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Bone lesions are an important public health problem, with high socioeconomic costs. Bone tissue repair is coordinated by an
inflammatory dynamic process mediated by osteoprogenitor cells of the periosteum and endosteum, responsible for the formation
of a new bone matrix. Studies using antioxidant products from plants for bone lesion treatment have been growing worldwide. We
developed a systematic review to compile the results of works with animal models investigating the anti-inflammatory activity of
plant extracts in the treatment of bone lesions and analyze the methodological quality of the studies on this subject. Studies were
selected in the PubMed/MEDLINE, Scopus, and Web of Science databases according to the PRISMA statement. The research
filters were constructed using three parameters: animal model, bone repair, and plant extracts. 31 full-text articles were recovered
from 10 countries. Phytochemical prospecting was reported in 15 studies (48.39%). The most common secondary metabolites
were flavonoids, cited in 32.26% studies (n = 10). Essential criteria to in vivo animal studies were frequently underreported,
suggesting publication bias. The animals treated with plant extracts presented positive results in the osteoblastic proliferation, and
consequently, this treatment accelerated osteogenic differentiation and bone callus formation, as well as bone fracture repair.
Possibly, these results are associated with antioxidant, regenerative, and anti-inflammatory power of the extracts. The absence or
incomplete characterization of the animal models, treatment protocols, and phytochemical and toxicity analyses impairs the
internal validity of the evidence, making it difficult to determine the effectiveness and safety of plant-derived products in bone repair.

1. Introduction

Bone lesions are an important health problem, causing social
and financial burden [1]. It is estimated that, with the
increase in the elderly population in the world, the incidence
of fractures increases even more in the next years [2]. In
2015, costs for fracture treatments were about $17.8 billion,
and by 2025, annual costs are expected to exceed $25 billion
each year in the United States [3]. Bone remodeling is com-
posed of a complex sequence of cellular events [4] that
include phases of inflammation, cell proliferation, and bone
remodeling, which is controlled by osteogenesis and angio-

genesis [5]. In most cases, bone fractures are caused by spe-
cific bone traumas or diseases [6].

The bone has high capacity of remodeling, being able to
regenerate and maintain its structure and function. However,
there are clinical situations in which the acceleration of bone
formation is desirable [7]. Research has been carried out to
better understand the inflammatory mechanisms that regu-
late this repair process and identify new therapeutic targets
for the treatment of bone fractures [8, 9]. In this context, nat-
ural products, biomaterials, and their derivatives have stood
out as a promising alternative to minimize side effects, reduce
costs, and promote a fast and efficient repair process [10].
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Drugs derived from medicinal plants are consumed by
about 75% of the world’s population [11] and represent the
main form of treatment for traditional medicine in the
majority of developing nations [12]. Studies have shown that
some molecules extracted from natural compounds have
high anti-inflammatory, antioxidant, and regenerative
effects, which justifies the successful use of these products
in different diseases [13]. However, the mechanisms by
which compounds of natural origin act in the inflammatory
process and consequently in bone healing are still poorly
understood. Current evidences are sparse, fragmented, and
based on punctual researches, which makes the results
described in the literature inconsistent. Although not clear,
we believe that the action of the plant extracts is related to
the increase in the antioxidant defenses and decreased tissue
inflammation, as well as the increase in the vascularization of
the tissue and proliferative activity of the bone cells.

Clinical and preclinical studies have attempted to dem-
onstrate the positive effects of plant compounds on bone
matrix formation and cellular activity [14, 15]. However, this
proposition is not always confirmed, mainly due to the great
methodological variations involving the extract preparation,
therapeutic schemes, and mechanisms of action [16]. There-
fore, it is necessary to compile data from several studies in
order to clarify the previous discrepancies. In this context,
we systematically analyzed the preclinical evidence in vivo,
to establish the relevance of the use of vegetal products in
bone repair. In addition, we aimed to determine if there is a
rational selection criterion of the plant species to be used
and the geographic distribution of each species, as well as
any evidence of bioprospection based on ethnobotanical
data. We also performed a critical analysis of the studies,
aiming to improve the quality of the reports, preventing the
reproduction of methodological failures in new studies.

2. Materials and Methods

2.1. Search Strategy. The PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) strategy
was applied to identify all studies included in this review
[17]. A direct search was carried out from three comprehen-
sive electronic databases: PubMed/MEDLINE, Scopus, and
Web of Science. The secondary search was based on the
screening of the reference list of all relevant studies identified
in the direct search.

Structured search filters were developed for each data-
base. The search filters were initially constructed considering
standardized descriptors extracted from PubMed thesaurus
(MeSH (Medical Subject Headings)). All descriptors were
combined in a complete three-level search strategy based
on (i) animal model, (ii) bone repair, and (iii) plant extracts.
Standardized descriptors were defined by the MeSH algo-
rithm, and non-MeSH descriptors were characterized by
the TIAB algorithm which was also used to recover recently
published studies and studies in process for indexation. A
previously published and optimized animal filter was applied
in a PubMed search interface [18]. The same search filters
used for bone repair and intervention were adapted for
Scopus. The Scopus’ own animal filter (keyword—animals

[limit to]) was used in this database. Only studies in English,
Portuguese, and Spanish were recovered, and no chronolog-
ical limits were applied in our search strategy (Table S1).
All relevant studies published until September 10, 2019
(updated search date), were recovered and included in the
systematic review.

2.2. Record Screening and Eligibility. All research records
recovered in the database search were analyzed, and dupli-
cates were removed considering the authors, title, journal,
and year of publication. After title and abstract screening,
all potentially relevant studies were evaluated in full text for
eligibility according to specific inclusion and exclusion cri-
teria. Only original studies investigating the relevance of
plant extracts on bone repair in preclinical studies with ani-
mal models were included. The exclusion criteria were based
on the following: (i) it is not bone, (ii) it is not a plant extract,
(iii) laminectomy, (iv) absence of bone defect, (v) peptides
and fractions obtained from plants, (vi) compounds obtained
from animals, (vii) in vitro, (viii) secondary studies (literature
reviews, letters to the editor, case studies, comments, and edi-
torials), (ix) marketed products, (x) associated treatment
(treatment with plant extracts associated with the other
plants and other compounds such as collagen matrix, laser,
physical activity, and commercial drugs), (xi) other language,
and (xii) bone marrow. Eligibility was independently ana-
lyzed by the researchers, and disagreements were resolved
by consensus. In order to enhance the comprehension of
the research strategy, the reference lists of all relevant
papers identified from the database search were screened for
additional studies.

2.3. Data Extraction. An initial selection based on the title
and abstract (TIAB) was conducted by three independent
reviewers. In case of disagreements, a fourth reviewer
(RVG) decided whether the study met the inclusion and
exclusion criteria. In order to discard subjectivity in the data
collection and selection strategy, the information was inde-
pendently extracted by the four reviewers (LLM, LSA,
MMS, and RVG) and analyzed separately.

Data were extracted and tabulated in a descriptive way
(tables of descriptors and results). The data extraction was
categorized as follows: (I) characteristics of publication:
author, year, and country; (II) characteristics of the animal
model: species, sex, age, and weight; (III) treatment charac-
teristics: total number of animals, number of animals in each
group, control group, treatment time, osteoporosis induc-
tion, bone type, bone defect model, lesion size, anesthetics,
and euthanasia procedure; and (IV) plants: species, used
part, popular indication, extraction and purification method,
dose, administration, secondary metabolites, and geographi-
cal distribution.

2.4. Methodological Bias. Reporting bias was analyzed based
on methodological requirements described in the ARRIVE
(Animal Research: Reporting of In Vivo Experiments) guide-
line [19]. This strategy requires the complete screening of all
manuscript sessions (abstract to acknowledgements and
funding) to evaluate the completeness of the scientific reports
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in animal studies. The screening strategy was based on short
descriptions of essential characteristics such as baseline mea-
surements, sample size, animal allocation, randomization,
experimental concealment, statistical methods, ethnical state-
ment, and generalizability power. A table summarizing all
relevant and applicable aspects was designed considering the
specificity and aims of the systematic review.

3. Results

3.1. PRISMA Guideline. From the PubMed/MEDLINE,
Scopus, and Web of Science databases, 664 articles were
recovered. A total of 88 duplicated studies and 528 with inad-
equate thematic were excluded after reading the title and
abstract. Of the 48 remaining studies, 19 articles were
excluded after reading the full text for not meeting the eligi-
bility criteria. Therefore, 29 studies were included in the sys-
tematic review. The reference list of all included studies was
analyzed to ensure the identification of additional relevant

studies, and 2 of them were recovered, totalizing 31 studies.
Figure 1 shows the flowchart and each step performed in
the selection process to recover relevant studies.

3.2. Qualitative Analysis. The general characteristics of all
included studies are shown in Table 1. The analyzed studies
were conducted in 10 different countries especially India
(25.81%, n = 8), followed by China and Brazil (16.13%,
n = 5 each), Cameroon and Turkey (9.68%, n = 3 each),
and Germany (6.45%, n = 2). The most commonly used
animal models were murine (80.64%, n = 25) and rabbits
(19.35%, n = 6). Considering the animal strain, 51.61%
(n = 16) were Sprague-Dawley rats; 22.58% (n = 7), Wistar
rats; and 19.35% (n = 6), New Zealand white rabbits, followed
by rats and mice (6.45%, n = 2 each). From the experimental
models, 51.61% (n = 16) used female animals, 32.26%
(n = 10) used males, 3.22% (n = 1) used both sexes, and
12.90% (n = 4) of all studies did not report this information.
The animals’ age ranged from 7 weeks to 6 months for rats
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Figure 1: PRISMA diagram. Different phases of selection of studies for conducting qualitative and quantitative analyses. Flow diagram of the
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Statement” (http://www.prisma-statement.org) [17].
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and 6 months for rabbits, and 32.26% (n = 10) of the studies
did not report this information. The weight of rats ranged
from 150 to 350 g, that of rabbits 1.62 to 5 kg, and that
of mice 28 to 33 g, and 6.45% (n = 2) of the studies did
not report this data.

The most used treatments in the control groups were
saline solution (19.35%, n = 6), followed by acacia gum in
aqueous medium (16.13%, n = 5), and 9.68% (n = 3) reported
no treatment. Regarding the treatment time, there was great
variation from 10 days (6.45%, n = 2) to 24 weeks
(3.22%, n = 1). Eight studies (25.81%) reported that they
had induced osteoporosis in the animals and the method
used was ovariectomy (16.13%, n = 5) or Glucocorticoid-
Induced Osteoporosis Program (GIOP) (3.22%, n = 1).
The most evaluated bone was the femur (54.84%, n = 17)
followed by the tibia (25.81%, n = 8). The methods used
to perform the induction of bone defects were described
in 90.32% (n = 28) of the studies, and 45.16% (n = 14)
were performed by insertion of a drill bit. A lesion of
0.8mm in diameter was created in 29.03% (n = 9) of the
studies, and 38.70% (n = 12) of the studies did not report
this information. Regarding the anesthetic procedure,
51.61% (n = 16) of the studies used ketamine and xylazine,
9.68% (n = 3) used chloral hydrate, and 29.03% (n = 9) did
not use anesthesia. Most of the studies (70.97%, n = 22)
did not use medicinal drugs postoperatively. More than
half of the studies (51.61%, n = 16) did not report the
euthanasia procedure of the animals, and 9.68% (n = 3)
used decapitation under anesthesia. The data cited above
can be analyzed in Table 2.

3.3. Treatment Characteristics. From the 31 studies, 83.87%
(n = 26) reported the scientific name of the plant and
16.13% (n = 5) cited only the popular name. The most used
plant structures were the leaves (25.81%, n = 8), followed by
the whole plant and roots (9.68%, n = 3 each), and 19.35%
(n = 6) did not record this information. Many authors
(19.35%, n = 6) did not report the solvent used to extract
the components of the plant. Among the studies that pre-
sented such information, the most used solvents were ethanol
(38.70%, n = 12) and a water/ethanol mixture (12.90%, n = 4).
Most of the studies reported oral administration (ad libitum)
(51.61%, n = 16); however, in 6.45% of the cases (n = 2), this
information was not reported.

India was the most cited country (9.68%, n = 3), in rela-
tion to the geographical distribution of plant species, but
many studies (61.29%, n = 19) did not record this informa-
tion. In relation to the investigated plants, 48.39% (n = 15)
realized the phytochemical prospecting, 22.58% (n = 7) of
them quoted that the phytochemical components were
already reported in the literature, and 29.03% (n = 9) did
not describe this information. The most common secondary
metabolites were flavonoids, cited in 32.26% (n = 10) of
the studies. The anti-inflammatory activity of the extracts
was reported in 51.61% (n = 16) of the studies, indicating
the wide use of plants for the treatments of various dis-
eases (Table 3). The mechanisms of action promoted by
plant extracts in the bone repair were neglected in all
studies (100%).

3.4. Main Parameters Analyzed to Evaluate the Extract
Action in Bone Repair. The most analyzed parameters among
the 31 papers found in this review were radiological analyses
(80.64%, n = 25) [21–31, 33, 34, 36, 39, 41–50], followed
by immunological and histopathological markers (70.97%,
n = 22) [23–28, 30–37, 39–44, 47, 48]. These analyses dem-
onstrated mainly osteoblastic proliferation, angiogenesis,
and increased formation of the bone matrix with fracture
closure and bone callus formation. Only 25.81% (n = 8)
[28, 32, 35, 38, 39, 43, 46, 50] performed measurement
of inflammatory markers, and the most cited parameters
were Ca+2 content and serum alkaline phosphatase. Only
25.81% (n = 8) [22, 32, 37, 38, 42, 46, 48, 49] reported
whether the fracture had complete, partial, or absent closure.
Other analyses related to bone strength, tensile strength,
and expression of inflammatory genes that stimulate bone
formation and osteogenic differentiation were performed
in 38.71% (n = 12) of the studies [20, 23, 24, 28, 33, 36,
40–42, 44, 45, 47] (Figure 2).

3.5. Bias Analysis. Detailed results of the bias analysis are
depicted in Figure 3 and Table 4. An average of 77:63 ±
10:97 ARRIVE items were met by the original included
studies. In general, the studies published more recently have
better met the methodological quality criteria analyzed.
Primary and secondary objectives were clearly stated by
77.42% (n = 24) of the studies, while 80.64% (n = 25)
reported ethics committee permission for performing the
research. The number of animals per group was reported in
83.87% (n = 26) of the studies, and only 32.26% (n = 10)
reported a blind controlled study. Most studies provided
information about the treatment description (90.32%,
n = 28), the administered therapeutic dose (93.55%, n = 29),
and treatment time (96.2%, n = 30). However, only 6.45%
(n = 2) reported the period when the treatment was adminis-
tered. All studies (100%, n = 31) reported the animal species,
and 93.55% (n = 29) described the animal strain. The sex
and weight were reported in 87.09% (n = 27) and 96.77%
(n = 30) of the works, respectively, and 61.29% (n = 19) of
the studies provided information about the animals’ age. No
study reported the description of genetic modification status,
and 45.16% (n = 14) presented information regarding previ-
ous procedures performed on the animals. Among the arti-
cles, 29.03% (n = 9) reported the housing of experimental
animals (facility type, cage or housing type, material, and
number of cage companions), and 48.39% (n = 15) provided
information about the experimental conditions (temperature,
humidity, light cycles, feed, and water). Only 32.26% (n = 10)
of the studies performed assessments and interventions
related to animal welfare. Regarding the sample size, 74.19%
(n = 23) of the studies reported the total number of animals
used and the number of animals in each experimental group,
but only 3.22% (n = 1) explained the reason for choosing such
numbers. The details of how the animals were allocated to
experimental groups (randomization or matching) were
reported by 29.03% (n = 9) of the studies, and no study
described the order in which animals in different groups were
treated and assessed. The experimental outcomes were clear
in 90.32% (n = 28) of the studies. Statistical analyses were
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performed by 90.32% (n = 28) of the studies, 87.09% (n = 27)
of them specified the unit of analysis for each dataset, and
90.32% (n = 28) specified the methods used to assess whether
the data met the assumptions of the statistical approach.
Information regarding mortality was described in 6.45%
(n = 2) of the studies, and no study described modifications
to the experimental protocols made to reduce adverse events.
A coherent interpretation of the results and the direct rela-
tionship between objectives and hypothesis were described
in all included studies (100%, n = 31), and 19.35% (n = 6)
commented on the limitations of the studies. Comments on
the importance of applying the results to human biology were
found in 45.16% (n = 14) of the studies, and 45.16% (n = 14)
mentioned sources of funding and the role of the funder in
the study.

4. Discussion

4.1. General Aspects. In this study, we conducted a systematic
review to analyze the anti-inflammatory activity of plant
extracts and their derivatives on bone repair in animal
models. Despite the great heterogeneity of the studies, in
general, the use of plant extracts was effective for treating
bone lesions. We observed the release of markers and anti-
inflammatory mediators after treatment with plants, which
accelerated the recovery process of bone repair. In addition,
histopathological and radiological analyses demonstrating
bone remodeling (new bone formation, bone callus, cell pro-
liferation, and osteogenesis) were the main findings of this
study, which suggests that some components of the extracts
may favor the proliferation of certain cell types. This occurs
probably due to the interactions of these cells with the
components of the extracts. Taking into consideration that

the biological activity of a natural product is generally due
to the synergism between its constituents, which potenti-
ates its therapeutic properties, the study of plants for the
treatment of many different diseases has been increasing
gradually [51–53]. We believe that the development of
therapeutic strategies based on the use of plants is opening
a new perspective and represents a promising therapy as
an alternative to conventional medicine and synthetic
products [54–56].

The use of natural products for the treatment of injuries
is an old practice [57] and represents an important source
of bioactive compounds that contribute directly to the devel-
opment of new drugs [58]. Our findings showed that most of
the studies were conducted in China and India, countries
known for having a millenary practice in traditional medi-
cine [59]. This interest is probably due to the extensive and
diverse flora found in these countries and to the vast tradi-
tional ethnomedicinal knowledge that serves as a basis for
the researches [60, 61]. It is already known that the great
ethnopharmacological potential of different phytotherapics
favors and potentiates research in different health areas, thus
directing the rational choice of medicinal plants [62, 63]. In
addition, it is noteworthy that in China 40% of all health care
provision is based on medicinal plants [64, 65]. However, the
limiting factor found here was the language, which hinders
access to information and reduces the dissemination of the
data obtained to the scientific community [66].

As one of the objectives was to research experimental
models closer to the human model, our study focused on
in vivo experiments. Initially, all animal species were consid-
ered. However, after selection by inclusion criteria, only
studies with rats, mice, and rabbits were admitted. It is note-
worthy that there was a predominance of studies performed

Analysis
results

Fracture
closure

Blood
analysis

Radiological
analysis

Histopathological
analysis

Complete closure
[22,37,38,42,43,46,48,49]

Callus formation
[21,25,29,34,39,46,48,49,50]

Bone volume [BV/TV], 
trabecular thickness [Tb.�], 

trabecular number [Tb.N];
trabecular separation [Tb.Sp], 
structure model index [SMI]

[33,41,42,44,47]

Osteoblastic activity
[26,31,35,37]

Protein expression
[31,39]

Mineral deposition
[23,26,28,30,32,33,
34,36,41,42,44,47]

Bone callus
[24,25,27,35,41,43,48]

Bone volume
[40]

Calcium 
levels

[28,32,38,50]

Alkaline phosphatase 
levels

[32,35,39,46,50]

Osteocalcin 
levels

[39,46]

Inorganic phosphorous
levels

[32,38]
Blood
cell 

levels
[43]

Bone repair
[23,24,27,36,43,48,49]

Bone density
[22,26,28,30,31,45]

Figure 2: Main results of the studies demonstrating the action of plant extracts in the bone repair process.
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in murine models. Although these models do not allow the
direct extrapolation of the results to human models [67],
they can provide important insights into the biology and
pathophysiology of the lesions and are indispensable for
researchers [68]. The advantage of working with such ani-
mals is mainly due to reduced costs, as more animals can
be housed in a limited space, and the shorter reproductive
cycle. These characteristics allow, in a short time, a sufficient
number of animals for large study groups, enabling a relevant
statistical analysis [69].

4.2. Main Parameters Analyzed and Therapeutic Findings.
The studies presented different methodologies, and this
could be justified by the difference of objectives and parame-
ters analyzed. However, important information such as sex,
age, weight of the animals, and description of the methods
for performing the induction of bone defect was neglected
in some studies. The absence of this information compro-
mises the comprehension of the studies, since biological
and methodological variables directly affect the response to
the treatments [70].

In addition to bone fracture, some studies have induced
osteoporosis in animals, mainly to evaluate the action of phy-
totherapics as estrogen stimulants [25, 27, 29, 30, 37, 42].

Warriner et al. [71] published a systematic review investigat-
ing different works involving the association between bone
fractures and osteoporosis and reported that the main frac-
ture sites related to this disease were the vertebrae, femoral
neck, radius, and ulna. In our review, we found that the most
evaluated bone was the femur followed by the tibia, probably
due to the greater resistance and size of these bones.

Two other parameters that varied widely were the size of
the lesion or bone fracture and the treatment time, which can
also compromise the reproduction of the work, as well as the
comparison between the different groups treated with
extracts. Image analysis, such as radiological findings and
tomography, is fundamental for studies with fractures [72].
However, inflammatory and histopathological analyses play
an important role in helping to interpret and confirm the cel-
lular action of phytotherapeutic compounds in tissue repair
[73]. The action of osteogenic cells on bone callus formation,
cell organization, and the release of immunomarkers is a fac-
tor that can be confirmed by histology and immunohisto-
chemistry [74–76], thus leading the experiment to a greater
reliability of its results. The synthesis of proinflammatory
mediators, in regions of spongy bone and compact bone,
indicated in immunological and histopathological analyses,
was higher in the phytotherapeutic treatment groups when
compared to the control groups, demonstrating an efficiency
of extracts in bone repair. This observation suggests that
some of the components of the extract, or the synergism
between them, may favor the synthesis of certain mediators
and proliferation of cell types and, consequently, accelerate
the synthesis of the bone matrix and the bone callus forma-
tion [77]. In this context, immunological, radiological, and
histopathological analyses also confirm whether the fracture
is strong and resistant and if it was totally, partially, or not
closed. Similar results were found by Neto et al. [46] who
evaluated the effect of a poultice prepared from the leaves
of Chenopodium ambrosioides L. on bone repair in rabbits.
Phytochemical analysis of the aqueous extract of this plant
revealed the strong presence of saponins, flavonoids, tannins,
and alkaloids, which may contribute to its effect on bone
formation. These compounds are known for their anti-
inflammatory and antioxidant action, accelerating the prolif-
eration of anti-inflammatory proteins and enzymes such as
catalase and superoxide dismutase that are responsible for
protection during bone repair [46].

The use of phytotherapics has been increasing consider-
ably in the last years, indicating that phytotherapy currently
represents an effective way to treat the most varied tissue dys-
functions [78, 79]. This curative effect is probably related to
the extensive source of bioactive compounds that are found
in extracts obtained from natural products [80, 81]. However,
the positive effects may vary according to the species of
the plant and its used part. It is common to find studies
that demonstrate, through different chromatographic anal-
yses, different concentrations of flavonoids, tannins, and
triterpenes in the bark and leaves of the same plant species
[82–84], and that the protective effect of an extract should
consider the part of the plant, possibly associated with its
antioxidant effect [85]. In this review, we observed that
approximately a quarter of the studies do not provide

Selvakumar et al., 2016
Pal et al., 2019

Gurger et al., 2019
Giaze et al., 2018

Porwal et al., 2017
Khedgikar et al., 2017
Karvande et al., 2017
Florence et al., 2017

Chan et al., 2017
Adhikary et al., 2017

Zhuang et al., 2016
Yang et al., 2016

Ezirganli et al., 2016
Burim et al., 2016

Net et al., 2015
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Ngueguim et al., 2013
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Estai et al., 2011
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Figure 3: Analysis of methodological bias (reporting quality) for
each study included in the review. Based on Animal Research:
Reporting of In Vivo Experiments (ARRIVE) guidelines (http://
www.nc3rs.org.uk/arrive-guidelines). The dotted line indicated the
mean quality score (%). Detailed bias analysis stratified by domains
and items evaluated is presented in Supplementary Material 1.
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the scientific name of the species or the part of the plant
used, which reduces the accuracy and reproducibility of
these studies. The diversity of the compounds directly
interferes with their performance in the organism, and
their metabolites differ according to the parts of the plant,
as well as the region and climate where they were collected
[86]. As for the secondary metabolites found in the phyto-
chemical description of the studies, we observed that
32.26% were flavonoids, indicating the positive action of
this compound on the bone repair. The role of flavonoids
in skin repair is already known, but recent studies have
demonstrated the action of this compound also in bone
repair [23, 29, 30, 36, 40, 41, 43, 45]. Another important
fact to be informed in works with phytotherapics is the
knowledge about the extraction techniques as well as the
solvents used, since they can determine the isolation of a
biologically active compound, directing the research [87].
This bias was found frequently in our study, since 19.35%
of the studies did not report the solvent used for extraction
which makes it difficult to obtain the extract again.

For the analysis of the work quality, we used an approach
based on the ARRIVE guide, describing minimum informa-
tion that can compromise the quality of the writing as well
as the reproduction of the study [19]. Aspects related to the
organization and writing of the evaluated articles showed
that more than half of the studies presented an introduction
with relevant scientific basis, as well as clearly written objec-
tives. Through the bias analysis, flaws were detected in the
reporting of the methodological procedures of the experi-
ments, and it was found that many papers neglected informa-
tion about the Ethics Committee approval, double-blind
studies, and experimental conditions, such as light cycles
and randomization. These results point out the need to
improve experimental designs and current guidelines in
reporting animal experiments as means to ensure an ade-
quate level of scientific evidence [88].

4.3. Limitations of the Study. A great contribution of this
work is based on the global estimation of the use of plant
extracts for the treatment of bone lesions. However, the
results presented here should be interpreted with caution,
since it can be argued that the selection process of the studies
may be biased due to different factors, such as the initial
exclusion based only on the reading of the titles and abstracts
or the inclusion of more than one study of the same group of
researchers. However, the work selection process carried out
in our review was widely based on recommended and
accepted practices for performing systematic reviews [17, 89].

Another relevant issue highlighted in our work is related
to the bias of the publication. After this analysis, we realized
that aspects related to the organization of the experiments
were neglected, including lack of randomization. These fac-
tors highlight the need to enhance experimental designs
and current guidelines in reporting animal experiments as
means to ensure an adequate level of scientific evidence.
Although most studies indicate possible effects such as oste-
oblastic proliferation, angiogenesis, and increased formation
of the bone matrix with fracture closure and bone callus for-
mation, the mechanisms of action of extracts on bone tissue

are unclear. In addition, the lack of phytochemical character-
ization of most plant extracts makes it impossible to identify
the compounds responsible for the positive effect.

Finally, it was observed that the methodologies used and
the evaluation parameters are extremely heterogeneous, with
different measures being reported in all the studies, such as
analysis of the size of the lesion or fracture, as well as histo-
pathological analyses. Despite the improvement in the meth-
odological quality of individual studies from 2009, much still
needs to be done to allow the reproducibility of the studies.
Interestingly, most papers did not report whether the results
of their studies could be translated into other species and sys-
tems, including some relevance to human biology [90]. Con-
sidering the experimental model used in most studies and the
social relevance of bone lesions for the world population, the
translation of the results and their applicability on the treat-
ment of human diseases are fundamental to allow the conti-
nuity of studies with medicinal plants, once the goal is to
develop a drug that improves the human quality of life.

5. Conclusion

The results of this study demonstrated that the use of plant
extracts stimulates bone repair, increasing osteogenesis, the
rate of calcification, and the formation and mineralization
of bone callus, accelerating the process of new bone
formation on the fracture region. Possibly, these effects are
related to anti-inflammatory and antioxidant power of these
extracts. However, the methodological flaws found in some
studies make it difficult to understand and use data in studies
for the human condition. Therefore, more complete method-
ological descriptions are needed to better compare the studies
and to allow the reproducibility of future trials.
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