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Viable Stem Cells Are in the Injury Effusion Fluid and
Arthroscopic Byproducts From Knee Cruciate

Ligament Surgery: An In Vivo Analysis

Adam W. Anz, M.D., Eric A. Branch, M.D., John Rodriguez, M.D., Fellipo Chillemi, M.D.,

Jeremy R. Bruce, M.D., Matthew B. Murphy, Ph.D., Richard K. Suzuki, Ph.D., and
James R. Andrews, M.D.
Purpose: To examine the number of viable stem cells contained in the postinjury effusion fluid and the waste byproducts of
arthroscopic cruciate ligament surgery. Methods: This study included patients older than 18 years of age with acute (<5 weeks
old) cruciate ligament injuries requiring arthroscopic surgery. The postinjury effusion fluid (effusion fluid), fat pad and cruciate
ligament stump debridement tissue (byproduct tissue), and arthroscopic fluid collected during fat pad and/or stump debridement
(byproduct fluid) were collected at the time of surgery from 30 individuals. Specimens were analyzed, investigating cell viability,
nucleated cell counts, cell concentrations, colony-forming unit assays, and flow cytometry. Samples from the first 20 individuals
were collected in small specimen containers, and samples from the last 10 individuals were collected in larger specimen con-
tainers. Results: Cells of the injury effusion exhibited the greatest viability (86.4 � 1.31%) when compared with the small
volume harvest byproduct tissue (50.2 � 2.5%, P ¼ .0001), small volume harvest byproduct fluid (48.8 � 1.88%, P ¼ .0001),
large volume harvest byproduct tissue (70.1 � 5.6%, P ¼ .0001), and large volume harvest byproduct fluid (60.3 � 3.41%, P ¼
.0001). The culture analysis of fibroblast colony-forming units found on average 1916� 281 progenitor cells in the effusion fluid,
2488 � 778 progenitor cells in the byproduct tissue, and 2357 � 339 progenitor cells in the byproduct fluid. Flow cytometry
confirmed the presence of immature cells and the presence of cells with markers typically expressed by known stem cell pop-
ulations. Conclusions: Viable stem cells are mobilized to the postinjury effusion at the time of cruciate ligament injury and can
be found in the byproduct waste of cruciate ligament surgery. Clinical Relevance: The methodology around effusion fluid and
byproduct tissue capture during cruciate ligament surgery should be investigated further. Cell amounts available from these
tissues with current technologies are not sufficient for immediate evidence-based clinical application.
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end-stage cell lines (multipotentiality), the ability to
mobilize in situations of injury, and the ability to
monitor and/or affect an environment with the release
of growth factors, cytokines, chemokines, and
messenger RNA (paracrine functions).1-8 Although
initial focus was on multipotentiality, recent interest
has centered on paracrine function, mobilization, and
potential application on orthopaedics.9-16

Recent studies have investigated the application of
stem cells to facilitate graft incorporation in anterior
cruciate ligament (ACL) reconstruction.17-19 The authors
have advocated the harvest of stem cells from the fat pad
inside the knee joint to improve arthroscopic proced-
ures.20 Cells with stem capabilities reside in the syno-
vium of the joint, the fat pad, injured ACL stump tissue,
and in synovial fluid in the setting of arthritis.1-4,17,21-27

Synovial-derived stem cells, which have been har-
vested, expanded in culture, and injected into the joint
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Fig 1. Tissue collection involved (A) the arthroscopic trochar,
(B) a metal suction tube, and either (C) an 80-mL fluid
collection container or (D) a 1.9-L specimen container.
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after tissue injury, have shown encouraging results in
animal models involving the potential for cartilage and
meniscal regeneration.24,25,28

The most practical and cost-effective way to harvest and
clinically apply stem cells has not been established,
because these cells reside in many tissues and multiple
donor sites are available. Although the mobilization of
stem cells in instances of cardiac injury, skin injury, and
hypoxia has been established, the mobilization of stem
cells in the setting of an acute knee injury has not been
clarified.1-4 After knee injury, an effusion is common and
can produce pain. Some clinicians routinely aspirate and
discard the effusion in the clinic setting before surgery.
Similarly, cruciate ligament surgery creates tissue and fluid
byproducts consisting of synovial tissue, fat pad tissue, ACL
stump tissue, and arthroscopic fluid, which are discarded.
Orthopaedic clinicians have begun to use bone marrow
aspirate to augment the biology of healing, with studies
investigating the optimal methods of harvest.29-32 Addi-
tional interest has been focused on pharmaceutical and
environmental mobilization of stem cells from the bone
marrow to the blood stream,14,33,34 and new processing
disposables are under development that immediately
cause cells to preferentially release anti-inflammatory
proteins such as Interleukin 1 receptor antagonist and
soluble receptor for tumor necrosis factor-a.35

The purpose of this study was to examine the number
of viable stem cells contained in the effusion fluid and
the waste byproducts of arthroscopic cruciate ligament
surgery. If found in large quantities, stem cells har-
vested at the time of cruciate ligament surgery have the
potential to be applied clinically; alternatively, if found
in small quantities, stem cells combined with devel-
oping technologies around the preferential release of
anti-inflammatory proteins may also be of benefit. Our
hypothesis was 2-fold: (1) the cruciate injury knee
response involves mobilization of stem cells from the
synovium and fat pad to the synovial fluid as compo-
nents of an effusion and (2) the cruciate injury knee
effusion along with the byproducts of cruciate recon-
struction contains useful quantities of viable stem cells.

Methods

Participants
Institutional review board approval was obtained. Pa-

tients eligible for inclusion were male and female pa-
tients older than 18 years with acute (<5 weeks old)
cruciate ligament injuries. Enrollment was discussed
with patients presenting to the primary institution over a
period of 24 months requiring isolated ACL reconstruc-
tion, isolated posterior cruciate ligament (PCL) recon-
struction, and combined ACL/PCL reconstruction. The
exclusion criteria were as follows: time between injury
and surgery greater than 5 weeks, preoperative knee
aspiration of the injury effusion, any signs concerning for
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local or systemic infection, a history of immunosup-
pression, or a history of chronic steroid use. A total of 30
patients were chosen because previous studies regarding
stem cell quantification have found significance with
cohorts ranging in size from 5 to 15.31,33,34 A power
analysis was impossible to perform before the study
because the number of cells mobilized with knee injury
has not been previously evaluated, and the therapeutic
dosage of stem cell technologies has not been estab-
lished. After data collection in 20 patients, the study was
amended to add a large volume harvest method in 10
patients to see if the collection yield would improve. We
hypothesized that a method involving one large volume
container would capture stem cells more efficiently than
a method involving multiple small volume containers.
The study in bone marrow aspirate has found an effect
dependent on the volume of fluid involved in harvest.31

Tissue Collection
Tissue was collected intraoperatively at the time of

cruciate ligament surgery. On the first initiation of
intra-articular access, the knee effusion fluid was
collected. This involved an arthroscopic trocar, a metal
suction tube, an 80-mL fluid specimen container
(Medline, Mundelein, IL), and suction (Fig 1). The
byproduct tissue, including infrapatellar fat pad tissue
and cruciate stump tissue, was collected concomitantly
with byproduct fluid during the initial steps of cruciate
reconstruction. This involved the arthroscopic shaver
and either small volume harvest with multiple 80-mL
fluid specimen containers or large volume harvest
involving a single large 1.9-L specimen container
(VWR, Radnor, PA) (Fig 1). Tissue collection for the
first 20 patients involved small volume harvest, and
tissue collection for the last 10 patients involved large
volume harvest. The specimen containers were inter-
posed between the suction tubing and the suction
H ALABAMA from ClinicalKey.com by Elsevier on October 
sion. Copyright ©2021. Elsevier Inc. All rights reserved.
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generator (Neptune 2, Stryker, Kalamazoo, MI) at the
suction generator. The extent of tissue debridement was
limited to the typical amount for the arthroscopic
approach and visualization at the discretion of the
operating surgeon.
Tissue specimens were prepared for shipment to a

third-party laboratory facility. This involved following a
standard operating procedure provided by the labora-
tory facility. The sample volume and color were
collected at the time of packing of each sample. The
specimen containers were sealed with waterproof tape,
labeled, placed in a TheraPak biohazard bag (Therapak,
Buford, GA) with absorbent material, and sealed. The
specimen containers were placed in a foam-lined
shipping container with Phase 5 change panels (Cry-
opak, Edison, NJ), small blocks that contain a
special phase change polymer that freezes at 5�C
instead of 0�C.

Tissue Characterization

Volume, Viability, and Total Nucleated Cell
Counts. Tissue samples were analyzed after process-
ing in a tissue culture lab under a sterile biosafety
cabinet. For the small volume samples and for the knee
effusion fluid samples, the samples were filtered with a
70-mm cell strainer and collected into labeled 50-mL
sterile, conical tubes. For the large volume samples,
the most fluid from the large volume container was
first extracted into 250-mL sterile containers, and
then the remainder of the material was filtered
through 70-mm cell strainers. Fat pad tissue collected
in the strainers was placed in a separate sterile tube.
The volumes of all samples were recorded during the
process.
A collagenase enzyme (Vitacyte; Indianapolis, IN) was

heated to 37�C and added to the fat pad samples. The
fat pad samples were then placed in a 37�C rocker for
30 minutes. After digestion, the fluid was then passed
through a 40-mm cell strainer into a fresh 50-mL tube.
The samples were washed and centrifuged at 900 g for
5 minutes and resuspended in phosphate-buffered
saline. The samples were analyzed with an automated
cell counter (Nucleocounter Eppendorf/ChemoMetec,
Allerod, Denmark) to determine the number of total
nucleated cells and viability. The total cell concentration
was calculated by dividing the total nucleated cell count
by the collected sample volume. Cell viability was re-
ported as a percentage of total nucleated cells (%) by
the automated cell counter.

Culturing Methods
Colony-forming unit assays were performed to

quantify progenitor cell populations and document
multipotentiality of the progenitor cell population, that
is, the ability of cells to colonize as fibroblasts and
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chondrocytes. Colony-forming unit of fibroblast (CFU-
F) assays were performed by the following steps: dilu-
tion series of each cell preparation in culture medium
(ScienCell, Carlsbad, CA), plating onto appropriately
labeled 12-well plates, and incubation at 37�C, 5% CO2,
and 100% humidity. The medium was replaced every
3 days, and the plates were examined after 10 days.
Colony quantification was performed at the end of the
culture period by fixing the colonies and/or cells with
formaldehyde, staining the attached cells with Crystal
Violet, washing, and air-drying the plates. Visualization
and counting of the colonies was performed using a
“20-cell or above” cutoff for being counted as a colony.
Colony-forming unit of chondrocyte (CFU-C) assays

were performed identically to the CFU-F assay for the
first 10 days. After the 10th day, the cells were changed
to a chondrogenic medium (ScienCell). The medium
was replaced every 3 days, and the plates were exam-
ined after 20 days total. Colony quantification was
performed at the end of the culture period with the
following steps: aspirating the medium, washing
the colonies with phosphate-buffered saline, fixing the
colonies and/or cells with formaldehyde, staining the
attached cells with Alcian Blue, washing and/or stain-
ing with nuclear fast red stain, repeat washing, and air-
drying the plates. Visualization and counting of the
colonies was performed using a “20-cell or above”
cutoff for being counted as a colony. The concentration
of connective tissue progenitor cells was reported as the
number per 1.0 mL of aspirate.

Flow Cytometry
Flow cytometry was performed with a BD Accuri C6

flow cytometer (BD Biosciences, MD). The samples for
flow cytometry analysis were washed and then diluted
based on the sample concentration. The samples were
incubated for 30 minutes with a binding inhibitor
(eBiosciences, San Diego, CA) to block nonspecific
binding sites. The samples and compensation beads
(eBiosciences) were labeled and incubated for 30 mi-
nutes with antibodies for a Lineage panel, CD34,
CD146, and CD31 (Invitrogen, Carlsbad, CA). Isotype
control samples were simultaneously prepared with the
following isotypes: FITC Iso, PE Iso, PE-Cy7 Iso, and
APC Iso (Invitrogen). The samples were washed,
centrifuged, and then fixed with 10% formaldehyde.
The samples were then run and data collected.
Lineage-positive cells are a mixture of all cells

expressing mature cell lineage markers. Lineage-
negative cells are not stained by the lineage anti-
bodies, and immature cell populations with stem
potential are considered to be within the lineage-
negative population. CD34 is a hematopoetic stem cell
marker.36 CD146 is a marker found on perivascular
cells exhibiting stem cell function, that is, pericytes.37

CD31 is a marker for endothelial cells and immune
H ALABAMA from ClinicalKey.com by Elsevier on October 
sion. Copyright ©2021. Elsevier Inc. All rights reserved.



Table 1. Volume, Viability, and Total Nucleated Cell Counts

Sample Average Viability, % Average Total Nucleated Cells Average Nucleated Cell Concentration, cells/mL

Knee effusion 86.4 � 1.31 10.1 � 1.80 � 106 4.86 � 0.65 � 105

Byproduct tissue
Small 50.2 � 2.5 6.89 � 0.79 � 105 1.63 � 0.18 � 105

Large 70.1 � 5.6 5.93 � 1.86 � 105 2.49 � 0.77 � 104

Byproduct fluid
Small 48.8 � 1.88 2.68 � 0.26 � 106 1.81 � 0.18 � 104

Large 60.3 � 3.41 3.68 � 0.64 � 106 2.71 � 0.44 � 103

NOTE. This table captures viability and results of the automated cell counter (� standard deviation).
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cells.38 We also ran a panel selected for a scenario
where all of these markers were present in a manner
favorable to represent a stem cell population, that is, a
CD marker panel including lineage negative (Lin�),
CD146þ, CD31�, and CD34þ.
Data sets are reported as mean � 95% confidence

interval and the significance level was set at a proba-
bility value of less than .05. All data sets were checked
for normality of distribution using the Lilliefors test, and
an unpaired t-test was chosen to evaluate for statistical
significance between groups. All statistical calculations
were preformed using the Matlab computational
software.

Results

Patient Sample Characteristics
The study population included 22 male participants

and 8 female participants with an average age of 27 �
11 years, with a range of 18-57 years. The level of
participation included 8 recreational athletes, 8 colle-
giate athletes, 7 professional athletes, and 7 high school
athletes. Injuries included 23 isolated ACL injuries, 4
combined ACL and meniscus injuries, 2 combined ACL
and medial collateral ligament injuries, and 1 combined
ACL, medial collateral ligament, and PCL injury. Fluid
color at the time of collection was amber in 12 cases, red
in 12 cases, yellow in 4 cases, and white in 1 case. Fluid
color was not recorded for one sample. The average
volume of effusion fluid collected was 21 � 13 mL, with
a range of 1 to 45 mL. The small volume harvest
method averaged 174 � 51.8 mL, with a range of 54 to
267 mL. The large volume harvest method averaged
939 � 392 mL, with a range of 500 to 1893 mL.

Volume, Viability, and Total Nucleated Cell Counts
Table 1 presents the viability, average total nucleated

cells, and average nucleated cell concentration of the
effusion fluid, byproduct tissue, and byproduct fluid.
Comparing the viability of the byproduct tissue with the
byproduct fluid, we found that there was a statistically
significant difference for the large volume harvest (P ¼
.0079), but no statistically significant difference for the
small volume harvest (P ¼ .3802). A comparison of the
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small volume harvest with the large volume harvest
showed better viability for the large volume harvest
(P ¼ .0001, P ¼ .001). The effusion fluid illustrated the
best viability when compared with the small volume
harvest for the byproduct tissue and byproduct fluid
(P ¼ .0001, P ¼ .0001), and when compared with the
large volume harvest for the byproduct tissue and
byproduct fluid (P ¼ .0001, P ¼ .0001). Comparing the
average total nucleated cells of the byproduct tissue and
byproduct fluid, we found that there were more cells in
the byproduct fluid than the byproduct tissue for the
small volume and large volume (P ¼ .0001, P ¼ .0001).
For byproduct fluid collection, a comparison of
the small volume harvest with the large volume
harvest showed more cells for the large volume harvest
(P ¼ .0021). For the byproduct tissue, a comparison of
the small volume with large volume harvest showed no
statistical difference (P ¼ .28). The effusion fluid illus-
trated the highest average total nucleated cells
when compared with the small volume harvest for
the byproduct tissue and byproduct fluid (P ¼ .0001,
P ¼ .0001), and when compared with the large volume
harvest for the byproduct tissue and byproduct fluid
(P ¼ .0001, P ¼ .0003). Comparing the average
nucleated cell concentration of the byproduct tissue and
byproduct fluid, we found statistically significantly
higher concentrations in the byproduct tissue for the
small volume and large volume harvests (P ¼ .0001,
P ¼ .0001). For the byproduct tissue, a comparison of
the small volume harvest with large volume
harvest showed more cells for the small volume harvest
(P ¼ .0001). For the byproduct fluid, a comparison of
the small volume with large volume harvest showed
more cells for the small volume harvest (P ¼ .0001).
The effusion fluid illustrated the highest average
nucleated cell concentration when compared with the
small volume harvest for the byproduct tissue and
byproduct fluid (P ¼ .0001, P ¼ .0001), and
when compared with the large volume harvest for
the byproduct tissue and byproduct fluid (P ¼ .0001,
P ¼ .0001). One of the knee effusion fluid samples did
not have sufficient cell numbers to run nucleated cell
analysis. One of the byproduct tissue samples did not
have sufficient cell numbers to run nucleated cell
H ALABAMA from ClinicalKey.com by Elsevier on October 
sion. Copyright ©2021. Elsevier Inc. All rights reserved.



Table 2. CFU-Fibroblast Assay

Sample CFU-F Total Count CFU-F Counts/mL

Knee effusion 1,916 � 281 135 � 22.6
Byproduct tissue

Small 2,488 � 778 429 � 99.8
Large 273 � 111 18 � 9.01

Byproduct fluid
Small 2,357 � 339 14 � 6.14
Large 515 � 157.4 0.39 � 0.34

NOTE. This table captures the results of the colony-forming unit of
fibroblast (CFU-F counts) assays (� standard deviation).

Table 3. CFU-Chondrocyte Assay

Sample CFU-C Total Count CFU-C Counts/mL

Knee effusion 2,436 � 629 146 � 40.5
Byproduct tissue
Small 499 � 118 215 � 85.2
Large 347 � 152 25 � 13.2

Byproduct fluid
Small 1,704 � 285 10 � 1.91
Large 501 � 115 0.37 � 0.08

NOTE. This table captures the results of the colony-forming unit of
chondrocyte (CFU-C counts) assays (� standard deviation).
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analysis or CFU-F assays. On the analysis of the large
volume harvest, 2 of the byproduct tissue samples did
not have enough cells to perform the analysis on them.

CFU-F Results
Table 2 shows the average CFU-F assay counts found

in the samples. Comparing the CFU-F total counts of
the effusion fluid with the byproduct tissue and
byproduct fluid methods with the small volume har-
vest, we found no statistically significant difference (P ¼
.1244, P ¼ .0555). A comparison of the small volume
harvest with the large volume harvest showed more
progenitor cells on the small volume harvests (P ¼
.0015, P ¼ .001). Comparing the CFU-F counts/mL of
the effusion fluid with the byproduct tissue and
byproduct fluid methods with the small volume har-
vest, we found higher counts in the byproduct tissue
and lower counts in the byproduct fluid (P ¼ .0001, P ¼
.0001). A comparison of the small volume harvest with
the large volume harvest showed more progenitor cells
on the small volume harvest (P ¼ .0001, P ¼ .0002).
One of the knee effusion fluid samples and one of the
byproduct fluid samples did not have sufficient
numbers to run an analysis. Two of the byproduct tissue
samples in the large volume harvest did not have
enough cells to perform the analysis on them.

CFU-C Results
Table 3 shows the average CFU-C assay counts in the

samples. Comparing the CFU-C total counts of the
effusion fluid with the byproduct tissue and byproduct
fluid methods with the small volume harvest, we found
higher counts in the effusion fluid (P ¼ .0012, P ¼
.067), although not statistically significant in the case of
the small volume harvest digest. A comparison of the
small volume harvest with the large volume harvest
showed no difference in the byproduct tissue and more
progenitor cells on the small volume harvest in the
byproduct fluid group (P ¼ .1443, P ¼ .0001).
Comparing the CFU-C counts/mL of the effusion fluid
with the byproduct tissue and byproduct fluid methods
with the small volume harvest, we found higher counts
in the byproduct tissue and lower counts in the
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byproduct fluid (P ¼ .0001, P ¼ .0001). A comparison
of the small volume harvest with the large volume
harvest showed more progenitor cells on the small
volume harvest (P ¼ .0007, P ¼ .0001). The CFU-F
assays were given priority when the number of cells
in a sample were limited, and if there were enough cells
remaining, then the CFU-C assay was performed. One
of the knee effusion fluid samples had high CFU-C
counts, which could not be calculated as the colonies
were too dense. Statistical comparison of the small
volume harvest method with the large volume harvest
method showed no significance.

Flow Cytometry Results
Table 4 reports the flow cytometry results. Priority

was given to providing enough cells from the samples
to perform the colony-forming unit assays, so a limited
number of samples were analyzed by flow cytometry.
None of the byproduct digest samples had sufficient
cells for flow cytometry.

Discussion
This study confirmed the presence of viable stem cells

in a postinjury knee effusion and in the waste
byproducts of cruciate ligament surgery, suggesting that
stem cells are mobilized to the synovial fluid with a
cruciate injury event and can be harvested at the time
of arthroscopic surgery. Cells of the injury effusion
exhibited the greatest viability, and we hypothesize that
these cells are mobilized from the synovium and fat
pad. The culture analysis of CFU-F found on average
1,916 � 281 progenitor cells in the effusion fluid, 2,488
� 778 progenitor cells in the byproduct tissue, and
2,357 � 339 progenitor cells in the byproduct fluid. The
harvest with a small volume container consistently
produced more colony-forming units than the harvest
with a large volume container. Flow cytometry
confirmed the presence of immature cells and the
presence of cells with markers typically expressed by
known stem cell populations.
When considering whether knee injury effusion fluid

and surgery byproduct tissue represents a useful source
for stem cells, it is important to compare other tissue
sources. Quantification studies evaluating bone marrow
H ALABAMA from ClinicalKey.com by Elsevier on October 
sion. Copyright ©2021. Elsevier Inc. All rights reserved.



Table 4. Flow Cytometry Results

Lineage Negative, % CD 146þ, % CD 31þ, % CD 34þ, % Stem Cell Panel, %

Knee effusion fluid (n ¼ 9) 83.0 � 9.28 6.6 � 5.22 86.1 � 16.2 2.3 � 1.11 0.14 � 0.03
Small volume byproduct fluid (n ¼ 5) 88.9 � 8.77 2.8 � 1.31 96.8 � 1.58 2.9 � 1.05 0.10 � 0.06
Large volume byproduct fluid (n ¼ 4) 96.0 � 2.74 1.7 � 1.67 98.1 � 1.76 2.1 � 2.16 0.16 � 0.28

NOTE. The first column shows the frequency of lineage-negative cells in the samples (� standard deviation). The second to fourth columns
show the frequency of other specific markers within the lineage-negative cell population (� standard deviation). CD34 is a hematopoietic stem
cell marker. CD146 is a marker found on perivascular cells exhibiting stem cell function, that is, pericytes. CD31 is a marker for endothelial cells
and immune cells. The Stem Cell Panel column represents a panel test investigating for a combination of markers most favorable to represent a
stem cell population, that is, a CD marker panel including lineage negative, CD146þ, CD31�, and CD34þ.
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aspirate are variable with estimates ranging from 1 stem
cell per mL of tissue collected to 300,000 stem cells per
mL of tissue.39 Lipoaspirate has also established vari-
ability with studies estimating 5,000 stem cells per mL
of tissue collected to 1,500,000 stem cells per mL of
tissue collected.39 This study found significant variation
in progenitor cell availability based on the individual
and the collection technique, suggesting that with the
current techniques and understanding it is not a useful
source. However, as technologies around cell manipu-
lation progress, this may become a useful source in the
future.
Although we theorized a greater harvest with a large

volume container, the harvest with a small volume
container consistently produced more colony-forming
units than harvest with a large volume container. This
may be attributed to the dilution effect of using a larger
harvest container. This phenomenon has been illus-
trated in the bone marrow aspiration technique, with
Hernigou et al.31 documenting the superior harvest of
progenitor cells with a small volume syringe technique
compared with a large volume syringe technique.
Two studies allow for direct comparison: Hernigou

et al.32 analyzed cell counts when treating a series of
patients with bone marrow aspirate from the iliac crest
for tibial nonunions, and Beitzel et al.30 analyzed cell
counts of bone marrow aspirate obtained from the
proximal humerus and distal tibia during arthroscopic
procedures. In the Hernigou et al.32 study, nucleated
cell counts varied from 1 to 24 million cells/mL, with a
mean of 18 � 7 million cells/mL. Similarly, Beitzel
et al.30 found an average of 30 � 16.7 million nucleated
cells/mL when aspirating bone marrow from the
proximal humerus and distal tibia. In our study, the
knee joint effusion fluid exhibited a nucleated cell
count of 486 � 179 thousand cells/mL. This reflects the
lower cell density of synovial fluid compared with bone
marrow. On CFU-F analysis, the Hernigou et al.32 study
found bone marrow aspirations averaged 612 � 134
progenitor cells/mL (range, 12-1,224 progenitor
cells/mL). Evaluating colony-forming units after culture
in an osteogenic medium, Beitzel et al.30 found on
average 766.3 � 545.3 progenitor cells/mL from bone
marrow aspirates. Our results, 135 � 22.6 progenitor
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cells/mL of effusion fluid and 429 � 99.8 progenitor
cells/mL of byproduct tissue, suggest that the effusion
fluid and byproduct tissue do not contain as dense a
population of cells with stem potential as bone marrow.
The number of cells that are necessary to produce a

therapeutic result for orthopaedic indications has not
been established. In the Hernigou et al.32 study
regarding the treatment of tibial nonunion with bone
marrow aspirate, the average number of stem cells
injected at the nonunion site in patients who healed
was approximately 55,000 � 17,000, and the average
number of stem cells injected in patients who did not
heal was 19,000 � 7,000. Other than this study, the
therapeutic dosage of stem cell technologies has little
evidence for clinical guidance. It is likely that, as studies
clarify effective stem cell counts, dosage will vary with
indication, and the methods and site of harvest will be
chosen based on the clinical need. Our results suggest
that approximately 1,900 progenitor cells are within the
effusion fluid after a cruciate ligament injury and
approximately 2,400 progenitor cells are available with
harvest and processing of the fat pad and stump
debridement tissue during cruciate ligament recon-
struction. At this time, we cannot advocate any im-
mediate clinical application of the cells from these
sources. However, the cells of the effusion fluid can be
concentrated at the time of surgery with simple density
gradient methods, and new processing disposables are
under development that immediately cause cells to
preferentially release anti-inflammatory proteins such
as interleukin 1 receptor antagonist and soluble recep-
tor for tumor necrosis factor-a.35 We theorize that an
autologous injection of these anti-inflammatory pro-
teins in the perioperative period would be beneficial.
Previous investigations have evaluated ACL stump

tissue including quantifications of stem cells and their
therapeutic potential.17-19 In an animal study, cells
cultured from ACL injury stump tissue have proven
effective in augmenting graft incorporation.18,19 Using
flow cytometry analysis to evaluate ACL injury tissue
from humans, Matsumoto et al.17 confirmed the pres-
ence of cells with the cell surface marker CD34, a
marker expressed by hematopoietic stem cells, and cells
with the cell surface marker CD146, a marker
H ALABAMA from ClinicalKey.com by Elsevier on October 
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expressed by perivascular stem cells. These cells showed
multipotentiality in vitro.17 The CD34þ cells prolifer-
ated more rapidly than the CD 146þ cells, and signifi-
cantly more stem cells were documented within injured
ACL tissue than noninjured ACL tissue.17 We identified
a significant population of immature cells, 83.0% to
96.9%, within the samples collected, represented by the
lineage negative populations. Of these immature cells,
2.1% to 2.9% were CD34þ and 1.7% to 6.6% were CD
146þ, whereas a majority 86.1% to 96.8% expressed
CD 31, a marker for endothelial cells and immune cells.
The high percentage of the lineage negative marker and
immune marker lead us to believe that the most of
these cells are immature immune cells. Although
cells with CD34 and/or CD 146 are consistent with
cells expressing stem potential, it is hard to know if cells
within the lineage negative that are CD 31 positive also
have stem potential. When interpreting flow cytometry
results, it is important to consider that cells change
expression of cell surface markers dependent on the
environmental niche that they occupy as well as after
culture.17,40

Limitations
This study is limited by a small sample size. It sought

to provide pilot data for a further analytical study of
harvest methods while confirming the presence and
viability of cells with stem potential within the effusion
fluid and waste fluid of cruciate surgery. A power
analysis was impossible to perform before the study
because the number of cells mobilized with knee injury
had not been previously evaluated, and the therapeutic
dosage of stem cell technologies had not been estab-
lished. When looking critically at the sample size, the
study was likely underpowered with regard to the small
volume harvest method compared with the large vol-
ume harvest method; therefore, conclusions between
the harvest methods may be susceptible to type II error.
In addition, some of the samples were not sufficient to
run all the tests due to the variability of the sample
harvest. A limitation of quantification studies involving
assays is that the number of CFU-F and CFU-C pro-
genitor cells present in a particular culture or the
average in an individual study is highly dependent on
the culturing techniques, conditions, and investigators’
definition of a colony. Further testing comparing the
effusion aspirate with bone marrow aspirate in the
same individuals would provide better comparison
data. This study sought to develop a methodology
around byproduct tissue capture. Lessons learned will
help us optimize and validate byproduct tissue capture
as a source for viable stem cells further.

Conclusions
Viable stem cells are mobilized to the postinjury

effusion at the time of cruciate ligament injury and can
Downloaded for Anonymous User (n/a) at UNIVERSITY OF SOUT
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be found in the byproduct waste tissue of cruciate lig-
ament surgery.

Acknowledgment
The authors thank Theodore T. Sand, Ph.D., for his

assistance with study design and Melissa A. Samano,
B.S., for tissue processing assistance.
References
1. Wang Y, Johnsen HE, Mortensen S, et al. Changes in

circulating mesenchymal stem cells, stem cell homing
factor, and vascular growth factors in patients with acute
ST elevation myocardial infarction treated with primary
percutaneous coronary intervention. Heart 2006;92:
768-774.

2. Mansilla E, Marín GH, Drago H, et al. Bloodstream cells
phenotypically identical to human mesenchymal bone
marrow stem cells circulate in large amounts under the
influence of acute large skin damage: New evidence for
their use in regenerative medicine. Transplant Proc
2006;38:967-969.

3. Rankin SM. Impact of bone marrow on respiratory dis-
ease. Curr Opin Pharmacol 2008;8:236-241.

4. Rochefort GY, Delorme B, Lopez A, et al. Multipotential
mesenchymal stem cells are mobilized into peripheral
blood by hypoxia. Stem Cells 2006;24:2202-2208.

5. Caplan AI. Mesenchymal stem cells. J Orthop Res 1991;9:
641-650.

6. Caplan AI. Adult mesenchymal stem cells for tissue en-
gineering versus regenerative medicine. J Cell Physiol
2007;213:341-347.

7. Murphy MB, Moncivais K, Caplan AI. Mesenchymal stem
cells: Environmentally responsive therapeutics for regen-
erative medicine. Exp Mol Med 2013;45:e54.

8. Ugarte F, Forsberg EC. Haematopoietic stem cell niches:
New insights inspire new questions. EMBO J 2013;32:
2535-2547.

9. Caplan AI, Correa D. PDGF in bone formation and
regeneration: New insights into a novel mechanism
involving MSCs. J Orthop Res 2011;29:1795-1803.

10. Gulotta LV, Kovacevic D, Packer JD, Deng XH, Rodeo SA.
Bone marrow-derived mesenchymal stem cells trans-
duced with scleraxis improve rotator cuff healing in a rat
model. Am J Sports Med 2011;39:1282-1289.

11. Horie M, Sekiya I, Muneta T, et al. Intra-articular injected
synovial stem cells differentiate into meniscal cells directly
and promote meniscal regeneration without mobilization
to distant organs in rat massive meniscal defect. Stem Cells
2009;27:878-887.

12. Zellner J, Mueller M, Berner A, et al. Role of mesen-
chymal stem cells in tissue engineering of meniscus.
J Biomed Mater Res A 2010;94:1150-1161.

13. Lee KB, Hui JH, Song IC, Ardany L, Lee EH. Injectable
mesenchymal stem cell therapy for large cartilage
defectsdA porcine model. Stem Cells 2007;25:2964-2971.

14. Saw KY, Anz A, Merican S, et al. Articular cartilage
regeneration with autologous peripheral blood progenitor
cells and hyaluronic acid after arthroscopic subchondral
H ALABAMA from ClinicalKey.com by Elsevier on October 
sion. Copyright ©2021. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0749-8063(16)30803-9/sref1
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref1
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref1
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref1
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref1
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref1
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref2
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref2
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref2
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref2
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref2
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref2
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref3
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref3
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref4
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref4
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref4
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref5
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref5
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref6
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref6
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref6
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref7
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref7
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref7
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref8
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref8
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref8
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref9
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref9
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref9
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref10
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref10
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref10
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref10
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref11
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref11
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref11
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref11
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref11
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref12
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref12
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref12
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref13
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref13
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref13
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref13
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref14
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref14
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref14


STEM CELLS MOBILIZED AFTER ACL INJURY 797
drilling: A report of 5 cases with histology. Arthroscopy
2011;27:493-506.

15. Caplan AI. New era of cell-based orthopedic therapies.
Tissue Eng Part B Rev 2009;15:195-200.

16. Cesselli D, Beltrami AP, Rigo S, et al. Multipotent pro-
genitor cells are present in human peripheral blood. Circ
Res 2009;104:1225-1234.

17. Matsumoto T, Ingham SM, Mifune Y, et al. Isolation and
characterization of human anterior cruciate ligament-
derived vascular stem cells. Stem Cells Dev 2012;21:859-872.

18. Mifune Y, Matsumoto T, Takayama K, et al. Tendon graft
revitalization using adult anterior cruciate ligament
(ACL)-derived CD34þ cell sheets for ACL reconstruction.
Biomaterials 2013;34:5476-5487.

19. Matsumoto T, Kubo S, Sasaki K, et al. Acceleration of
tendon-bone healing of anterior cruciate ligament graft
using autologous ruptured tissue. Am J Sports Med
2012;40:1296-1302.

20. Koh YG, Jo SB, Kwon OR, et al. Mesenchymal stem cell
injections improve symptoms of knee osteoarthritis.
Arthroscopy 2013;29:748-755.

21. Harvanová D, Tóthová T, Sari�sský M, Amrichová J,
Rosocha J. Isolation and characterization of synovial
mesenchymal stemcells.FoliaBiol (Praha)2011;57:119-124.

22. Kim MJ, Son MJ, Son MY, et al. Generation of human
induced pluripotent stem cells from osteoarthritis patient-
derived synovial cells. Arthritis Rheum 2011;63:3010-3021.

23. Koyama N, Okubo Y, Nakao K, Osawa K, Fujimura K,
Bessho K. Pluripotency of mesenchymal cells derived
from synovial fluid in patients with temporomandibular
joint disorder. Life Sci 2011;89:741-747.

24. Suzuki S, Muneta T, Tsuji K, et al. Properties and use-
fulness of aggregates of synovial mesenchymal stem cells
as a source for cartilage regeneration. Arthritis Res Ther
2012;14:R136.

25. Horie M, Driscoll MD, Sampson HW, et al. Implantation of
allogenic synovial stem cells promotes meniscal regener-
ation in a rabbit meniscal defect model. J Bone Joint Surg
Am 2012;94:701-712.

26. Sekiya I, Ojima M, Suzuki S, et al. Human mesenchymal
stem cells in synovial fluid increase in the knee with
degenerated cartilage and osteoarthritis. J Orthop Res
2012;30:943-949.

27. Zhu H, Jiang XX, Wu Y, et al. [Identification of mesen-
chymal stem cells derived from rheumatoid arthritis sy-
novial fluid and their regulatory effect on osteoblast
formation]. Zhongguo Shi Yan Xue Ye Xue Za Zhi 2009;17:
977-980 [in Chinese].

28. Hatsushika D, Muneta T, Nakamura T, et al. Repetitive
allogeneic intraarticular injections of synovial mesenchymal
Downloaded for Anonymous User (n/a) at UNIVERSITY OF SOUT
29, 2021. For personal use only. No other uses without permis
stem cells promote meniscus regeneration in a porcine
massive meniscus defect model. Osteoarthritis Cartilage
2014;22:941-950.

29. Beitzel K, McCarthy MB, Cote MP, et al. Rapid isolation of
human stem cells (connective progenitor cells) from the
distal femur during arthroscopic knee surgery. Arthroscopy
2012;28:74-84.

30. Beitzel K, McCarthy MB, Cote MP, et al. Comparison of
mesenchymal stem cells (osteoprogenitors) harvested
from proximal humerus and distal femur during arthro-
scopic surgery. Arthroscopy 2013;29:301-308.

31. Hernigou P, Homma Y, Flouzat Lachaniette CH, et al.
Benefits of small volume and small syringe for bone
marrow aspirations of mesenchymal stem cells. Int Orthop
2013;37:2279-2287.

32. Hernigou P, Poignard A, Beaujean F, Rouard H. Percuta-
neous autologous bone-marrow grafting for nonunions.
Influence of the number and concentration of progenitor
cells. J Bone Joint Surg Am 2005;87:1430-1437.

33. Chang E, Paterno J, Duscher D, et al. Exercise induces
stromal cell-derived factor-1alpha-mediated release of
endothelial progenitor cells with increased vasculogenic
function. Plast Reconstr Surg 2015;135:340e-350e.

34. Bonsignore MR, Morici G, Riccioni R, et al. Hemopoietic
and angiogenetic progenitors in healthy athletes: Different
responses to endurance and maximal exercise. J Appl
Physiol (1985) 2010;109:60-67.

35. O’Shaughnessey K, Matuska A, Hoeppner J, et al.
Autologous protein solution prepared from the blood of
osteoarthritic patients contains an enhanced profile of
anti-inflammatory cytokines and anabolic growth factors.
J Orthop Res 2014;32:1349-1355.

36. Katz FE, Tindle R, Sutherland DR, Greaves MF. Identifi-
cation of a membrane glycoprotein associated with hae-
mopoietic progenitor cells. Leuk Res 1985;9:191-198.

37. Crisan M, Yap S, Casteilla L, et al. A perivascular origin for
mesenchymal stem cells in multiple human organs. Cell
Stem Cell 2008;3:301-313.

38. Newman PJ, Berndt MC, Gorski J, et al. PECAM-1 (CD31)
cloning and relation to adhesion molecules of the
immunoglobulin gene superfamily. Science 1990;247:
1219-1222.

39. Vangsness CT, Sternberg H, Harris L. Umbilical cord tissue
offers the greatest number of harvestable mesenchymal
stem cells for research and clinical application: A literature
review of different harvest sites. Arthroscopy 2015;31:
1836-1843.

40. Ogawa M, LaRue AC, Mehrotra M. Hematopoietic stem
cells are pluripotent and not just “hematopoietic”. Blood
Cells Mol Dis 2013;51:3-8.
H ALABAMA from ClinicalKey.com by Elsevier on October 
sion. Copyright ©2021. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0749-8063(16)30803-9/sref14
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref14
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref15
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref15
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref16
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref16
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref16
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref17
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref17
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref17
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref18
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref18
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref18
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref18
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref18
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref19
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref19
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref19
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref19
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref20
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref20
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref20
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref21
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref21
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref21
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref21
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref22
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref22
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref22
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref23
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref23
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref23
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref23
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref24
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref24
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref24
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref24
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref25
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref25
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref25
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref25
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref26
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref26
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref26
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref26
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref27
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref27
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref27
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref27
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref27
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref28
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref28
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref28
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref28
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref28
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref29
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref29
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref29
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref29
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref30
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref30
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref30
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref30
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref31
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref31
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref31
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref31
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref32
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref32
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref32
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref32
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref33
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref33
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref33
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref33
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref34
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref34
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref34
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref34
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref35
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref35
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref35
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref35
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref35
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref36
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref36
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref36
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref37
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref37
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref37
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref38
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref38
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref38
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref38
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref39
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref39
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref39
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref39
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref39
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref40
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref40
http://refhub.elsevier.com/S0749-8063(16)30803-9/sref40

	Viable Stem Cells Are in the Injury Effusion Fluid and Arthroscopic Byproducts From Knee Cruciate Ligament Surgery: An In V ...
	Methods
	Participants
	Tissue Collection
	Tissue Characterization
	Volume, Viability, and Total Nucleated Cell Counts

	Culturing Methods
	Flow Cytometry

	Results
	Patient Sample Characteristics
	Volume, Viability, and Total Nucleated Cell Counts
	CFU-F Results
	CFU-C Results
	Flow Cytometry Results

	Discussion
	Limitations

	Conclusions
	Acknowledgment
	References


