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Figure 1
Servocontrolled Bioreactor
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Figure 2- Servocontrolled
Bioreactor System Functional
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Figure 3A
Servocontrolled Bioreactor
with Process-Based Adjustment
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Figure 3B
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with Process-Based Adjustment

401
TEMP o Servocontrol:
[7) H
-Vascular I’I[ 407 :
-Secretory 'I,,I :
Organs ’II,I
-Skin R U,
-Other s I"l,’
I[,’
L/
Q\)‘\ I)s ,’Il’ll
. 4,
\& Realtime Loop "I:,,'
402 403 A 404
Servocontrol 408 Servo Other
Inputs Servocontrol Controlled Outputs
Correction Qutputs
-Linear Disp

-Transverse

-Linear Load Linear Di
-Fl -Linear Disp
-Te(;n“;)eralure P I D<« -Temperature Displacement
-012 -0
-CO03 ‘ -CO2
N3 ~N2 -
H -Pressure -Pressure =
: - -Flow =
P S R LELTET :',. .......................... et
Command Waveform aos = % =
- ¢/
U R P QF eedback v
................... T LLITT TP TP ERPIT T, T Lhr. LXTETTTEEPEN
— 408 :
Conditioning Analysis
409

Sequence
Generation
- Displacement 4
* Sinuseidal
* Arbitrary

- Flow
* Sinusoidal
* Arbitrary

- Press, Temp,
02, CO2 N3

* Ramp

* Constant
il
”I['

'I’I

Process-

based

Adjustment

Slow Loop

(/
Ill’ll

-PseudoMateriat

Properties
(Dynamic& Static K

and Damping Ceefficient
from Load/Displacement

Data)

- Cell Growth Rate
(Based on O3, CO2, N2,
Temp, Pressure Servo-
control Corrections)

Logic and Decision Making
410

-Heuristic Selection of

Predetermined Conditioning

Sequences

-Modification of bioreactor
inputs based on formulas er

thearies




U.S. Patent Aug. 12, 2008 Sheet 5 of 9 US 7,410,792 B2

Figure 4
TEMP Response

Figure 4A- Early in Conditioning Process
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Figure 5
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Figure 6
Servocontrolled Bioreactor
with Process-Based Adjustment
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Figure 7
Soft Clamp Detail
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Figure 8
Possible Algorithm
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INSTRUMENTED BIOREACTOR WITH
MATERIAL PROPERTY MEASUREMENT
CAPABILITY AND PROCESS-BASED
ADJUSTMENT FOR CONDITIONING TISSUE
ENGINEERED MEDICAL PRODUCTS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/504,049, filed Sep. 19, 2003, the
entire specification of which is incorporated by reference
herein in its entirety.

This application is related to U.S. patent application Ser.
No. 10/371,175, filed Feb. 19, 2003, Provisional Patent
Application Ser. No. 60/429,583, filed Nov. 27, 2002, Provi-
sional Patent Application Ser. No. 60/364,500, and PCT
Application Ser. No. PCT/US03/08197, the entire specifica-
tions of which are all incorporated by reference in their
entirety.

FIELD OF THE INVENTION

This disclosure relates to method and apparatus for grow-
ing and conditioning orthopedic tissue engineered medical
products and in particular to method and apparatus for an
instrumented and servocontrolled bioreactor with material
property measurement capability and process-based adjust-
ment for conditioning tissue engineered medical products
(TEMPs).

BACKGROUND

Tissue engineering is a rapidly growing area that seeks to
create, repair and/or replace tissues and organs by using com-
binations of cells, biomaterials, and/or biologically active
molecules. It is an interdisciplinary field that integrates
aspects of engineering, and other quantitative sciences, with
biology and medicine. Research and technology development
in tissue engineering promises to revolutionize current meth-
ods of health care treatment and significantly improve the
quality of life for millions of patients. As one indication of the
scope of the problem that tissue engineering addresses,
worldwide organ replacement therapies utilizing standard
organo-metallic devices consume 8 percent of medical spend-
ing, or approximately $350 billion per year. Organ transplan-
tation is another option for replacing damaged or diseased
tissue, but one that is severely limited by donor availability.
Tissue-engineered products hold the promise for true func-
tional replacement at affordable cost. However, despite early
successes, few functional tissue engineered products are cur-
rently available for clinical use.

Researchers have sought to develop living alternatives to
traditional “man-made” medical devices. These tissue engi-
neered medical products (TEMPs) use the patients own cells
to create a replacement device that can be nurtured and grown
once they are implanted. Through design, specification, and
fabrication of cells, biomaterials, or biomolecules, it is hoped
that TEMPs will play a major role in many future surgeries. In
the orthopedic area considerable energy is being expended on
the development of tissue engineered ligaments, tendons,
cartilage or meniscus replacements. Likewise, similar efforts
are being made to develop new replacements for heart valves,
arteries, heart muscle tissue and venous valves. Tissue engi-
neered replacements for secretory organs such as the liver,
kidney and skin also hold great promise for future therapies.
Tissue engineered skin replacements are already available
and are dramatically improving the outcomes for burn victims
and cosmetic therapy.
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2

There is a need in the art for method and apparatus for
growing and conditioning tissue engineered orthopedic and
medical products.

SUMMARY

The present invention addresses the need in the art for
method and apparatus for growing and conditioning tissue
and other needs which will be appreciated by those of skill in
the art upon reading and understanding the teachings of the
present invention.

The present subject matter relates to a bioreactor for con-
ditioning tissue in various embodiments including a bioreac-
tor chamber, the bioreactor chamber including at least one
clamp for holding the tissue, at least one means of linear,
rotary, shear, pressure, flow, or thermal actuation to the tissue
or tissue environment; and microprocessor real-time control
means for measuring and controlling the applied actuation
condition and for measuring the response of the TEMP,
wherein the microprocessor control means provides analysis
of'the tissue material properties and other cell growth rate and
subsequent process-based adjustment of the actuation condi-
tions based upon the tissue material properties and growth
properties, as described in the detailed description and recited
in the claims.

This Summary is an overview of some of the teachings of
the present application and not intended to be an exclusive or
exhaustive treatment of the present subject matter. Further
details about the present subject matter are found in the
detailed description and appended claims. Other aspects of
the invention will be apparent to persons skilled in the art
upon reading and understanding the following detailed
description and viewing the drawings that form a part thereof,
each of which are not to be taken in a limiting sense. The
scope of the present invention is defined by the appended
claims and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is one embodiment of a microprocessor servocon-
trolled bioreactor according to one embodiment of the present
subject matter. In one application of this embodiment, which
is not exclusive or limiting, it conditions orthopedic TEMPs.

FIG. 2 is a functional diagram of the microprocessor ser-
vocontrolled bioreactor system shown in FIG. 1 according to
one embodiment of the present subject matter.

FIGS. 3A and 3B show a functional diagram showing the
control, measurement, analysis and process-based correction
according to one embodiment of the present subject matter.

FIG. 4A shows a plot demonstrating one example of axial
load versus applied strain for an orthopedic TEMP early in a
mechanical conditioning process according to one embodi-
ment of the present subject matter.

FIG. 4B shows a plot demonstrating one example of axial
load versus applied strain for an orthopedic TEMP late in a
mechanical conditioning process according to one embodi-
ment of the present subject matter.

FIG. 5 is a functional diagram of a bioreactor system with
multiple means of actuation and multiple bioreactor cham-
bers according to one embodiment of the present subject
matter.

FIG. 6 shows a functional diagram showing the control,
measurement, analysis and process-based correction for the
embodiment of the bioreactor shown in FIG. 5, according to
one embodiment of the present subject matter.


















