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(57) ABSTRACT

Aninjectable tissue engineered cartilage in vitro construction
apparatus, comprising an incubator (1), a centrifugal device
arranged in the incubator (1), and a control system for con-
trolling a temperature in the incubator (1) and an action of the
centrifugal device. The centrifugal device comprises a cen-
trifuge, a container base (2) mounted onto the centrifuge, a
dosing system for adding preparation reagent, and a stirring
system for stirring the reagent. With a controller (17) and a pH
sensor (16), a measured pH value will be transmitted by the
pH sensor (16) to the controller (17) in real time. The con-
troller (17) controls an action of a driving mechanism via a
control module II (21), to drive a piston rod to add NaOH
solution into a container tank (6). When the pH value of the
solution falls in a predetermined range, the driving mecha-
nism is stopped, to precisely control the pH value of the
solution. With the stirring system and the centrifugal device,
the solution can be stirred and centrifuged as desired, to
eventually in vitro construct an injectable tissue engineered
cartilage. This relief the burden of the medical staff and
improve production efficiency.
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INJECTABLE TISSUE ENGINEERED
CARTILAGE IN VITRO CONSTRUCTION
APPARATUS

FIELD OF INVENTION

[0001] The present invention relates to an apparatus to con-
struct cartilage in vitro by using type Il collagen. In particular,
the present invention relates to an injectable tissue engineered
cartilage in vitro construction apparatus. The prepared inject-
able tissue-engineered cartilage is mainly used for treatment
of cartilage injuries.

BACKGROUND

[0002] The cartilage defects at joints caused by trauma or
osteopathia are common clinical diseases, which severely
affect the life quality of the patients, and have become one of
the main reasons of physical disabilities. In US, the incidence
rate is 1.5%0-3%o; while in China, the incidence rate is about
5-6 times of US and is rising gradually year by year. Joint
cartilage belongs to hyaline cartilage, which lacks of neu-
rovascular nutrition and is hard to self-heal. Current clinical
treatment measures all have substantial deficiencies. For
instance, conservative therapy and joint debridement can only
temporarily relief the pain, but cannot stop the disease
progress. Autologous osteochondral transplantation can lead
to donor site damage, and has difficulty to repair larger area
defect due to limited source. Allograft osteochondral trans-
plantation may have the possibility of immunological rejec-
tion and disease spreading. Artificial joint replacement is
rather expensive, may lead to more complications, has higher
revision rate, and especially has big physical and mental
effects and heavy financial burden on the young patients.
[0003] Emerge and rapid development of tissue engineer-
ing provide a new technology for regenerative repair of joint
cartilage. Three-dimensional scaffold provided by tissue
engineering scaffold material for constructing cell of the tis-
sue facilitates cell adhesion, cell proliferation and cell differ-
entiation, which provides suitable external environment for
cell growth. In tissue engineering, the scaffold material acts
as extracellular matrix, and simulates structure and function
of extracellular matrix. The scaffold material not only pro-
vides support to keep the shape of original tissue, but also acts
as a templet to provide a site for cells to board, grow, differ-
entiate and proliferate, so as to guide the impaired tissues to
regenerate and to control structure of the regenerated tissues.
[0004] The prepared type II collagen, upon mixed with
hydrochloric acid solution, will be sealed and packaged for
store. When needed, the type II collagen-hydrochloric acid
solution is first to be neutralized, and then the prepared
BMSCs will be moved into the type 11 collagen-hydrochloric
acid solution, which upon fully mixed, centrifuged to remove
bubbles, will be suctioned into a vacuum needle for use.
Currently, there is no special in vitro construction apparatus
for injectable tissue engineered cartilage available, and such
apparatus is manually prepared by medical staff, which adds
burden to the medical staff. Further, the prepared injectable
tissue engineered cartilage has low acceptability, causing
unnecessary waste of material.

SUMMARY

[0005] In view of above, the present invention intends to
provide an in vitro construction apparatus for injectable tissue
engineered cartilage. The apparatus can perform in vitro con-
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struction of an injectable tissue engineered cartilage, so as to
relief the burden of the medical staff and to improve effi-
ciency.

[0006] In order to achieve the above objective, the present
invention provides the following technical solutions:

[0007] An in vitro construction apparatus for injectable
tissue engineered cartilage, comprising: an incubator, a cen-
trifugal device arranged in the incubator, and a control system
for controlling temperature in the incubator and action of the
centrifugal device. The centrifugal device comprises a cen-
trifuge, a container base mounted on the centrifuge, a dosing
system for adding a preparation of reagents, and a stirring
system for stirring the reagents.

[0008] The centrifuge comprises a bottom base and a plate
fitted with the container base. The bottom base is arranged
with a motor for rotating the plate thereon.

[0009] The container base is provided with a container
tank. The stirring system comprises an upper base positioned
above the container base. A stirring rod extends from the
bottom surface of the upper base to align with the container
tank. A driving device is arranged between the upper base and
the bottom base for driving the upper base to move up and
down.

[0010] The dosing system comprises a reagent tank posi-
tioned on the upper base for containing the preparation of
reagent, a piston rod cooperated with the reagent tank, and a
driving mechanism for driving the piston rod to move. A
dosing channel is arranged between the reagent tank and the
container tank, with a control valve I thereon.

[0011] The container base has a receiving device therein,
which includes an aseptic injector fixed in the container base.
A receiving channel is arranged between the aseptic injector
and the container tank, with a control valve II thereon.
[0012] The container tank has a PH sensor for detecting PH
value of the reagent.

[0013] The control system comprises a controller, a timer/
timers connected with the controller for counting time, a
temperature sensor for measuring the temperature in the incu-
bator, a motor drive circuit for controlling motor action, a
control module I for controlling lifting action of the driving
device and a control module II for controlling the driving
mechanism action. The incubator has a temperature control
output system therein. The controller connects with the PH
sensor, the control valve 1, the control valve II and the tem-
perature control output system, respectively. The controller
receives a signal representing PH value of the reagent mea-
sured by the PH sensor and sends a control command to the
control module II and the control valve 1.

[0014] Yet, the driving device comprises a guiding rod
arranged between the upper base and the bottom base, and a
cylinder for driving the guiding rod to have fore and aft
motion. The cylinder has an electromagnetic directional valve
onits gas path, and the control module I is connected with the
electromagnetic directional valve.

[0015] Yet, the dosing channel includes dosing channel(s)
positioned on the upper base corresponding to respective
reagent tanks and dosing channel(s) I arranged in the stirring
rod and respectively connected with the dosing channel(s) I.

[0016] Yet, the control valve I is arranged on the dosing
channel(s) 1.
[0017] Yet, the driving mechanism comprises a servo

motor, a screw rod that rotates under the drive of the servo
motor and parallels to the piston rod, and a screw sleeve
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sleeved on the screw rod. The screw sleeve is fixedly con-
nected with the piston rod. The control module 11 is connected
with the servo motor.

[0018] Yet, the stirring rod has a stirring blade thereon.
[0019] Yet, the reagent tank has a displacement sensor for
detecting position of the piston rod.

Technical Effects

[0020] The present invention provides an injectable tissue
engineered cartilage in vitro construction apparatus. With the
provided centrifugal device, the container base can be driven
to achieve high speed centrifugal rotation under the action of
the centrifuge. With the provided stirring system, the stirring
rod will be inserted into the container tank when stirring is
needed, and at the same time the centrifuge will be controlled
to rotate at a low speed, to perform stirring. With the provided
dosing system, the required reagent can be quantitatively
added into the container tank during preparation, by having
the required reagent in the reagent tank.

[0021] By providing the control system, the controller
sends control command to the temperature control output
system of the incubator with the temperature signal of the
temperature sensor, so that the temperature in the incubator
can always satisfy requirements of preparation. The motor
drive circuit can control the motor to switch on/switch off, as
well as the rotation rate and rotation time. The control module
1 controls the driving device to lift up and down, so as to stir
the solution or centrifuge the solution if desired. The PH
sensor will measure the PH value of the reagent and send such
signal to the controller in real time. The controller controls the
motion of the control valve I and controls the motion of the
driving mechanism via the control module II, to add reagent
into the container tank or stop adding reagent into the con-
tainer tank, to ensure that the PH value of the reagent will
eventually fall in a predetermined range, so as to precisely
control the PH value.

[0022] In view of above, the injectable tissue engineered
cartilage in vitro construction apparatus of the present inven-
tion can be able to automatically perform in vitro construction
of'the injectable tissue engineered cartilage, so as to relief the
burden of the medical staff and to improve production effi-
ciency. Also, the quality of the resulting injectable tissue
engineered cartilage can be effectively guaranteed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Inorderto have the objective, the technical solutions
and technical effects of the present invention more clear,
detailed description is provided in connection with the draw-
ings as follows.

[0024] FIG.1isaschematic view of an in vitro construction
apparatus for an injectable tissue engineered cartilage accord-
ing to one embodiment of the present invention.

[0025] FIG. 2 is a block diagram to illustrate control prin-
ciples.
[0026] FIG. 3 is a cross sectional view of a stirring rod.

REFERENCE NUMERALS ARE LISTED AS
FOLLOWS

[0027] 1—incubator; 2—container base; 3—bottom base;
4—plate; 5—motor, 6—container tank; 7—upper base;
8—stirring rod; 9—reagent tank; 10—piston rod; 11—dos-
ing channel; 11a—dosing channel II; 12—control valve I;
13—aseptic injector; 14—receiving channel; 15—control
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valve II; 16—PH sensor; 17—controller; 18—temperature
sensor; 19—motor drive circuit; 20—control module I;
21——control module II; 22—temperature control output sys-
tem; 23—timer; 24—guiding rod; 25—servo motor,
26—screw rod; 27—screw sleeve, 28—displacement sensor.

DETAILED DESCRIPTION

[0028] In connection with the accompanying drawings,
preferred embodiments will be described in detail.

[0029] FIG. 1 shows a schematic view of an in vitro con-
struction apparatus for an injectable tissue engineered carti-
lage according to one embodiment of the present invention. In
this embodiment, the in vitro construction apparatus for
injectable tissue engineered cartilage comprises an incubator
1, a centrifugal device in the incubator 1, and a control system
for controlling the temperature in the incubator 1 and motion
of the centrifugal device. The centrifugal device includes a
centrifuge, a container base 2 mounted on the centrifuge, a
dosing system for adding a preparation of reagent(s), and a
stirring system for stirring the reagent(s). The centrifuge
comprises a bottom base 3 and a plate 4 fitted with the con-
tainer base 2. The bottom base 3 is provided with a motor 5 for
driving the plate 4 to rotate.

[0030] The container base 2 is provided with a container
tank 6. The stirring system comprises an upper base 7 posi-
tioned above the container base 2. A stirring rod 8 that aligns
with the container tank 6 extends from the upper base 7. A
driving device is arranged between the upper base 7 and the
bottom base 3 for driving the upper base 7 to move up and
down. By driving the upper base 7 to move up and down, the
stirring rod 8 can insert into or exit from the container tank 6.
Preferably, the stirring rod 8 has a stirring blade, to enhance
stirring effects.

[0031] The dosing system includes a reagent tank 9 posi-
tioned on the upper base 7 for containing preparation of
reagents, a piston rod 10 cooperated with the reagent tank 9,
and a driving mechanism for driving the piston rod 10 to
move. A dosing channel 11 is arranged between the reagent
tank 9 and the container tank 6, with a control valve I 12
thereon. By opening/closing the control valve 1 12, reagents
stored in different reagent tanks 9 can be added to the con-
tainer tank 6. Further, by controlling the displacement dis-
tance of the piston rod 10, the amount of the reagents to be
added can be precisely controlled.

[0032] The container base 3 has a receiving device therein,
which includes an aseptic injector 13 fixedly mounted in the
container base 3. A receiving channel 14 is provided between
the aseptic injector 13 and the container tank 6, with a control
valve II 15 thereon. When opening the control valve 1I 15,
under centrifugal force, the reagents in the container tank 6
will be injected into the aseptic injector 13 for use via the
receiving channel 14.

[0033] The container tank 6 has a PH sensor 16 therein, for
detecting PH value of the reagents. With the PH sensor 16, the
PH value of the reagents in the container tank 6 can be
precisely measured, and a signal of the PH value will be fed
back to the controller 17.

[0034] The control system comprises the controller 17, tim-
er(s) 23 connected with the controller 17 for counting the
time, a temperature sensor 18 for measuring the temperature
in the incubator 1, a motor drive circuit 19 for controlling
motion of the motor 5, a control module I 20 for controlling
the driving device for lifting up and down, and a control
module II 21 for controlling motion of the driving mecha-
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nism. The incubator 1 has a temperature control output sys-
tem 22 therein. The controller 17 is connected with the PH
sensor 16, the control valve 1 12, the control valve II 15 and
the temperature control output system 22, respectively. The
controller 17 receives a signal of PH value of the reagents
measured by the PH sensor 6 and sends a control command to
the control module II 21 and the control valve I 12. The
timer(s) 23 can control the motor 5 and the driving device the
time for motion, so that the apparatus will act based on the
preset time procedure.

[0035] The driving device of this embodiment comprises a
guiding rod 24 arranged between the upper base 7 and the
bottom base 3, and a cylinder used for driving the guiding rod
24 to have fore and aft motion. An electromagnetic directional
valve is provided on a gas path of the cylinder. The control
module 120 is connected with the electromagnetic directional
valve. By controlling the electromagnetic directional valve,
the guiding rod 24 can drive the upper base 7 to move up and
down.

[0036] The dosing channel 11 includes dosing channels I
11a in the upper base 7 corresponding to respective reagent
tanks 9, and dosing channels II 11q in the stirring rod 8 and
connected with the dosing channels I. Configuring the dosing
channels II 114 in the stirring rod 8 can simplify the structure
and can use the stirring rod 8 to add reagents into the con-
tainer. Preferably, the control valve 1 12 is disposed on the
dosing channels 1.

[0037] Thedriving mechanism comprises a servo motor 25,
a screw rod 26 that rotates under driven by the servo motor 25
and in parallel to the piston rod 10, and a screw sleeve 27
sleeved onto the screw rod 26. The screw sleeve 27 is fixedly
connected with the piston rod 10 via a connecting rod. The
control module II 21 is connected with the servo motor 25.
That is, the control module II 21 is a servo motor drive
module. Controlling the servo motor 25 can drive the piston
rod 10 to act and add reagents into the container tank 6.
Preferably, a reagent tank 9 is provided with a displacement
sensor 28 for detecting position of the piston rod 10. The
displacement sensor 28 allows quantitative measurement of
the amount of the reagents added into the container tank 6.
Further, the displacement sensor 28, together with the PH
sensor 16, can achieve a closed-loop control system for the
servo motor 25.

[0038] The injectable tissue engineered cartilage in vitro
construction apparatus of this embodiment has a centrifugal
device. With the centrifuge, the container base 3 can be driven
to have high speed centrifugal rotation. With the stirring
system, the stirring rod 8 will insert into the container tank 6
when stirring is needed, and at the same time the centrifuge
will be controlled to rotate at a low speed, to achieve stirring.
With the dosing system, the required reagents can be quanti-
tatively added into the container tank 6 during preparation, by
storing the required reagents in the reagent tanks 9.

[0039] With the control system, the controller sends a con-
trol command to the temperature control output system 22 of
the incubator 1 through a temperature signal of the tempera-
ture sensor 18, so that the temperature in the incubator 1 can
always satisfy preparation requirements. The motor drive
circuit 19 can control the motor 5 to switch on/switch off, and
also can control the rotation rate and rotation time etc. The
control module I 20 controls the drive device to move up and
down, to stir the solution or centrifuge the solution if desired.
The PH sensor 16 sends the signal of measured PH value of
the reagent to the controller 17 in real time. The controller 17
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controls the action of the control valve I 12 and controls the
action of the driving mechanism via the control module 11 21,
to add reagents into the container tank 6 or to stop adding
reagents into the container tank 6, so as to ensure that the PH
value of the reagent eventually falls into the predetermined
range, to precisely control PH value.

[0040] In view of above, the injectable tissue engineered
cartilage in vitro construction apparatus of this embodiment
is able to automatically perform in vitro construction of the
injectable tissue engineered cartilage, to relief the burden of
the medical staft and to improve production efficiency. Also,
the quality of the resulting injectable tissue engineered carti-
lage can be guaranteed.

[0041] In particular, a method for in vitro constructing an
injectable tissue engineered cartilage using the injectable tis-
sue engineered cartilage in vitro construction apparatus of
this embodiment is provided as follows:

[0042] 1) Setting the temperature in the incubator to 0-4°
C., placing 20 mg/ml of quantitative and seal-packed col-
lagen-hydrochloric acid solution into the container tank 6,
and placing 1.5 mol/l. NaOH solution and centrifuged
BMSC:s solution into respective reagent tanks 9;

[0043] 2)controlling the upper base 7 to move downward to
allow the stirring rod 8 to go deep into the container; control-
ling the centrifuge to slowly rotate at a predetermined speed;
controlling the control valve 112 associated with the reagent
tank 9 containing 1.5 mol/[. NaOH solution to turn on; and
controlling the piston rod 10 in the reagent tank 9 to move, to
inject 1.5 mol/I. NaOH solution into the container tank 6, to
neutralize the collagen-hydrochloric acid solution; the PH
sensor 16 transmitting a signal of the measured PH value of
the solution in the container tank 6 to the controller 17 in real
time, the controller 17 then sends a control command to the
driving mechanism via control module II 21; when the PH
value of the solution falls within the predetermined range of
0.2-7.5, the driving mechanism will be stopped and the asso-
ciated control valve I 12 will be closed; upon neutralization,
the solution has an ion concentration that matches saline; just
to be sure, a displacement sensor 28 is further arranged in the
reagent tank 9, to measure the amount of the reagents injected
into the container tank 6.

[0044] 3) controlling the control valve I 12 associated with
the reagent tank 9 containing BMSCs solution to turn on;
injecting quantitative BMSCs solution into the container tank
6; upon stirring well and having the stirring rod 7 to exit from
the container, controlling the centrifuge to rotate at high speed
to centrifugally remove bubbles and to obtain injectable tis-
sue engineered cartilage. The injectable tissue engineered
cartilage will be gelatinized under certain temperature, to
repair cartilage injuries.

[0045] 4) controlling the upper base 7 to move upward to
allow the stirring rod 8 to exit out of the container tank 6;
turning on the control valve II 15 and controlling the centri-
fuge to rotate at high speed; using centrifugal force to inject
the injectable tissue engineered cartilage into the aseptic
injector 13 for use.

[0046] In addition, a method for preparing the collagen-
hydrochloric acid solution is as follows:

[0047] 1) Under room temperature and sterile condition,
cutting a knee joint cartilage from a fresh swine thighbone
with a surgical knife, and temporarily storing the obtained
knee joint cartilage in saline;

[0048] 2) placing the cleaned cartilage slice in a low tem-
perature freeze dryer for freeze-drying, using a low tempera-
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ture pulverizer for smashing after moisture is fully removed,
and weighing the cartilage microparticles;

[0049] 3) placing the smashed cartilage in a container and
injecting 75% medical alcohol with a volume that is 5 times
the volume of the cartilage into the container; disinfecting the
smashed cartilage for 24 h under 4° C. and sterile environ-
ment, and then using the centrifuge to centrifuge the solution
at a speed of 8000 rpm for 20 min; removing the supernatant
after precipitation, and using double distilled water to fully
wash the retained precipitate;

[0050] 4) injecting 4 mol/L. guanidine hydrochloride solu-
tion with a volume that is 10 times the volume of the precipi-
tate obtained from step 3) into the container; mixing and
suspending the precipitate and the guanidine hydrochloride
solution to obtain a suspension; stirring the suspension for 24
h, using the centrifuge to centrifuge the suspension at a speed
of 8000 rpm for 20 min; removing the supernatant upon
precipitation, and using 0.05 mol/L. Tris-HCI buffer and 0.5
mol/L. glacial acetic acid to fully wash the retained precipi-
tate;

[0051] 5) injecting 1 g/L. pepsin-glacial acetic acid digest
solution with a volume that is 5 times the volume of the
precipitate obtained from step 4) into the container; stirring
the resulting solution for 48 h; using the centrifuge to centri-
fuge the solution at a speed of 8000 rpm for 20 min; collecting
supernatant upon precipitation; in which digest solution can
be continuously added into the precipitate for digestion for 24
h and then removing supernatant;

[0052] 6) injecting 2 mol/l. NaOH into the container to
quickly adjust PH value of the solution to 7.5; adding NaCl to
allow the resulting solution to have a final concentration of 3
mol/L; salting out overnight under 4° C. and sterile environ-
ment; using the centrifuge to centrifuge the solution at a speed
of 8000 rpm for 20 min; removing the supernatant upon
precipitation, and retaining the precipitate;

[0053] 7) continuously injecting triple distilled water into
the container for dialyzing; centrifuging the solution for 20
min at a speed of 8000 rpm; and retaining precipitate, to
obtain collagen;

[0054] 8) weighing and quantifying, sterility testing, pro-
tein electrophoresing and amino acid analyzing the extracted
collagen;

[0055] 9) upon verifying that the resulting collagen is ster-
ile, dissolving the resulting collagen in 0.15 mol/L. HCI, to
obtain collagen hydrochloric acid solution with a concentra-
tion of 20 mg/ml, and then seal-packed in tube for storing.

[0056] BMSCs solution can be prepared with existing
methods, and thus no detailed description will be given.

[0057] The above preferred embodiments are intended to
illustrate and not intended to limit the present invention.
Although detailed description is provided to the present
invention by way of the above preferred embodiments, it is
understood that various modifications can be made in terms of
form and details, without departing from the scope of the
appended claims.

1. An injectable tissue engineered cartilage in vitro con-
struction apparatus, comprising:

an incubator;
a centrifugal device arranged in the incubator; and

a control system, for controlling a temperature in the incu-
bator and an action of the centrifugal device;
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wherein the centrifugal device comprises a centrifuge, a
container base mounted on the centrifuge, a dosing sys-
tem for adding preparation reagent, and a stirring system
for stirring the reagent;

wherein the centrifuge comprises a bottom base and a
rotatable plate cooperated with the container base; the
bottom base has a motor for driving the rotatable plate to
rotate;

wherein the container base has a container tank thereon;
the stirring system comprises an upper base positioned
above the container base; the upper base has a stirring
rod aligned with the container tank extending from the
bottom of the upper base; and, a driving device is
arranged between the upper base and the bottom base for
driving the upper base to move up and down;

wherein the dosing system comprises a reagent tank on top
surface of the upper base for containing preparation
reagent, a piston rod cooperated with the reagent tank,
and a driving mechanism for driving the piston rod to
move; a dosing channel is arranged between the reagent
tank and the container tank, with a control valve I
arranged thereon;

wherein the container base has a receiving device, which
comprises an aseptic injector fixing in the container
base; a receiving channel is arranged between the aseptic
injector and the container tank with a control valve 11
arranged thereon;

wherein the container tank has a PH sensor for detecting
PH value of the reagent; and

wherein the control system includes a controller, a timer
connected with the controller for counting time, a tem-
perature sensor for measuring the temperature in the
incubator, a motor drive circuit for controlling an action
of the motor, a control module I for controlling the
driving device to move up and down, and a control
module II for controlling an action of the driving mecha-
nism; wherein the incubator is provided with a tempera-
ture control output system therein; the controller is
respectively connected with the PH sensor, the control
valve I, the control valve II and the temperature control
output system; the controller receives a signal of PH
value of the reagent measured by the PH sensor and
sends a control command to the control module II and
the control valve I.

2. The injectable tissue engineered cartilage in vitro con-
struction apparatus according to claim 1, wherein: the driving
device comprises a guiding rod arranged between the upper
base and the bottom base and a cylinder for driving the guid-
ing rod to perform fore and aft motion; wherein an electro-
magnetic directional valve is arranged on a gas path of the
cylinder, and the control module I is connected with the
electromagnetic directional valve.

3. The injectable tissue engineered cartilage in vitro con-
struction apparatus according to claim 1 or 2, wherein: the
dosing channel comprises dosing channels I arranged in the
upper base corresponding to respective reagent tanks, and
dosing channels II arranged in the stirring rod and respec-
tively connected with the dosing channels I.

4. The injectable tissue engineered cartilage in vitro con-
struction apparatus according to claim 3, wherein: the control
valve I is arranged on the dosing channels 1.

5. The injectable tissue engineered cartilage in vitro con-
struction apparatus according to claim 1, wherein: the driving
mechanism comprises a servo motor, a screw rod rotating
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under driven by the servo motor and in parallel with the piston
rod, and a screw sleeve sleeved onto the screw rod, wherein
the screw sleeve and the piston rod are fixedly connected, and
the control module II is connected with the servo motor.

6. The injectable tissue engineered cartilage in vitro con-
struction apparatus according to claim 1, wherein: the stirring
rod has a stirring blade thereon.

7. The injectable tissue engineered cartilage in vitro con-
struction apparatus according to claim 1, wherein: the reagent
tank is provided with a displacement sensor for detecting
position of the piston rod.

#* #* #* #* #*
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