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Abstract

Purpose To assess the mechanical behavior and the his-

tology of collagen fibers after prolotherapy with 12.5%

dextrose into rat Achilles tendons and to compare with

those of corticosteroid treatment.

Methods Out of 60 adult female Wistar rats (70 tendons),

15 received 12.5% dextrose (group I); 15 were treated with

corticosteroid injection (group II); and 15 were given 0.9%

saline injection (group III), all into the right Achilles ten-

don, whereas 13 animals received no injections (group IV).

Three doses of each substance (groups I, II, and III) were

given at a 5-day interval. Collagen fiber color was quan-

titatively assessed in three samples from each group and in

five samples from the control group using picrosirius red

staining under polarized and nonpolarized light. Twelve

tendons from each group treated with the test substance and

20 tendons from the control group were submitted to the

tensile strength test.

Results There was no statistical difference across the

groups with respect to maximum load at failure (n.s.) and

absorbed energy (n.s.). With respect to tendon rupture,

there was no difference between the myotendinous and the

tendinous regions (n.s.). However, hematoxylin–eosin

staining revealed statistical significance in lymphocytic

inflammatory infiltrate (P = 0.008) and in parallel fiber

orientation (P = 0.003) when comparing groups to the

control group, without significance for either neovascu-

larization (n.s.) or the presence of fibroblasts (n.s.). Like-

wise, there was no significant difference between the

percentage of mature (n.s.) and immature (n.s.) fibers.

Conclusions Dextrose was not deleterious to the tendi-

nous tissue, as it did not change the mechanical and his-

tological properties of Achilles tendons in rats. The data

obtained in this study may help clinicians in their daily

work as they suggest that injections of 12.5% dextrose

caused no harm to the tendons, although the clinical

importance in humans still needs to be defined.
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Introduction

Tendinopathy is classically defined as a degenerative tendon

disorder that has been ascribed to several causes such as local

injury, hormones, aging, chemical substances, vascular

failure, and overuse [5]. Prolotherapy, or proliferative ther-

apy, is a therapeutic technique widely used in sports medi-

cine, characterized by the injection of growth factors into the

injured site in order to promote cell growth, enhancing the

natural process of tissue repair [4, 10, 11, 23]. Growth factors

have been identified as key to the stimulation of tendons,

ligaments, and cartilage [25]. However, they have been

mainly utilized in tendinopathies [1].

The administration of 12.5% dextrose for the treatment

for tendinopathies in elite athletes has shown remark-

able efficacy, with good clinical outcomes [23]. Other
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researchers have described dextrose treatment as effica-

cious and safe in sports medicine [16]. In sports medicine,

the overall prevalence and incidence of chronic tendon

disorders are unknown, but there is evidence that sports

play a major role in the development of injuries [1, 2]. In

addition, tendinopathy constitutes an important injury that

poses a diagnostic and therapeutic challenge [12, 18, 20].

Corticosteroids are potent anti-inflammatory drugs,

which are widely used in routine clinical practice, espe-

cially in the treatment for sports injuries. Their use in the

treatment for overload injuries is still controversial, and

their role has not been well established [9].

The effects of dextrose on the biomechanical properties

of tendons and the histological analysis are yet unknown.

The aim of this study was to assess the mechanical

behavior and the histology of collagen fibers after prolo-

therapy with 12.5% dextrose into rat Achilles tendons,

compared with corticosteroid treatment. Our first hypoth-

esis is that intratendinous injection of dextrose does not

change the mechanical properties and the histological

analysis of tendons, whereas our secondary hypothesis

postulates that there are changes in mechanical properties

and histological aspects when the corticosteroid injection is

used.

Materials and methods

This study protocol was evaluated and approved by the

institutional review board (IRB 2007/805) of University of

Passo Fundo (UPF). The initial sample comprised 60

healthy 90-day-old white female Wistar rats, weighing on

average 195 g, obtained from UPF’s animal research

facility. One rat from group II and one from group III were

replaced due to anesthesia complications in the first anes-

thesia. During the experiment, the animals were kept in

individual polyethylene cages at UPF’s veterinary hospital,

at a temperature between 18� and 22�, under appropriate

lighting and ventilation, being fed ad libitum.

Fifteen animals received dextrose in the right Achilles

tendon (group I); another 15 animals were given cortico-

steroid in the right Achilles tendon (group II); and 15 animals

received saline solution (group III). Out of 15 in the control

group (group IV), two animals were excluded but not

replaced due to injury in the second week. Of the 13 animals

in this group, both tendons (right and left) were used, totaling

26 tendons. The tendons from the control group animals were

not submitted to any procedures, and therefore, values were

considered to be those of healthy tendons. Three samples

from groups I, II, and III and five samples from the control

group were submitted to quantitative collagen analysis, as

one tendon was excluded due to technical conditions during

the preparation of staining dyes.

Group I, II, and III animals received three injections of

the respective substances at a 5-day interval. Group I was

given 0.1 ml of the dilution of 0.1 ml of 50% dextrose and

0.3 ml of 1% lidocaine, with a final concentration of 12.5%

dextrose, while group II received 0.1 ml of the dilution of

0.1 ml of betamethasone dipropionate (5 mg) ? beta-

methasone phosphate (2 mg), DiprospanTM, and 0.3 ml of

1% lidocaine. Group 3 was given 0.1 ml of 0.9% NaCl

(saline solution). Group IV was not given any injection.

For the administration of the substances, animals were

injected with xylazine hydrochloride 5 mg/kg and keta-

mine-S 50 mg/kg under anesthesia. They were placed in

lateral decubitus, and their paws were kept at 90�. All

injections were given by the same researcher (senior

author), and U-100 insulin syringe and needle were used

for all injections.

The animals were killed and assessed 5 days after

receiving the third dose. They were anesthetized prior to

euthanasia with 10 mg/ml of IM morphine (0.1 ml/animal).

Thereafter, the animals were euthanized with 1.5 ml of

sodium thiopental, 100 mg given intraperitoneally to each

animal.

Tensile test

The muscle origin was resected, the tibia was sectioned

distally, and the muscle–tendon–bone complex was even-

tually used as the study sample.

Immediately after killing and dissection of hind paws,

the tendons were submitted to the tensile test.

The 12 tendons from each group treated with the test

substance and the 20 tendons from the control group were

submitted to the tensile test using the EMIC-DL� 10000

universal testing machine (reading accuracy of 0.5% and

0.01 mm displacement), provided by the Analytical Test-

ing Laboratory. The results were based on the maximum

load needed for tissue failure, i.e., the maximum load that

the tissue can withstand before rupture, and on absorbed

energy.

A 100-kgf (1,000 N) load cell and a 12 mm/min speed

were used on all tests. The muscle belly was wrapped in an

80-grit wet sandpaper (Alcar�) to prevent the specimen

from slipping off the upper grip during the test. An initial

5-mm gap was allowed between the grips (Fig. 1).

Following the literature, the tensile test data were nor-

malized, i.e., the maximum load value was divided by the

animal’s weight, measured at the time of killing [22].

Histological analysis

The histological section preserved the whole muscle–

tendon–bone complex. The specimens were fastened by

their ends to a firm base in order to preserve the tendon
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anatomy and were then soaked in 10% formaldehyde. The

tendinous structure was removed from the specimens and

embedded in paraffin. Special care was taken to keep the

tendon longitudinally placed for the section and mounting

of specimens. 5-lm-thick longitudinal sections were

obtained, with two histological sections from each block,

totaling two slides for each analyzed tendon. One slide was

stained with hematoxylin–eosin (HE), and the other slide

was stained with picrosirius red [17]. A Zeiss� Axioplan II

light microscope equipped with Plan Neofluar objectives

(Sliedrecht, The Netherlands) was used.

Hematoxylin–eosin (HE) staining

The qualitative analysis of the HE-stained sections con-

sidered the following aspects: lymphocytic infiltrate,

presence of fibroblasts, neovascularization, and parallel

fiber orientation. 950, 9100, and 9400 magnifications

were used.

Parallel orientation of collagen fibers was assessed by

observing the longitudinal sections on a 0–3 scale, where

0—no parallel pattern; 1—slightly parallel; 2—partially

parallel; and 3—parallel [3]. For the histological analysis

of the tendon, the following parameters were considered:

amount and characteristics of fibroblasts and presence of

inflammatory infiltrate and neovascularization. A score was

established for each characteristic in the histological

analysis using a 0–3 scale where 0—absent; 1—mild,

2—moderate, and 3—intense [3].

Contents and color of collagen fibers (picrosirius red

staining)

The histological sections stained with picrosirius red were

assessed as to the amount of collagen. Collagen content

was calculated as a percentage of the area of each image,

expressed in pixels. There might be an inaccurate assess-

ment given that collagen is not the only birefringent

material found in the tissues, e.g., fibrin, which is weakly

birefringent and appears green when stained with picrosi-

rius red. Thus, the slides were assessed without a polarized

light source and under strong polarized light using a

magnification of 950 [7]. The images were captured by a

Pixelink PL-A662 camera and sent to the color monitor of

a Mac OS X with a 1.5-GHz-power PC G4 processor,

digitized, and saved in TIFF format (uncompressed files)

(Fig. 2).

The images captured under nonpolarized light were

edited using Scion Image� and the RGB (red, green, blue)

system. For each image, the red (mature collagen) and

green (immature collagen) colors were selected and then

combined into two new images for analysis. The images

captured under polarized light were assessed directly. The

system calibration was based on the optical density of the

pixel resolution of the images. The pixels of each color

(green and red) were counted and expressed as percentage

value, as previously described. The images were converted

into hues of black and gray over the resolution threshold,

and the pixels were counted using the same software pro-

gram mentioned above. All slides were assessed with the

same configurations.

Statistical analysis

Parametric and nonparametric tests were carried out. The

Kolmogorov–Smirnov test allowed observing the normal

distribution of the tensile test variables. Therefore, one-

way ANOVA was used for the statistical analysis of the

tensile strength. The nonparametric Kruskal–Wallis test

was applied for histological comparison of collagen fiber

colors, given the small sample size. The chi-square test was

used for categorical variables. The significance level was

set as P \ 0.05. The statistical data were calculated using

the SPSS software package version 17.0 (SPSS Inc.,

Chicago, IL, USA).

Results

Tensile test

No statistically significant difference (n.s.) was observed

between the mean values obtained for the tensile strength

(Table 1). As to absorbed energy, there was no significant

difference between the groups (n.s.).

With respect to tendon rupture (Table 2) in groups I and

III, 91% occurred in the myotendinous region. In group IV,

89% also occurred at this site. Myotendinous ruptures

accounted for 59% of all ruptures observed in group II, but

Fig. 1 Tensile test grips with muscle–tendon segment (arrow) with a

5-mm gap
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no statistically significant difference was noted between the

groups (n.s.).

Histological analysis

The amount of collagenous tissue stained red and green in

the tendons from each group is shown in Table 3.

The results of the qualitative histological analysis of the

tendons are shown in Table 4.

Discussion

The most important finding of the present study was that

the mean tensile strength value for the tendons in the

dextrose group was not different from that of the tendons in

the saline group and in the control group, indicating that

dextrose administration did not reduce the tensile strength

in the analyzed period. The energy absorbed before rupture

yielded a very similar mean in all groups. The tendons that

received corticosteroid injection showed greater strength,

but this was not statistically significant. The rupture site of

the tendons in the dextrose group was predominantly the

myotendinous region, demonstrating good strength of the

tendinous region into which the substance was injected.

As to the rupture site on the fatigue strength test, the

corticosteroid group had the largest number (five cases) of

ruptures in the tendinous region. Although tendon strength

was expected to decrease and to be statistically nonsig-

nificant, these five samples showed good strength. These

findings are consistent with those described in the litera-

ture, which points out that the administration of cortico-

steroids to rat tendons increases the stability of the

collagenous tissue for 15 days and that, during such period,

tendon strength does not decrease [15]. Perhaps this

increase in the stability of the collagenous tissue is related

to the higher strength of tendons in the corticosteroid

group, especially if one considers the period in which the

assessment was made (5 days after the last injection).

Fig. 2 The tissue sections were stained with picrosirius red (950)

and viewed under a polarized light and b nonpolarized light. The

fibers are mainly red (dotted arrows), indicating mature collagen. In

b, the dotted arrow indicates birefringent cells. Some green fibers

(bold arrow) can be seen, but they are located in a more central region

of the tendon. A triangular region (oval dotted lines), where the

needle penetrates the tendon, shows tissue with a disorganized

pattern, in addition to fibroblast proliferation

Table 1 Mean values for tissue

tensile strength and absorbed

energy

*,** n.s

Group Tensile strength* Energy**

Mean (N) Standard deviation Mean (J) Standard deviation

I (n = 12) 36.4 ±0.06 0.09 ±0.04

II (n = 12) 45.6 ±0.05 0.07 ±0.03

III (n = 12) 38.7 ±0.05 0.10 ±0.03

IV (n = 20) 36.6 ±0.05 0.10 ±0.04

Table 2 Rupture site

Group Myotendinous region Tendon

I (n = 12) 11 1

II (n = 12) 7 5

III (n = 12) 11 1

IV (n = 20) 18 2

Table 3 Mature (red) and immature (green) collagen in %

Group Stained red* Stained green**

Dextrose (n = 3) 62.3 37.6

Corticosteroid (n = 3) 72.9 27

Saline (n = 3) 90.8 9.1

Control (n = 5) 85.6 14.3

*,** n.s
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The results of this study confirm those obtained by

McWhorter et al. [14], who stated that the administration of

corticosteroid to tendons does not cause biochemical

changes, and by Hugate et al. [6], who concluded that

corticosteroids do not reduce the ultimate tensile strength

of Achilles tendon tissues in rabbits. These data contrast

with those found by Kapetanos [8], who affirms that cor-

ticosteroids inhibit the formation of connective tissue and

reduce the tendon mass, thus lowering the ultimate tensile

strength of tissues.

Nevertheless, Shrier et al. [19] conclude that published

data are not enough to determine the risks and benefits of

corticosteroid injection into tendons and that lower tendon

strength in animal studies suggests that the rupture might

be a potential complication after several weeks of admin-

istration. Wang et al. [24]. mention that the effects of

corticosteroids on the tendons are still unclear, and they

recommend that controlled and rigorous studies be con-

ducted to demonstrate the actual effect of corticosteroid

injection into tendons.

Moreover, the dextrose group revealed a larger amount

of immature collagen in the tendons, i.e., neocollagen; on

the other hand, a long-term study should be undertaken to

corroborate this tendency (n.s.). All groups injected with

some substance showed absence of parallel fiber orienta-

tion, and this is probably due to needle trauma rather than

to the injected substance (P = 0.003).

Martin et al. [13] assert that slight biomechanical

changes occur in tendons after corticosteroid injection and

that, besides being statistically nonsignificant, these chan-

ges disappear within 14 days. In addition, the same author

found that corticosteroids cause fibroblasts to proliferate.

However, we did not perceive this proliferative capacity in

three injections over a 20-day period.

In contrast to what Junqueira [7] proposes, neither are

red fibers type I collagen, nor are green fibers type III. This

occurs due to fibroplasia, a term that denotes the prolifer-

ation and migration of fibroblasts and the development of

collagenous and noncollagenous matrices. Fibroblasts

produce and organize the major extracellular components

of the granulation tissue which, after entering the wound,

synthesize hyaluronic acid, fibronectin, and collagenase

type I and III, which constitute the initial extracellular

matrix. As the scar matures, type I collagen becomes the

main component and proteoglycan deposition occurs.

Nonetheless, this likely represents the presence of imma-

ture collagen fiber, as with the early healing phase (green),

and of mature collagen fiber (red) [17, 21]. This could be

the very reason why we did not find any statistically sig-

nificant difference in the presence of fibroblasts, as the

tendons had not been previously injured. On the other

hand, the parallel fiber pattern was lost, and even though it

was not specific to a given group, it was present in all of

them, when compared to the control group. Acute lym-

phocytic inflammatory infiltrate was found in HE-stained

specimens and also in those which received saline injection

in the short-term assessment.

Physicians know quite well all the recommendations

concerning corticosteroids, chiefly their precautions and

contraindications. Therefore, physicians must be familiar

with any restrictions before prescribing this therapy.

One of the limitations of our study was the short time

period for the analyses. This might have influenced the

results, especially regarding the effects of intratendinous

corticosteroid injection, as we used a long-acting one.

Furthermore, we did not assess the deleterious systemic

effects of corticosteroids. Also, in our study, the tendons

did not have previous injuries, but the sample was

Table 4 Qualitative analysis of

HE-stained tendons

* P = 0.008; ** n.s.;

*** P = 0.003; **** n.s

Sample Lymphocytic

inflammatory infiltrate*

Neovascularization** Parallel fiber

orientation***

Fibroblasts****

1 dextrose 1 1 0 1

2 dextrose 2 2 0 2

3 dextrose 1 1 0 1

1 saline 1 1 0 1

2 saline 1 1 0 2

3 saline 1 2 0 2

1 corticosteroid 1 1 0 2

2 corticosteroid 1 1 0 1

3 corticosteroid 1 1 0 2

1 control 0 1 3 0

2 control 0 1 3 0

3 control 0 1 3 1

4 control 0 1 3 0

5 control 0 1 3 0
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homogenous in all groups. The data obtained in this study

may help clinicians in their daily work as they suggest that

injections of 12.5% dextrose caused no harm to the

tendons.

Conclusion

Therefore, it is assumed that dextrose injection did not

show a deleterious effect on the tensile test or on the

constitution of collagen in healthy tendons. Given that this

injection has been often prescribed in sports medicine, it is

suggested that further studies be carried out in animals with

induced tendinopathy and that biomarkers be used to detect

the healing rate and its role in the cure of tendinopathies.

On the other hand, the assumption that corticosteroid

injections are deleterious within this time frame and at the

concentrations used is not confirmed; consequently, the

secondary hypothesis has been rejected.

Accordingly, the results indicate that intratendinous

dextrose injection at the concentration used, given in three

doses, was not deleterious to the tendinous tissue.
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