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Preface 
 
Osteogenesis imperfecta (OI) is a genetic disorder characterized by fragile 

bones that break easily. It is also known as “brittle bone disease (BBD).” The 

cause of OI is a genetic mutation that affects the body’s production of collagen 

or other collagen-related proteins. Over the past decade, our understanding 

about the genetic and clinical heterogeneity of OI has expanded significantly 

to include over 13 disorders defined by distinct genotypes. These disorders 

involve diverse mechanisms of disease ranging from changes in the amount 

and structure of type I collagen to post-translational modifications and 

alterations in signaling proteins. Persons with OI have in common brittle 

bones but also experience distinct histopathological and extra-skeletal 

features. Among the many challenges faced by individuals with OI is the 

process of transition from pediatric to adult care. This tumultuous period 

includes physical, physiological and developmental changes that are not 

clearly demarcated by a single event, but rather occur over a period of time. 

The process is complex and multidimensional, yet is rarely addressed in 

current literature. The purpose of this work is to initiate a better 

understanding of the transitional challenges faced by persons with OI and to 

identify new opportunities for problem solution. 

This text began with a one-day workshop on Transitional Care in OI 

sponsored by Shriners Hospitals for Children, the OI Foundation, the Ralph 

and Marion Falk Medical Research Trust, and the Orthopaedic and 

Rehabilitation Engineering Center (OREC – sponsored by Marquette 

University and the Medical College of Wisconsin). The workshop was 

conducted on September 10th, 2010 at Shriners Hospital, Chicago and 

included national and international researchers from scientific, clinical and 

technical fields. It focused on clinical needs, biology and technical advances 

with an emphasis on applications, limitations, and problems to be solved. 

Through the generous support of Shriners Hospitals, the Falk Foundation, 

NIDRR, NIH, a host of contributors, and collaboration of the keynote 

speakers, this work was planned for publication.  

The purpose of the book is to:  1) identify relevant needs for transitional care 

in OI that can be served by existing and emerging technologies, and 2) 

educate readers on current concepts, recent findings and anticipated 

advances within the biological, clinical and technical communities.  



Section 1 of the text presents an overview of advances in transitional care. 

This section includes a national program example, as well as details on the 

establishment of a network of regional linked clinical research centers 

(LCRCs) by the OI Foundation (OIF). A summary of current concepts and 

emerging horizons in biomechanics, modeling and fracture prediction 

completes the section. 

Section 2 of the text addresses biological developments and current 

challenges. It includes an examination of genotype-phenotype correlations in 

autosomal dominant OI and examines the challenges of stem cell therapies. 

A review of murine models of OI is included as well as an examination of 

recessive OI. The section concludes with a tissue level review of OI bone. 

Section 3 of the text examines technology as applied to OI and identifies 

emerging opportunities for advances in modeling, quantitative assessment, 

motion analysis, dynamic imaging, mobility, and whole-body vibration. 

Opportunities for future research and development are also described and 

discussed in this section. 

Section 4 is the final section and addresses clinical aspects of OI from an 

assessment and treatment standpoint. The section offers a clinical overview 

from medical and orthopaedic perspectives, and examines quality of life, 

pain, spinal deformity, craniofacial care, and oral health. Rehabilitation in OI 

receives a special focus with chapters on upper extremity considerations, 

driving, positioning, and mobility.  

While OI remains a challenging condition, it is hoped that this work will 

contribute to an improved understanding of the condition as we all work to 

provide better transitional care from the pediatric to adult environment. 
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�property describing the ratio of the strain occurring perpendicularly to
the applied load to that occurring in the direction of the load. For bone, Poisson’s ratio 
ranges between 0.2 and 0.6. Since bone is a heterogenous and anisotropic material, 
Poisson’s ratio is likely to exhibit local and directional variations. 
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Marker Name Marker Location 
M1 Calcaneal tuberosity 
M2 Head of the 2nd metatarsal 
M3 Medial malleolus 
M4 Lateral malleolus 
M5 Medial femoral epicondyle 
M6 Lateral femoral epicondyle 

%�!���� ��� 
�����
�

 
����������� �
����� ����� ��

������ ��� ,)?� ���� ������ �� >��
��� 4�������
��4,???�
� ��
���� ">��
��� H������ ���	��
������� 4	���������� J��
���%��
K$4/��
���������������"K$4/�+��>����
��J�������A%����������������������=$�
B???�$���
��
���������������"J=�� ������
���$�%��J��������������������������
���� ��

������ ������ �� 
�
�������� 4+��� �7;�:�,� ������ �
���� "4+����
&���������� +4%� �
������� ��� �� ������� ��
������  ������ ,� �

��������� �	��
�����
�����������������	���
���������������������
������
��	����	��	��������
�
����"�
���
�KI��
���%������
��	�
����
����	�����������
���������

����	��
��������������	����������	�������������>����������	��	����������
�����
������
����� ���� �
����������� �
����� ����� ��

������ ��� ,)?('�� �	�� �
�����������



#12

�
��������
���������	����'�������	��
�����������"����������������������%�
�����������	�������������������������������������
����A���
���"�
����������	��
�
���������� ����� �	��� ���������%�� ��� ��������� ��� ����	����'������� �	��
�
����������� �
����� ���������� �� 
������'������ �������� ��� �������� ���� �	��
������	���� �
���� ����������� �������� ��� �	�� ����� ������� ��� �	�� �
����
������������)-��

%��!��
36�#����
��������������E�=
��������������
�������	��
���
�����������������
��
�
������"��������%�������
����������������"��������%��

����� 
,&��+

4����� ����� ���
����� 
������ ����� ���� ��

������� �	�� �������� ����� �
���
���������������
��������
��
����������

�����
������������������
�
���������	���
�����������������������
������������������������	�������������
�����
������
��

�
������������������	���������������������������	�����������	��	������
���	���
�	��������������������
�����������	����
���������
����

��
�����
'����

4��	�������
���������������
���
���������
������������������	������
������
����	��	����������������	����������	��������������	�����
���������E�",%��������
")%� ��
���� ���� "2%� ��
�������� �	�� �����
� ���
���� ����������� �����
� ����
�������� ��
�
���
����� �������
�
������� ��� ��� ��
�������������� �	�� �
����
���������������
��������������
��	�������������	����
���������
�����
����
����
����������� �����
�� ����� �������� ��� ������ 
�������� ������
� 
������� ��� �	��
�
������������
�����"������
���������������%����������
�������	�
�������
���
�
�����������������
��	�������
���
��������������>���������
�������
�����������



#23

������������������	���������������
�
�����������������
������������)9�
������
�
������	��
�������
���������	��������������������
���8�����	���
�����	���
���
������	��+,�����+)�
������������������������
�������	���
���
�KF��
����
"����  ������ )%�� �����
������ ������
� 
������ ������� ��� ��������� ���
� �
����
������������"/���.��/��'.%�����
���
�������������"/��K��/��F��/��I%����	����	��

�������
���� ��5������	�������� ������������������������
����������� �	��

������������� ��� �	�� ����� ��� �	�� �
������ �	�� ���������� ������ 
���� 	����
�������������	�������������������	��	���
���������
���
�����������������
��
����
�����
������ �������������	��� �	��
�������
����� ��� �	�� �
�����������
�
������
������+,�������������	���������������������������������������������
�	��
�������
��������	����������
���������
���
�������������""(�.��('.%�����
"(K��(F��(I%�����������
�%���	��
�����������������	�����������	���
�����������
�
�������������
����������	�������������������	���
�����������	�����!���.��
���
��2?

����
����	���	�����	������
�������������������	����
����������
�	��� �����
����� ��� �	�� �
����������� �
����� ���� �� ��������� ����
�� ����

�

�
�����"��
%�������
�������
��
������=5��������,�2�"���
��)%�������������
�����
���� ������� ��� ��������� ���
� �
���� ������������ ��� �
���
� ������������
���	����	��
�������
����� ������2��	������������
��
������������
�����	����
������
�����
������ ��� �5��������,�2������������� "����E� ��
������
������{�
������
����������������������	�����
���

���	�������
������������
��
���������
���	��
������������
���%���

%��!��
 46
+������ �
����� �	�� �
���� ���
������ ��� ����������
��� ��� �
���
� KF� �
����
�	����	�
������� ��� �	�� ��
�����
� ����������� ���� �	�� ��������� 	���� ��� �	�� �������

��������
��



#2�

��1��
46
)��1��
������
 �
�
�M!����
�6


���� � �� �	
�����
 � ������ � ��� � �	�����
 � ������ � ��� �� (Eq. 1) 
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Segment i-axis j-axis k-axis 

Calcaneus 
 !"#!$%
& !"#!$%& 

 '()*+,-()*+%& '()*+,-()*+%& 
.-()*+, /0/01%2
3.-()*+, /0/01%23 

Talus 
 !1#!4%
& !1#!4%& 

 '()*+,-()*+%& '()*+,-()*+%& 
.-()*+, /0/01%2
3.-()*+, /0/01%23 

Tibia 
567869: ;#56<86=: ;

>?567869: ;#56<86=: ;@>
A?B"#56<86=: ;@,-()*+C
DA?B"#56<86=: ;@,-()*+CD

 -()*+,E()*+%& -()*+,E()*+%& 
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TALOCRURAL JOINT MOTION 
Peak Plantar Flexion 11.70° @ 12% of Stance Phase 

Peak Dorsiflexion 8.36° @ 83% of Stance Phase 
Range 20.06° 

SUBTALAR JOINT MOTION 
Peak Plantar Flexion 5.45° @ 96% of Stance Phase 

Peak Dorsiflexion 4.44° @ 30% of Stance Phase 
Range 9.89° 
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Diagnoses: Osteogenesis imperfecta [756.51]; Carpal tunnel syndrome 
[354.0], Rotator cuff syndrome [726.10] 

Type of current mobility assistive equipment: Invacare Tracer IV manual 
wheelchair. 

Problems with current mobility assistive equipment:  The client cannot propel 
it a functional distance. She gets fatigued. The seat rubs on her right shorter 
leg. 

Height: 5'1 1/2", Weight: 245 lbs. 
Transportation: Client's son drives the client in his Caravan minivan. 
Education/Employment: The client has General Education Development 

degree. The client was a stay at home mom and is now on Social Security's 
Supplemental Security Income. 

Living Situation: The client lives alone in a trailer. 

Recommendation: Our multi-disciplinary team assessment of the client’s 
seating and mobility needs determined that the Pride Quantum 600 power 
wheelchair endowed with the power tilt-in-space function was the most 
reasonable and cost effective alternative in meeting the client’s needs. This 
equipment was chosen over other alternatives because the client preferred the 
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operation and maneuverability of the device as compared to other devices 
tried. This equipment is needed for the following reasons: 

• The client cannot ambulate even with the use of an assistive device due to
minimal weight bearing through the right leg, decreased strength in her
left leg, and bilateral carpal tunnel.

• The client does not have sufficient upper extremity function to self-propel
an optimally configured manual wheelchair due to right shoulder pain,
bilateral carpal tunnel, and her body weight.

• The client is not a candidate for a scooter as the client needs the mobility
device for both inside and outside of her house. A scooter has limited
function inside the house because it requires an increased turning radius
and increased time and effort to rotate the seat in order to get close to
surfaces such as sinks, counters, and tables.

• The use of a powered mobility device will significantly improve the
client’s ability to participate in mobility related activities of daily living
and the client has expressed interest in using such a device.

• The client is not a candidate for a Group 1 power wheelchair as she will
use the device continuously throughout the day as well as on surfaces that
a Group 1 power wheelchair is not designed for.

• A Group 3 single power wheelchair is recommended as the client has a
mobility limitation due to failed total hip and numerous fractures when
she was young.

• Power tilt-in-space is necessary as the client has chronic back pain and
repeated cellulitis resulting in open wounds.

• The client meets the criteria for power features per the Rehabilitation
Engineering & Assistive Technology Society of North America's
(RESNA) Position Papers.
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(4) 

(5) 

�ω

ω x = y
⋅

sin(z) cos(x) + x
⋅

cos(z)

ω y = y
⋅

cos(z) cos(x) − x
⋅

sin(z)

ωz = − y
⋅

sin(x) + z
⋅

F Joint

a g

FDistal

H
.

�ω x �ω y
�ωz

M Joint

H
.

M Distal

F Proximal F Distal rproximal rdistal

F Joint = −mDistalSegment (aDistalSegment + g) + F Distal

H
⋅

X = IXX ω
⋅

X − (IYY − IZZ )ωZ ωY

H
⋅

Y = IYY ω
⋅

Y − (IZZ − IXX ) ωX ωZ

H
⋅

Z = IZZ ω
⋅

Z − (IXX − IYY )ωY ωX

M Joint = H
.

DistalSegment + M Distal − r Proximal × F Proximal�
 �
+ r Distal × FDistal�
 �
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Variable Response Frequency Percentage 
Complaint of 

pain 
Yes 27 96.4% 
No 1 3.6% 

Location of 
pain 

Foot/ankle 2 2.9% 
Knee 2 2.9% 
Hip 4 5.8% 

Back 7 10.1% 
Shoulder/upper arm 2 2.9% 

Lower arm/wrist and hand 6 8.7% 
Multiple 44 63.8% 

Other 2 2.9% 
Pain duration <1 week 10 14.5% 

1-2 weeks 12 17.4% 
2 weeks-1 month 8 11.6% 

>1 month 39 56.5% 
Pain type Fracture related 14 20.3% 

Aches/stiffness 31 44.9% 
Surgery related 5 7.2% 
Injury related 19 27.5% 

Pain intensity 0 1 1.4% 
1 1 1.4% 
2 6 8.7% 
3 6 8.7% 
4 13 18.8% 
5 15 21.7% 
6 10 14.5% 
7 3 4.3% 
8 9 13.0% 
9 0 0 

10 5 7.2% 
Pain treatment None 29 42.0% 

Rest 25 36.2% 
Thermal agents 0 0 

Medication 15 21.7% 
Activity 

limitation 
No limitation 19 27.5% 

School 5 7.2% 
Recreation 21 30.4% 

Both (i.e. school and 
recreation) 

22 31.9% 

Sleep 2 2.9% 
Limitation 
duration 

None 19 27.5% 
<1 week 13 18.8% 

1-2 weeks 12 17.4% 
2 weeks-1 month 6 8.7% 

>1 month 19 27.5% 
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Complaint of pain Activity duration 
less than 2 

Activity duration 
more than 2 

4
���� 9 11 
0����
���� 8 0 
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