietal bones. Extensive subgaleal hematoma was also found
over the left parietal and occipital regions of the skull. | have been asked to determine, from a
biomechanical perspective, whether these injuries could have occurred as a result of the
described drop in the home.

Biomechanical Analysis and Considerations

My assessment of the potential severity of the described drop in this case is based upon
calculation of the pre-impact energy, as well as the force and acceleration of the associated
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impact, with comparison of calculated results to data reported in the recent literature for
pediatric head injury. Measurements indicate that the height of Ms. Henderson’s outstretched
hand is 1.2 m (46 in), so this was assumed to be the vertical distance Brandon’s head would
have traveled prior to impact with the floor. Conservation of Energy requires that the vertical
component of the impact velocity would have thus been 4.8 m/s (10.7 mph). The .spinning
motion was assumed to have occurred at a rate of 0.5 revolutions per second, with the center
of rotation around a vertical axis from Ms. Henderson'’s feet to her head. With Brandon’s head
0.71 m (28 in) away from the center of her body, it would have attained a horizontal linear
velocity of 2.2 m/s (5 mph) during spinning and would have maintained this velocity upon
release until impact with the floor. Given these conditions, the resultant velocity of the head just
prior to impact with the floor would have been 5.3 m/s (11.8 mph). While it is unlikely that the
momentum associated with this total velocity would have been completely arrested in a single
impact, this could have occurred if Brandon’s head had struck the floor and base of the wall
simultaneously. Calculations of impact severity measures associated with this possibility, as
defined by Newton’s Law and based on recent data regarding the mechanical response of the
human pediatric cadaver head', are summarized in Table 1. Values associated with the drop
height alone, neglecting the spin velocity, are also provided for comparison. Given Brandon's
head mass of 1.5 kg (assuming his head/body mass ratio to be 29%), pre-impact energies
associated with these conditions are also provided.

Table 1 Impact severity measures associated with total and drop velocity calculations
Total Velocity Drop Velocity Only

Peak Force (kN) 2.3-2.7 1.8-2.4
Peak Linear Acceleration (G) 144-180 122-163
Head Energy (J) 21.0 17.3

The measured and calculated values are given meaning by comparing them to results reported
in the literature. While there is a limited amount of scientific data regarding pediatric head
injury, results from the few studies that have been conducted, in concert with findings on adults,
provide a valuable base of information. In order to better understand the production of skull
fracture in infants, Weber*® dropped 50 cadavers, ranging in age from newborn to 9 months,
from a height of 0.82 m (32 in). Subjects were dropped horizontally to produce occipital head
impact onto a variety of surfaces, including stone tile, thin carpet, foam-backed linoleum, thick
rubber pad, and a folded camel hair blanket. Fracture — in the majority of cases, multiple
fractures — occurred in all 15 subjects dropped onto one of the first three surfaces. While the
production of fracture was much less common, as expected, for the latter two, more padded,
surfaces, 5 of the 35 subjects still suffered skull fracture. These results indicate that energy
levels associated with these drop heights onto unpadded, or lightly padded, surfaces are more
than sufficient to generate complex fracture in the infant skull. Drops onto the stone tile surface
correspond to head potential energies of 11-14 J. Reported drops of isolated adult cadaver
heads generated fracture at energies ranging from 45-103 J.* In addition to these energy
considerations, force-acceleration calculations for the infant cadavers tested by Weber suggest

" Prange. M. T., Luck, J. F., Dibb, A., Van Ee, C. A., Nightingale, R. W., Myers, B. S., 2004. Mechanical properties
and anthropometry ot the human infant head. Stapp Car Crash Journal 48: 279-299.

* Weber. W., 1984, [Experimental studies of skull fractures in infants.] Z Rechtsmed 92(2): 87-94. German.

* Weber, W., 1985. [Biomechanical fragility of the infant skull.] Z Rechtsmed 94(2): 93-101. German.

* Gurdjian, E. S., Webster, J. E., Lissner, H. R., 1949. Studies on skull fracture with particular reference to
engineering factors. Am J Surg, 78: 736-42.
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that the skull of the young infant may fracture at forces below 1.0 kN. Forces producing fracture
in large-flat-surface impacts of adult cadaver heads vary widely from 4.7-17.9 kN.*®

While no other studies have produced skull fracture in pediatric cadavers, recent studies
utilizing infant crash test dummies provide additional insight. By reconstructing crash tests
involving no injury to infants and using engineering scaling techniques, Melvin sugg7ested that a
conservative estimate of minor head injury in a 6-month-old infant would be 50 G'. In another
study, Klinich et al investigated infant head injury criteria by reconstructing three cases, using a
CRABI-6 dummy, in which three infants (4-6 months old) had suffered skull fractures as a result
of air bag deployments into their rear-facing car seats.® One child suffered a simple linear
fracture, another resulted in bi-lateral fracture, and the third was complex and depressed. The
latter two were fatal. Reconstruction of these cases resulted in peak head acceleration values
of 129, 106, and 199 G, respectively, with the non-fatal case surprisingly resulting in a higher
value than the fatal, bi-lateral fracture case. These data, coupled with results from simulations
of non-injury cases, led the authors to conclude that 85 G was a reasonable value for 50% risk
of minor skull fracture for a 6-month-old child, though they stress that their findings are
preliminary and that the suggested Injury Assessment Reference Values (IARVs) should be
used with caution until more cases can be analyzed. Inconsistencies in results prevented the
authors from making recommendations on thresholds for serious injury, but their findings
suggest a range between 152 and 217 G.

Comparison of the findings of these studies to the calculated values in Table 1 suggests that
the described scenario easily had the potential to produce force, acceleration, and energy
levels well above the estimated threshold for minor skull fracture. While thresholds for the
serious level of injury seen in Brandon are yet unknown, the calculated values are consistent
with a serious level of injury based on the Klinich reconstructions, though, again, the authors
note inconsistencies in their findings at this loading level. The described experimental data
appear to be in direct conflict with a number of case study collections published during the last
three decades’ concluding that children are not seriously injured in typical household falls. The
reasons for differences are not clear, but one logical explanation may be that children most
often do not fall in such a way as to expose their heads to the full energy of a fall. If they do,
however, the experimental data suggest that the consequences can be severe.

It is important to note here that the calculated values presented in Table 1 are based on simple
estimates of the described scenario, particularly in the incorporation of the spinning mechanism.
It is possible that | have overestimated its influence, in which case the “Drop Velocity Only”
values would be applicable. It may also be the case, however, that the combined spinning fall
somehow served to throw Brandon as a result of Ms. Henderson possibly twisting to prepare to

> Allsop, D. L., Perl, T. R., Warner, C. Y., 1991. Force/deflection and fracture characteristics of the temporo-parietal
region of the human head. In: 35th Stapp Car Crash Conf. Proc., 269-278, SAE 912907.

¢ Mclntosh, A. S., Kallieris, D., Mattern, R., Miltner, E., 1993. Head and neck injury resulting from low velocity
direct impact. In: 37th Stapp Car Crash Conf. Proc., 43-57, SAE 933112,

7 Melvin, J. W., 1995, Injury assessment reference values for the CRABI 6-month infant dummy in a rear-facing
infant restraint with airbag deployment. SAE 950872,

¥ Klinich, K., Hulbert, G., Schneider, L., 2002. Estimating infant head injury criteria and impact response using crash
reconstruction and finite element modeling. Stapp Car Crash Journal 46.

’ Reiber. G. D.. 1993. Fatal falls in childhood. How far must children fall to sustain fatal head injury? Report of
cases and review of the literature. Am J Forensic Med Pathol, 14(3):201-207.
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break her fall, thereby increasing the potential severity of the drop. | have not addressed this in
my calculations since it would be speculative to try to quantify. In addition, because the carpet
was not available for investigation, my calculations do not account for its possible contribution.
While the protective influence of a floor covering is reduced with higher impact velocities, a
typical carpet-pad combination in homes today might be expected to reduce the calculated
peak acceleration values by 10-20 G under the described conditions for this case.

Based on the materials reviewed, it seems that the reported experimental data were not
considered during the trial of Ms. Henderson. With the exception of the Weber studies, this is
logical since the other work cited here was published after that time. In addition, Weber
published his work in German, so it seems possible that translations were not available to those
involved. It also seems possible that Weber's work may have simply been dismissed as an
outlier, but the more recent work cited here, including non-fracture drop tests of infant cadaver
heads by Prange et al', appears to confirm its veracity.

Conclusions

Based on the above analysis, it is my opinion that the described fall had the potential to
produce a serious injury. Whether or not it could have produced injuries of the severity seen in
Brandon Baugh is not clear, but the possibility cannot be ruled out given the current state of
knowledge.

If you have any questions, please feel free to contact me at (510) 747-1947.

Sincerely,

Kenneth L. Monson, Ph.D.

APPLIED 2 CMECHANICS
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Impact Force,  Skull Deformation and Kinematics

Head Impact Calculations

Matter of Cathy Henderson
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Head Impact Calculations
Matter of Cathy Henderson
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Upper Bound - Drop Velocity
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Head Impact Calculations
Matter of Cathy Henderson
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Morgan, Lewis & Bockius, LLP
Attn: Molly M. Lane, Esq.

1 Market Spear Street Tower
San Francisco, CA 94105

Re:  Matter of Cathy Henderson
Case No. AB30014

Dear Ms. Lane:

In accordance with your request, | have performed a biomechanical analysis of the incident
associated with the above-named case. This letter is written to provide you with a summary of
my analysis and conclusions on the matter.

Materials reviewed

Materials received / information reviewed in preparation for this report include the following:
« Limited medical records for Brandon Baugh, including 1 lateral view head x-ray
« Autopsy report
. Testimony: Roberto J. Bayardo, M.D.
« Testimony: Sparks P. Veasey, |li, M.D.
. Testimony: Kris Lee Sperry, M.D.
» Letter for Executive Clemency by Cathy Henderson
. Investigator measurements of Cathy Henderson

Background

Based on the materials reviewed, it is my understanding that Cathy Henderson was caring for
3-month-old Brandon Baugh in her home. Using a calming technique she had learned from
someone else, she was holding Brandon horizontally in her outstretched arm, such that his
head was supported by her hand, and spinning in a circle. While spinning, she stepped on a toy
on the flocr and fell, dropping Brandon during the process. Brandon's body was recovered in a
remote area days later, and autopsy demonstrated massive, comminuted fracture of the skull
centered over the posterior portion of the left parietal bone and radiating into the upper occipital
bone and lower portions of both parietal bones. Extensive subgaleal hematoma was also found
over the left parietal and occipital regions of the skull. | have been asked to determine, from a
biomechanical perspective, whether these injuries could have occurred as a result of the
described drop in the home.

Biomechanical Analysis and Considerations

My assessment of theb potential severity of the described drop in this case is based upon
calculation of the pre-impact energy, as well as the force and acceleration of the associated
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impact, with comparison of calculated results to data reported in the recent literature for
pediatric head injury. Measurements indicate that the height of Ms. Henderson’s outstretched
hand is about 1.2 m (46 in), so this was assumed to be the vertical distance Brandon's head
would have traveled prior to impact with the floor. Conservation of Energy requires that the
vertical component of the impact velocity would have thus been 4.8 m/s (10.7 mph). The
spinning motion was assumed to have occurred at a rate of 0.5 revolutions per second, with the
center of rotation around a vertical axis between Ms. Henderson’s feet and sternum. With
Brandon's head 0.51 m (20 in) away from the center of her body, it would have attained a
horizontal linear velocity of 1.6 m/s (3.6 mph) during spinning and would have maintained this
velocity upon release until impact with the floor. Given these conditions, the resultant velocity of
the head just prior to impact with the floor would have been 5.0 m/s (11.3 mph). While it is
unlikely that the momentum associated with this total velocity would have been completely
arrested in a single impact, this could have occurred if Brandon's head had struck the floor and
base of the wall simultaneously. Calculations of impact severity measures associated with this
possibility, as defined by Newton's Law and based on recent data regarding the mechanical
response of the human pediatric cadaver head', are summarized in Table 1. Values associated
with the drop height alone, neglecting the spin velocity, are also provided for comparison. Given
Brandon's head mass of 1.5 kg (assuming his head/body mass ratio to be 29%), pre-impact
energies associated with these conditions are also provided.

Table 1 Impact severity measures associated with total and drop velocity calculations
Total Velocity Drop Velocity Only

Peak Force (kN) 2.0-2.5 1.8-2.4
Peak Linear Acceleration (G) 137-172 122-163
Head Energy (J) 19.2 17.3

The measured and calculated values are given meaning by comparing them to results reported
in the literature. While there is a limited amount of scientific data regarding pediatric head
injury, results from the few studies that have been conducted, in concert with findings on adults,
provide a valuable base of information. In order to better understand the production of skull
fracture in infants, Weber*® dropped 50 cadavers, ranging in age from newborn to 9 months,
from a height of 0.82 m (32 in). Subjects were dropped horizontally to produce parieto-occipital
head impact onto a variety of surfaces, including stone tile, thin carpet, foam-backed linoleum,
thick rubber pad, and a folded camel hair blanket. Fracture — in the majority of cases, multiple
fractures —~ occurred in all 15 subjects dropped onto one of the first three surfaces. While the
production of fracture was much less common, as expected, for the latter two, more padded,
surfaces, 5 of the 35 subjects still suffered skull fracture. These results indicate that energy
levels associated with these drop heights onto unpadded, or lightly padded, surfaces are more
than sufficient to generate complex fracture in the infant skull. Drops onto the stone tile surface
correspond to head potential energies of 11-14 J. Reported drops of isolated adult cadaver
heads generated fracture at energies ranging from 45-103 J.* In addition to these energy
considerations, force-acceleration calculations for the infant cadavers tested by Weber suggest

f Prange, M. T., Luck, J. F.,, Dibb, A,, Van Ee, C. A, Nightingale, R. W., Myers, B. S., 2004. Mechanical properties
and anthropometry of the human infant head. Stapp Car Crash Journal 48: 279-299.

2 Weber, W., 1984. [Experimental studies of skull fractures in infants.] Z Rechtsmed 92(2): 87-94. German.

? Weber, W., 1985. [Biomechanical fragility of the infant skull.] Z Rechtsmed 94(2): 93-101. German.

* Gurdjian, E. S., Webster, J. E., Lissner, H. R., 1949. Studies on skull fracture with particular reference to
engineering factors. Am J Surg, 78: 736-42.
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that the skull of the young infant may fracture at forces below 1.0 kN. Forces producing fracture
in large-flat-surface impacts of adult cadaver heads vary widely from 4.7-17.9 kN.*®

While no other studies have produced skull fracture in pediatric cadavers, recent studies
utilizing infant crash test dummies provide additional insight. By reconstructing crash tests
involving no injury to infants and using engineering scaling techniques, Melvin suggested that a
conservative estimate of minor head injury in a 6-month-old infant would be 50 G'. In another
study, Klinich et al investigated infant head injury criteria by reconstructing three cases, using a
CRABI-8 dummy, in which three infants (4-6 months old) had suffered skull fractures as a result
of air bag deployments into their rear-facing car seats.® One child suffered a simple linear
fracture, another resulted in bi-lateral fracture, and the third was complex and depressed. The
latter two were fatal. Reconstruction of these cases resulted in peak head acceleration values
of 129, 106, and 199 G, respectively, with the non-fatal case surprisingly resulting in a higher
value than the fatal, bi-lateral fracture case. These data, coupled with results from simulations
of non-injury cases, led the authors to conclude that 85 G was a reasonable value for 50% risk
of minor skull fracture for a 6-month-old child, though they stress that their findings are
preliminary and that the suggested Injury Assessment Reference Values (IARVs) should be
used with caution until more cases can be analyzed. Inconsistencies in results prevented the
authors from making recommendations on thresholds for serious injury, but their findings
suggest a range between 152 and 217 G.

Comparison of the findings of these studies to the calculated values in Table 1 suggests that
the described scenario easily had the potential to produce force, acceleration, and energy
levels well above the estimated threshold for minor skull fracture. While thresholds for the
serious level of injury seen in Brandon are yet unknown, the calculated values are consistent
with a serious level of injury based on the Klinich reconstructions, though, again, the authors
note inconsistencies in their findings at this loading level. The described experimental data
appear to be in direct conflict with a number of case study collections published during the last
three decades’® concluding that children are not seriously injured in typical household falls. The
reasons for differences are not clear, but one logical explanation may be that children most
often do not fall in such a way as to expose their heads to the full energy of a fall. If they do,
however, the experimental data suggest that the consequences can be severe.

It is important to note here that the calculated values presented in Table 1 are based on simple
estimates of the described scenario, particularly in the incorporation of the spinning mechanism.
It is possible that | have overestimated its influence, in which case the “Drop Velocity Only”
values would be applicable. It may also be the case, however, that the combined spinning fall
somehow served to throw Brandon as a result of Ms. Henderson possibly twisting to prepare to

> Allsop, D. L., Perl, T. R., Warner, C. Y., 1991. Force/deflection and fracture characteristics of the temporo-pariétal
region of the human head. In: 35th Stapp Car Crash Conf. Proc., 269-278, SAE 912907.

® Mclntosh, A. S., Kallieris, D., Mattern, R., Miltner, E., 1993. Head and neck injury resulting from low velocity
direct impac:. In: 37th Stapp Car Crash Conf. Proc., 43-57, SAE 933112.

" Melvin, J. 'W., 1995, Injury assessment reference values for the CRABI 6-month infant dummy in a rear-facing
infant restraint with airbag deployment. SAE 950872.

¥ Klinich, K., Hulbert, G., Schneider, L., 2002. Estimating infant head injury criteria and impact response using crash
reconstruction and finite element modeling. Stapp Car Crash Journal 46.

® Reiber, G. D., 1993. Fatal falls in childhood. How far must children fall to sustain fatal head injury? Report of
cases and review of the literature. Am J Forensic Med Pathol, 14(3):201-207.
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break her fall, thereby increasing the potential severity of the drop. | have not addressed this in
my calculations since it would be speculative to try to quantify. In addition, because the carpet
was not available for investigation, my calculations do not account for its possible contribution.
While the protective influence of a floor covering is reduced with higher impact velocities, a
typical carpet-pad combination in homes today might be expected to reduce the calculated
peak acceleration values by 10-20 G under the described conditions for this case.

Based on the materials reviewed, it seems that the reported experimental data were not
considered during the trial of Ms. Henderson. With the exception of the Weber studies, this is
logical since the other work cited here was published after that time. In addition, Weber
published his work in German, so it seems possible that translations were not available to those
involved. It also seems possible that Weber's work may have simply been dismissed as an
outlier, but the more recent work cited here, including non-fracture drop tests of infant cadaver
heads by Prange et al', appears to confirm its veracity.

Conclusions

Based on the above analysis, it is my opinion that the described fall had the potential to
produce a serious injury. Whether or not it could have produced injuries of the severity seen in
Brandon Baugh is not clear, but the possibility cannot be ruled out given the current state of
knowledge.

If you have any questions, please feel free to contact me at (510) 747-1947.

Sincerely,

Kenneth L. Monson, Ph.D.

APPLIED BIOMECHANICS



Head Impact Calculations
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Head Impact Calculations
Matter of Cathy Henderson

Impact Force, Skull Deformation and Kinematics
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Lower Bound - Total Velocity
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defg) = def = tg, pace defgy = 19.8mm
Vior (1 + Crest
OMega jai; = —O——(————LS) omega ey = 53.117 B‘i
- Tneck §
a
alpha, = P alphap = 1.416 x 104id
Py 2
neck s

Head Impact Calculations
Matter of Cathy Henderson

Peak Force

Peak Accel

Skull Deformation

Ang Vel Change

Ang Acc Peak
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Upper Bound - Drop Velocity

tau := 0.006-sec

_ 2:mass Myatio Vree
P’ tau
F

P
a, =
mass- M4

Head Impact Calculations
Matter of Cathy Henderson

Crush Phase Impulse Duration

F.=2405x 10°N  F_ = 540.586 1bf Peak Force

p P

ap = 162.716 g Peak Accel

Check deformation with Haversine.pxp (igor Pro)

def := 14.4-mm
defgy = def = tg face

Vree' ( L+ erest)

Omegadelt = ;

neck

a

alpha =
P Theck

Lower Bound - Drop Velocity

tau ;= 0.008-sec

2:mass Myatin Viree

P’ tau
.
a,. =
p InaSS'mratiO

Max overall deformation (from Igor Pro)

defSk =14.4mm Skull Deformation

rad Ang Vel Change

omegage); = 50.39 S

alpha.p = 1.68 x 104£d, Ang Acc Peak
2
S
Crush Phase Impulse Duration
Fy = 1.803 x 1N Fy=405.441bf Peak Force
ay = 122.037 ¢ Peak Accel

Check deformation with Haversine.pxp (lgor Pro)

def := 19.1-mm

defgy = def —tg face

Vfree' (1 + erest)

Omegadelt = ] .
nec

a

alpha, :=
p
Theck

Max overall deformation (from igor Pro)

- defgy = 19.1mm Skuli Deformation

omega o = 50.39% Ang Vel Change

alphap =1.26 x 10418-'g Ang Acc Peak
2

S

4 0f4
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