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Abstract

Background: No treatment is available to reverse injury associated with traumatic brain injury
(TBI). Progenitor cell therapies show promise in both pre-clinical and clinical studies. We
conducted a meta-analysis of pre-clinical studies using progenitor cells to treat TBI.

Methods: EMBASE, MEDLINE, Cochrane Review, Biosis, and Google Scholar were searched
for articles using pre-specified search strategies. Studies meeting inclusion criteria underwent data
extraction. Analysis was performed using Review Manager 5.3 according to a fixed-effects model,
and all studies underwent quality scoring.

Results: Of 430 abstracts identified, 38 met inclusion criteria and underwent analysis. Average
quality score was 4.32 out of 8 possible points. No study achieved a perfect score. Lesion volume
(LV) and Neurologic Severity Score (NSS) outcomes favored cell treatment with standard mean
difference (SMD) of 0.86 (95%CI 0.64, 1.09) and 1.36 (95%CI 1.11, 1.60) respectively. Rotarod
(RR) and Morris Water Maze (MWM) outcomes also favored treatment with improvements in
SMD of 0.34 (95%CI 0.02, 0.65) and 0.46 (95%CI 0.17, 74) respectively. While LV and NSS were
robust to publication bias assessments, RR and MWM were not. Heterogeneity (12) ranged from
74% to 85% among the analyses, indicating a high amount of heterogeneity among studies.
Precision as a function of quality score showed a statistically significant increase in the size of the
confidence interval as quality improved.

Conclusions: Our meta-analysis study reveals an overall positive effect of progenitor cell
therapies on LV and NSS with a trend towards improved motor function and spatial learning in
different TBI animal models.
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Background

Methods

Traumatic brain injury (TBI) is major public health and socio-economic problem that affects
both civilians and members of the armed forces worldwide (1, 2). Monitoring by the Centers
for Disease Control and Prevention (CDC) shows that with 1.7 million incidents annually,
TBI contributes to 30.5% of all injury-related deaths in the United States. TBI survivors
experience long-term disabling changes in physical, cognitive, and psychosocial states and
disease management costs more than $77 billion per year. The scope of TBI ranges from
limited focal damage due to cerebral contusion, laceration, or hemorrhage to multifocal
damage due to acceleration-deceleration injuries, or both (3). Both local and multifocal
damage can lead to clinical conditions that require careful assessment and management to
prevent long-term disabilities. The pathophysiology of TBI is complex and the physiologic
response of the brain to injury initiates a cascade of cellular pathways, which left unchecked
become pathologic (4). TBI causes stretching of axons, which causes dysregulation of
axonal Na*/K* pumps and an increase in intracellular Ca2* concentrations (5, 6). Increased
intracellular Ca%* levels lead to excitotoxicity and neuronal cell death (7). In addition to
disturbances of ionic homeostasis, initiation of inflammatory and immune responses also
occur in the central nervous system after TBI (8, 9). These events contribute to blood—brain
barrier (BBB) disruption and the development of cerebral edema (10).

Considering the complexity of the disease pathomechanism, the development of a therapy
that can maintain or restore neuronal function would provide the most comprehensive
approach to treating TBI. Progenitor cell therapies hold great promise in TBI because of
their inherent biological properties of plasticity, self-renewal, and migration. Transplanted
progenitor cells could either regenerate dead neurons or repair damaged neuronal cells by
producing neurotrophic factors, scavenging toxic molecules, or by exerting
immunomodulatory effects. In the past decade, several preclinical studies have shown
promising outcomes using progenitor stem cells in TBI animal models (11, 12). In this
study, we performed systemic review of the literature and meta-analysis in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines to evaluate the efficacy of different progenitor cell therapies in animal models of
TBI.

A protocol for article search, data extraction, and analysis was developed by the lead author,
and agreed upon by all authors (see supplementary materials). To meet inclusion criteria
studies needed to have an animal model of TBI, administer a progenitor cell therapy that had
not been genetically manipulated, and analyze at least one of our four pre-specified outcome
measures, which were: (i) lesion volume (LV), (ii) rotarod test (RR), (iii) neurologic severity
score (NSS) test, and (iv) Morris Water Maze (MWM) test. These outcomes were selected
for their wide use, allowing us to compare as many studies as possible. Those studies that
were not available translated into the English language, used concomitant therapies, such as
but not limited to gene modification, protein administration, or scaffolding, were excluded as
having a confounding therapy.
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Lesion volume (LV) was defined as the volume of the brain injury caused by the TBI injury
model (for example, the volume of injury cavity caused by a controlled cortical injury). The
RR test is a locomotor function test where a mouse or rat must balance on a rotating rod
which is gradually accelerated. Longer times on the rotarod denote improved locomotor
performance. The NSS was defined as a composite score including motor function,
alertness, and seeking behavior. By design, the NSS is scored so that a higher score denotes
more severe injury. Therefore an improvement will be a decrease in the score. The Morris
Water Maze (MWM) is a behavioral test for spatial learning and memory. For the purpose of
our study we extracted latency to the platform, which is the time it takes for a pre-trained
subject to find a hidden platform in the water maze.

EMBASE and MEDLINE, accessed through Ovid and PubMed respectively were selected
for the main article search. Biosis, a database of meeting proceedings and abstracts, was also
searched, as well as Google Scholar and the Cochrane Review. These were each searched
with a pre-specified search entry, available in the protocol in the supplemental materials. Our
search was designed to be exceedingly sensitive, so that we might capture all possible
studies, then exclude those that were not pertinent. Periodically throughout the project the
searches were updated with the final search date being November 28, 2016.

Search was performed by two independent investigators, and data were extracted by the two
investigators (MLJ and AKS). Disagreements were put to a third investigator (CSC) for
mediation. Those studies that did not present numerical data and only presented graphical
data of their findings underwent graphical data extraction using Adobe Illustrator CS6
software. Those studies that presented only a p-value and effect direction were excluded. All
included studies underwent quality assessment as follows: one point each was assigned for
evidence in the manuscript of (i) sample size calculation, (ii) randomization, (iii) body
temperature control during surgery, (iv) avoidance of ketamine anesthesia, (v) IACUC
approval for animal use and IRB approval for human subject cell extraction, if applicable,
(vi) a statement of disclosures/conflict of interest. Two points were assigned for evidence of
blinded outcome assessment. These criteria are a combination of recommendations for
quality assessment in the stroke pre-clinical literature (13) and A Call for Transparent
Reporting to Optimize the Predictive Value of Preclinical Researchby Landis et al. (14).

Data extracted for each outcome included the mean, number of subjects, and standard
deviation (SD) for each study arm, as is necessary for meta-analysis of continuous variables.
When standard error of the mean (SEM) was presented it was converted to SD. Once
extracted, the data was entered into RevMan 5.3 [The Cochrane Collaboration, Oxford, UK]
for analysis using a fixed-effects model and calculating standardized mean differences
(SMD) between control and treatment groups. RevMan 5 uses Hedges’ adjusted g, which is
very similar to Cohen’s @, but includes an adjustment for small sample bias, as is appropriate
with the animal studies included in our analysis. Equations used by the software can be
found in the statistical algorithms supplement to RevMan 5 (15). Quality score metrics were
entered into Microsoft Excel 2010, and simple linear and multiple regression were run in
Stata 13 [StataCorp, College Station, Texas]. Regression analyses were designed to test the
two primary hypotheses that (i) increased quality score correlated with a larger treatment
effect, and (ii) increased quality score correlated with a smaller confidence interval. As a
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secondary outcome, multiple regression model tested the hypotheses that year, cell line,
timing of treatment, dose, and type of injury affect the treatment effect size.

Results

Study Selection

Four hundred and thirty records were identified through classical database searching (Figure
1). Three additional records were found on Biosis, but were found to be duplicates of studies
already found in the general search. These 430 abstracts were screened, and 366 records
were excluded. Nineteen studies were excluded because they used concomitant (and
therefore confounding) therapies including genetic modifications to the progenitor cells, 190
studies did not use a model of TBI, 77 were excluded because they were reviews and not
original research, 13 were not available in English, 16 were excluded because they did not
report an outcome we were assessing, 28 were excluded because no component of the study
included animals, and 23 were excluded because they used a stem cell derivative therapy
such as exosomes or conditioned media. Sixty-four studies underwent full text evaluation, at
which point another 26 were excluded. Two studies did not model traumatic brain injury, 22
did not examine an outcome that we were assessing in our analysis, 1 was not an animal
model, and 1 used a confounding concomitant therapy. Thirty-eight studies met inclusion
criteria and underwent data extraction and quality assessment. Of these studies, some
reported more than one pertinent outcome measure so that a total of 10 studies presented
data for RR outcomes (16-25), 14 presented data on LV outcomes (23, 26-38), 21 assessed
NSS outcomes (17-21, 23-26, 28, 29, 31, 36, 38-53), and 13 presented data on MWM
testing (17, 18, 24, 26, 28, 29, 36, 38, 49-53). Specific study characteristics are listed in
Table 1.

Pooled Effect Sizes

Using a fixed-effects model assessing the standardized mean difference (SMD), all outcomes
showed statistically significant pooled estimates favoring treatment (p-value < 0.05). The LV
analysis (Figure 2) pooled a total of 209 treated subjects and 185 control subjects, and
showed a standard mean difference of —0.86 (95% CI —1.09, —0.64), showing an overall
statistically significant reduction in LV in treated animals. NSS analysis (Figure 3) pooled
225 treated and 187 control subjects, and showed a SMD of -1.36 (95% CI -1.60, —-1.11),
showing a statistically significant reduction in overall severity of injury as assessed by the
test. Heterogeneity in these two outcome assessments was quite high with an 12 of 85% and
80% respectively.

Fewer subjects were assessed in the RR (Figure 4) and MWM (Figure 5) assessments. Ten
studies assessed RR as an outcome measure, with a total of 104 treated subjects and 83
control subjects. SMD in the RR test was 0.34 (95% CI 0.02, 0.62), showing an overall
improvement in the ability of the animals to perform the test. The MWM pooled estimates
included 135 treated subjects and 113 control subjects, and found a standard mean difference
of —0.46 (95% CI -0.74, —-0.17), showing decreased latency to platform time (i.e., an
improvement in the animal’s ability to perform the test). Heterogeneity in these two
outcomes was 74% and 84% respectively on 12 test.
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Regression models were analyzed with year, cell line, timing of treatment, dose, and type of
injury. Within the 38 studies included in our analysis these were not factors that predicted
effect size in any of the four subgroups.

Study Quality

Risk of Bias

The mean study quality of all 38 studies included for analysis was 4.32, with a standard
deviation of 1.58, and a median of 5. Range was 1-7 out of 8 possible points. No study
included a power analysis/sample size calculation. The most commonly included parameters
in the individual studies were the avoidance of ketamine and IRB/IACUC approval.

Linear regression analysis showed that effect size was not a function of the quality score in
any of the four outcome analyses. In addition, for the RR, LV, and MWM, precision (width
of the 95%CIl) was not a function of the quality score. In those studies that assessed the NSS,
however, studies with a higher quality have a 0.363 increase in the width of their confidence
interval (95%CI 0.0432, 0.683; p-value < 0.05), making higher quality a negative predictor
of precision. Pearson correlation coefficient was —0.47 (p-value 0.03), indicating a moderate
correlation.

Risk of publication bias was assessed with funnel plots using the Eggar method (54), and are
shown in Figure 6. Data points outside the funnel lines on the plot indicate studies outside
the 95%CI of where studies would be expected to lie if there is no publication bias. None of
our assessments were free of these outliers. When the trim-and-fill method was applied to
the LV and NSS outcomes, the models were robust and retained their statistical significance
with a minimally adjusted SMD. However the RR and MWM were not robust to the trim-
and-fill method, losing statistical significance. This denotes significant publication bias in
these two outcome measures.

Discussion

Our results show that when diverse pre-clinical progenitor cell therapies in TBI are analyzed
together there is an overall treatment effect as shown by histologic, motor, and
neurocognitive function improvements. As are all meta-analyses, this study is limited by the
quality of the available data, its heterogeneity, and publication bias. However, to our
knowledge this is the first meta-analysis to examine a histologic outcome in an animal
model of TBI. There are two other meta-analyses that evaluate progenitor cell treatment for
traumatic brain injury. In the analysis by Peng et a/. (55) only behavioral data were extracted
from studies in animals that received only human mesenchymal stromal cells (hMSC),
limiting the number of studies that could be included. In the meta-analysis by Chang et a/.
(56) studies were included that examined modified and naive progenitor cells for the
treatment of traumatic brain injury. This was not the primary endpoint of our authors, and so
this study has a different population of studies included for analysis. In addition, Chang et
al.examined only MWM and NSS. While both of these papers are important in the field, our
meta-analysis includes a broader range of studies, and looks at more specific outcomes
across four endpoints.
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Figures2, 3, 4, and 5 show the forest plots of our results. For detailed information about
study weighting and individual SMD please see our Supplemental Materials. The absolute
values of the effect sizes found by our analysis range from 0.34 in the RR to 1.36 in the
NSS, showing a small to medium effect in the RR (0.34) and MWM (0.46) to large effects in
the LV (0.86) and NSS (1.36). (The reader should note that for all outcomes except the RR a
negative effect denotes improvement after treatment. However, here we are discussing
absolute values.) Effect sizes are generally accepted to be small at 0.2, medium at 0.5, and
high at 0.8. It is interesting that the two outcomes measures which showed the greatest effect
sizes had the largest number of subjects and individual papers included: the NSS assessment
included a total of 412 animal subjects from 21 papers, and the LV assessment included 394
subjects from 14 papers. The MWM and RR analyses had roughly half that number of
subjects with 248 and 187 total participants respectively. Thirteen papers were included in
the MWM analysis, while 10 were included in the RR. Lesion volume is also a histologic
outcome and less subjective to variances between animal handling practices and animal
stress. This range of effect sizes probably reflects the diversity in applicability of outcomes:
small changes in lesion volume may or may not translate to the MWM assessment, which
evaluates higher cortical functioning of the rat and spatial memory and learning. The NSS on
the other hand, incorporates motor function, alertness, and seeking behavior, which gives a
broader picture of neurologic impairment and may therefore be more likely to show an
improvement as compared to the MWM or RR.

Our regression analysis did not show any signal to direct future therapies in the realm of
timing, dose, or cell line of treatment. However, included studies were by design so
heterogeneous as to make multivariate regression unlikely to show a signal. This lack of
signal is evidence in itself that progenitor cells as a drug class are effective, and there is no
“secret ingredient” such as cell line, dose, or timing that makes them so.

As in the previously published meta-analyses, quality analysis revealed that the pre-clinical
literature has only mediocre quality. This is a known fault of basic-science research (57-60),
with increasing movements to improve transparency of reporting (14, 58, 60). However,
scientific research can only improve slowly, and with buy-in from investigators, funding
agencies, and journal editors. In our regression analyses, quality was not correlated with
effect size in either direction in any of the four outcomes assessed. However, increased
quality did correlate with a wider confidence interval in the NSS group, echoing what has
been seen in previous pre-clinical studies (57). This is interesting as general belief holds that
increased methodologic rigor leads to increased precision; indeed in the statistical model
RevMan gives higher weight to those studies that have greater precision (a smaller standard
deviation), using greater precision to denote greater power (15, 61).

In the meta-analysis by Chang ef al., higher quality index scores were associated with
smaller MWM treatment effect sizes, but greater precision (56). Peng et a/. ran a stratified
meta-analysis, and found that the quality score of 5 (possible scores from 0-10) correlated
with the largest effect sizes (62). However, neither of these meta-analyses used the same
quality metrics. While a number of criteria are widely accepted as markers of higher quality
basic science research (blinded outcome assessments, randomization, sample size
calculation, conflict of interest statement) there are others which are harder to tease out in
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individual papers. The meta-analysis by Peng et a/. used a 10-point scale which, while
including the above parameters, also gave points for “peer review publication,” and
“assessment of dose-response relationship” (62), criteria that may be out of the control of the
investigators who design and conduct the experiments. Indeed, according to the PRISM
guidelines, a meta-analysis must attempt to include negative studies, which may not have
been accepted to peer-reviewed journals. The meta-analysis by Chang ef a/. used a 14-point
quality score which, while including the pertinent factors above, we found to be too
exhaustive to be applicable. As basic science improves its overall rigor, standardized metrics
for quality will be established. We chose our scale because it hit the highlights of what
investigators musthave to be high quality, without affecting autonomy of study design.

As in all meta-analyses, there were methodological barriers to overcome in order to pursue
the analysis. Preliminary research before starting the meta-analysis showed vast
heterogeneity between studies; however, the authors decided that a meta-analysis of pre-
clinical literature could not be performed without significant heterogeneity, thus decided to
accept a large level of heterogeneity without rejecting the analysis (as discussed in the
Supplemental Material). In order to compensate for heterogeneity among studies we
measured standardized mean differences (SMD) which measure effect size as a function of
the group’s standard deviation as opposed to measuring raw differences in means. In
addition, meticulous care was taken in comparing studies that looked at the same specific
outcome variable (e.g., RR, LV, NSS, and MWM) in order to decrease heterogeneity where
possible in our samples.

Some degree of publication bias is unavoidable in pre-clinical literature, despite mounting
calls for increased publication of negative studies (57, 58, 60). Some believe that smaller
studies tend to be analyzed with less methodological rigor than larger studies. We would
propose that all animal studies are de facto small studies because of financial, housing, and
ethical constraints. Sterene (63) points out that funnel plot asymmetry is a means of
displaying “small-study effects” and not representative of publication bias, but since in the
pre-clinical animal model literature there are no large studies, we believe this does not apply
in this subset, and that the funnel plot is sufficient evidence of the presence or absence of
publication bias, which is shown in our plots especially in the RR analysis (Figure 4) where
the studies included from the first decade of progenitor cell for TBI investigation were all
positive, and only in the last few years have negative findings been reported. Indeed this is
one of the outcomes that does not pass the trim-and-fill test for publication bias, nor does the
MWM assessment. This could be due to smaller sample size of animals in these assessments
as well as heterogeneity among the studies. However, the results of our study have the
benefit of already being supported by two Phase I/11 clinical trials, overcoming to some
extent the hurdle faced by so many successful animal models which fail to show the same
benefit in clinical trials (59, 64-67).

The main limitation of this meta-analysis is in the outcomes measures that we chose.
Because there is such great heterogeneity in the pre-clinical literature, any attempts to refine
our searches to papers that could be compared to each other by definition excluded other
papers. We chose RR, LV, NSS, and MWM because they were frequently reported across
studies and could be reliably compared to each other. However, this excluded a large body of
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literature that did not report on those specific outcomes measures. Within our included
studies, however, we had large variations in cell source, dose, timing, and TBI model.
Because we were limited to the 38 included studies, we did not have a large 7 for multiple
regression analysis to model the effects of these variations. Indeed, future studies may
uncover variations between these methods that we could not see with our limited methods.
However, data compiled in this meta-analysis are striking in their generally similar treatment
effects despite these diverse cell types, routes of delivery, and dosing. Specifically, a range of
bone marrow derived cells such as mesenchymal stromal cells or MSC, multipoint adult
progenitor cells or MAPC, and bone marrow mononuclear cells (from which MSC and
MAPC are derived) produced under varying culture conditions all produce similar effects.
This meta-analysis also underestimates the other positive treatment effects noted in
numerous studies (68—74), as they often focus on specific biochemical outcomes that are not
generalized across multiple papers. Examples include neurogenesis measured in various
ways: neuroinflammation measured with either cytokine profiles, microglial activation with
various cell surface markers or morphology; or blood-brain barrier permeability as either
edema, tight junctional protein configuration/expression, or macromolecule extravasation.
These important variables can be concordant but not merged for a meta-analysis. For
example Evans Blue dye extravasation can show a 40% reduction in blood-brain barrier
permeability with bone marrow derived mononuclear cells (52), and similar results can be
obtained using an Alexa-Fluor fluorescent dye with permeability mapping (75). However,
accuracy is lost in trying to harmonize the effect magnitude using different measurement
techniques. This meta-analysis of progenitor cell treatments for TBI in pre-clinical data
shows a positive treatment signal in both lesion volume and combined neurologic severity
score which is robust to heterogeneity and publication bias assessments, paving the way for
future clinical studies.

Future Directions

Though many papers have been able to show a benefit in behavioral outcomes with
progenitor cell treatment, and indeed, this is the third meta-analysis to conclude that there is
benefit, the mechanism of action has not been completely delineated. To that end some
investigators are working with modified progenitor cells that are being reprogrammed to
over-express certain factors secreted by progenitor cells, and some groups are directly
injecting the factors themselves (such as TIMP3 or Wnt3a) (74, 76). As this research
progresses the mechanism or mechanisms of action will be more fully understood, and
cellular therapies can be better harnessed and used to the best benefit.

Though the physical impact may be short in TBI, the consequences are long lasting. There
are few, if any, chronic diseases in medicine that are treated with a single dose of
medication. Though four included papers in our analysis looked at multiple doses (16, 23,
31, 52), this is not currently standard in the pre-clinical or the clinical literature. Future
directions may include multiple doses for a greater and longer-lasting effect.

As always, the next step after animal models is clinical trials in humans. To date, two
clinical trials have been published here in the Unites States showing promising results for
improved outcomes with progenitor cell therapy for TBI (65, 77), and five more clinical
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trials are in the process of recruiting on ClinicalTrials.gov. The results published in this
meta-analysis should help prove that these trials are worthy of further pursuit, and further
funding.

Conclusion

This study shows that though there is great heterogeneity in the data, and not all studies are
published with the most rigorous quality standards, there is an overall improvement in the
overall neurologic severity score of animals treated with progenitor cell therapies, and a
decrease in the size of their lesion volumes after injury with treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Flow diagram of the studies evaluated.
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Figure 2:
Forest plot of LV results. The fixed-effects pooled SMD for LV outcomes was —0.86 (95%ClI

-1.09, -0.64), which signifies a large treatment effect. A negative effect in this instance
indicates a reduction in the size of the lesion volume and improvement after treatment.
Heterogeneity was 85%, and p-value for the model was < 0.001.
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Figure 3:
Forest plot of NSS results. The fixed-effects pooled SMD for NSS outcomes was —1.36

(95%CI -1.60, —1.11), which signifies a large treatment effect. A negative result indicates a
lower degree of injury in those subjects treated with progenitor cell therapy. Heterogeneity
was 80%, and p-value for the model was < 0.001.
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Figure 4:
Forest plot of RR results. The fixed-effects pooled SMD for RR outcomes was 0.34 (95%ClI

0.02, 0.65) which signifies a small to moderate treatment effect. A positive result indicates a
better score on the RR test and overall improved outcome after treatment. Heterogeneity was
74%, and p-value for the model was 0.04.
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Figure5:

Forest plot of MWM results. The fixed-effects pooled SMD for MWM outcomes was —0.46
(95%Cl -0.74, -0.17), which signifies a moderate treatment effect. A negative result
indicates that the treated animals had a lower latency, or time to reach the platform in the
MWM, and overall better outcomes. Heterogeneity was 84%, and p-value for the model was

0.002.
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Figure®6:
Funnel plots depicting publication bias. Funnel plots show the reverse standard error on the

Y-axis and the SMD on the X-axis. The vertical dotted line shows the pooled treatment
effect, and diagonal lines show the 95% confidence interval if there is no heterogeneity or
publication bias present. Publication bias can be seen by an absence of studies to the LEFT
of the treatment effect in (A) the RR plot, and to the RIGHT of the treatment effect in (B)
LV, (C) NSS, and (D) MWM. All outcomes evaluated were susceptible to varying degrees of
publication bias. Trim-and-fill test indicated that (A) RR and (D) MWM lost their
statistically significant treatment effect when adjusted, though (B) LV and (C) NSS retained
their statistical significance.
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Table 1:

Summary characteristics of 38 studies included in meta-analysis. Data are reported as number of studies (N)
followed by the percentage of all studies included in parentheses. There was even divide among years of
publication and syngenic or xenogenic administration. A preponderance of studies (58%) used the controlled
cortical impact TBI model, and administration in the 1-4 day time window made up a large proportion of the
included studies.

Characteristics

Year of publication N (%)
2001-2006 8(21.1)
2007-2012 12 (31.5)
2013-2015 18 (47.4)

Cell source N (%)
Syngeneic 20 (52.6)
Xenogeneic 18 (47.4)

Cell dose N (%)
<1 million cells 12 (31.6)
1-<2 million cells 6 (15.8)
2-<3 million cells 6 (15.8)
>3 million cells 5(13.2)
Other ™ 9(23.7)

Timing N (%)
<1 day 7 (18.4)
1-4 days 18 (47.4)
5-7 days 9(23.7)
>7 days 1(2.6)
Other® 3(7.9)

Injury types N (%)
Controlled cortical impact | 22 (57.9)
Fluid percussion injury 5(13.2)
Weight drop injury 10 (26.3)
Freezing injury 1(2.6)

*
Either multiple doses or dose not reported

$Mu|tiple time points
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Table 2:

Quality score results showing the frequencies of possible scores 0-8. No study received a score of 0 or 8. The
most frequent score was 5, followed by a 3 or 4. Just over 80% of studies included had a score of 5 or below,
and only 7 studies (18.42%) had a score of 6 or 7.

Quality Score | Frequency | Percent (%) | Cumulative
Percent (%)
0 0.00 0.00
1 1 2.63 2.63
2 5 13.16 15.79
3 6 15.79 31.58
4 6 15.79 47.37
5 13 34.21 81.58
6 7.89 89.47
7 4 10.53 100.00
8 0 0.00
Total 38 100.00

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

J Surg Res. Author manuscript; available in PMC 2018 December 02.



	Abstract
	Background
	Methods
	Results
	Study Selection
	Pooled Effect Sizes
	Study Quality
	Risk of Bias

	Discussion
	Future Directions
	Conclusion
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Figure 5:
	Figure 6:
	Table 1:
	Table 2:

