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Objective: This study investigated the effects of low- and high-intensity intrasound therapy
(LITR and HITR, respectively) given once daily and twice daily on the morphology and oxidative
stress in healing tendon tissue following an acute injury.

Methods: Eighty-five male rats, randomized into six groups were further subdivided into groups A,
B, and C, except for Group 1 which was subdivided into A and B only. Groups 2—6 underwent
an induced crush injury. The six groups were allocated to: serve as controls (Group 1), receive
no treatment (Group 2), HITR twice daily (Group 3), HITR once daily (Group 4), LITR twice
daily (Group 5), and LITR once daily (Group 6). Intrasound therapy (ITR) was commenced
24 hours postinjury and was given once daily or twice daily over the first 14 days postinjury.
The animals in subgroups A and B were sacrificed on day 15 postinjury, and those in subgroup
C were sacrificed on day 31 postinjury. The tendons were excised, and processed for histology
and malondialdehyde (MDA) assay.

Results: There was no significant difference in the tenocyte population between the HITR- and
LITR-treated groups. However, twice-daily treatment in either the low- or high-intensity mode
resulted in significant tenocyte proliferation compared with the once-daily treated groups, and
also had the highest percentage of tenoblasts compared with the population of tenocytes in the
proliferative phase of healing. All treatment protocols marginally lowered the MDA level.
Conclusion: The role of IRT in tendon healing is influenced more by the frequency of treat-
ment rather than the intensity of the delivered dosage.

Keywords: intrasound therapy, tenoblast, tenocytes, tendon injury, crush injury, oxidative
stress, malondialdehyde, tenoblast proliferation

Introduction

Tendon injuries are considered a major clinical challenge in orthopedic and sports
medicine.! Inadequate repair of acute tendon injuries and oxidative stress by reactive
oxygen species (ROS) may precipitate tendinosis, which is characterized by tenocyte death,
decreased matrix and collagen production, and increased risk of reinjury.? Marsolais et al®
have reported that the poor healing response in tendons is due to an insufficient population
of tenoblasts, and suggested investigations into other treatment modalities that may
promote migration and activation of tenoblasts to influence tendon healing.

Two different types of specialized fibroblasts coexist in tendon, ie, elongated teno-
cytes which are morphologically distinct from ovoid-shaped tenoblasts, the latter being
more involved in intrinsic healing.* In the proliferative phase of healing, tenoblasts
proliferate, lay down collagen fibers and, in the late phase of healing, become terminally
differentiated into tenocytes.’
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ROS, reported to be beneficial in healing at low
physiologic levels by stimulating fibroblast proliferation
are, however, toxic in large doses, resulting in lipid per-
oxidation and apoptosis, which can be monitored by tissue
levels of oxidative stress markers like malondialdehyde
(MDA).5# Fibroblasts also specifically generate ROS through
an nicotinamide adenine dinucleotide phosphate oxidase
complex in response to cytokines and growth factors, the
production and release of which are stimulated after tendon
injury.>'?

Sound waves, which are mechanical energy transmitted
from one molecule to another, have been reported to interact
with biologic tissue and promote healing following injury."!
Therapeutic ultrasound (TUS) which has been widely used in
the treatment of soft tissue injuries, emits sound waves of high
frequency between 1-3 mHz, which is above the threshold
for human hearing.'? The intrasound vibrator massager, on
the other hand, produces mixed frequency acoustic waves in
the intrasonic range (16-20,000 Hz) and has been claimed to
be effective in the management of a wide range of ailments,
including improved healing in acute inflammatory injuries.'?
However, the claims of efficacy are subjective accounts only
because there are no relevant reported experimental or clinical
trials. Intrasound is acclaimed by its manufacturers to be
effective at any comfortable intensity and recommended to be
used regularly for five minutes 2—3 times a day for best effects.
This may be responsible for the design of the intrasound
device, in which the exact delivered dosage is noncalibrated,
and intensity is chosen over a wide range from low to high by
adjusting the radial intensity knob anticlockwise.'* However,
it may be ambiguous to expect the effects to be the same at
any desired intensity. Our pioneer research suggested that
both low and high intensity IRT caused a proliferation of
tenocytes and lowered oxidative stress when given on alternate
days following an acute tendon injury, although low intensity
resulted in significant proliferation.'> The purpose of this study
was to determine and compare the effects of the delivered
intensity of IRT with the frequency of treatment on tendon
healing following an acute injury.

Materials and methods

Materials

Eighty-five 10-week-old male Sprague Dawley albino rats
weighing 160—180 g were used for the study. The animals
were kept in the animal room at the Department of Anatomy,
College of Medicine, University of Lagos, where the study
was carried out. They were kept under standard conditions
of 12-hour light and 12-hour darkness photoperiodicity.

Ethical approval for the study was obtained from the Ethical
Committee of the College of Medicine, University of Lagos,
Nigeria. The rats were fed on commercial rat chow and water
ad libitum. The Novasonic-Novafon (Denmark) intrasonic
device was used in this study.

Methods

Experimental protocol

The animals were randomly assigned to one of six groups,
with 15 rats per group (except for the control group which
had 10 rats) as follows: Group 1 (normal control, nil injury,
nil treatment); Group 2 (experimental control, injury, nil
treatment); Group 3 (injury followed by high-intensity
intrasound [HIRT] twice daily); Group 4 (injury fol-
lowed by HIRT once daily); Group 5 (injury followed by
low-intensity intrasound [LIRT] twice daily); and Group 6
(injury followed by LIRT once daily).

The rats in each group were further randomly subdivided
into groups A, B, and C, with five rats in each subgroup. The
animals in Group 1 were subdivided into groups A and B only.
In subgroup A, tendons were processed for histology in the
proliferative phase. In subgroup B, tendons were processed
for MDA assay. In subgroup C, tendons were processed for
histology in the remodelling phase.

Injury procedure

The preinjury circumference of the left hind limbs for each
rat was measured 2 cm above the calcaneal insertion of the
Achilles tendon by means of a flexible inextensible marked
cord. The Achilles tendon of the left limb was clamped with
Number 1 artery forceps to the maximum forceps closure
for 60 seconds to induce a crush injury.'® Twenty-four hours
postinjury, the postinjury circumference of the hind limb

Figure | Group | L/S of tendon in the control group showing TC elongated
tenocytes and TB ovoid tenoblasts (hematoxylin and eosin, 400x).
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Figure 2A Group 2A: L/S of tendon of rat in the experimental control group
in the early proliferative phase. F Infiltration of mononuclear infllammatory cells.
T Proliferating immature tenocytes. C Relative absence of well-formed collagen
fibers. (hematoxylin and eosin, 100X).

was taken again at the same marked point to ascertain the
presence of edema, as a sign of inflammation.

Intrasound therapy

The Achilles tendon of the left hind limb of each of the rats
was treated with either the lowest or highest intensity of IRT
using the small treatment head applied over the Achilles
tendon for five minutes and sterile K-Y jelly as a coupling
medium.!” Treatment was given for 14 days postinjury for six
consecutive days with a one day interval between treatments.'3
Eachrat had IRT for 12 days. Intrasound was not administered
on day 7 or on day 14 postinjury. The intrasound machine was
factory-calibrated at low and high intensity only.

Animal sacrifice and tendon

harvest process
On day 15 postinjury, the animals were sacrificed and the
Achilles tendons excised.

Figure 2B Group 2C: L/S of tendon of rat in the experimental control group in the
remodeling phase. Showing C collagen fibers not well-aligned and T tenocytes that
are randomly oriented (hematoxylin and eosin, 100X).

Figure 3A Group 3A: L/S of injured tendon treated with high-intensity intrasound
twice daily in the proliferative phase. T Proliferating plump and mature tenocytes.
C) Broad bands of dense, compact and well-aligned collagen fibers (hematoxylin and
eosin, 100X).

The tendons in subgroup A were processed for histology
using the stereologic technique described by Young and
Dyson,'? while those in subgroup B were assayed for
MDA. On day 31 postinjury, the animals in subgroup C
were sacrificed and the left Achilles tendon excised and
processed for histologic studies.

Stereologic analysis

The slides were observed under the light microscope
fitted with an ocular test grid at a magnification of 100x
and 400x using the method of Cruz-Orive and Weibel."
The tenoblast and tenocyte profiles identified were
the nucleus. Fifty random values (10 per animal) were
obtained for each group. The numerical density represents
the number of tenocyte profiles per unit area of field.?
This is estimated as the profile number of tenocytes (N)
within the frame of the test grid (A). N was determined
by counting all the tenocyte profiles partially or totally

Figure 3B Group 3C: L/S of injured tendon treated with high-intensity intrasound
twice daily in the remodeling phase showing T scanty cells and C well-aligned
collagen fibers (hematoxylin and eosin, 100X).
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Figure 4A Group 4A: L/S of injured tendon treated with high-intensity intrasound
once daily in the proliferative phase showing C new collagen fibers and a mixture of
tenoblasts and tenocytes (hematoxylin and eosin, 100X).

within the frame area that did not intersect the forbidden
lines, which are the top and left margins of the test grid."
Tenoblasts were further differentiated from the typical
tenocytes by their shapes. The elongated cells were identi-
fied as tenocytes, while the ovoid cells were identified
as tenoblasts.?! 150 random values (30 per animal) were
obtained for each group.

Statistical analysis

The statistical software used was the EPI-INFO 3.5.1 2008
version. The data obtained from the stereologic evaluation
of the combined tenoblast and tenocyte populations are
expressed as the mean + standard deviation (SD). Differences
between the groups were compared using analysis of vari-
ance (ANOVA). In order to eliminate the possibility of
nonsignificant values masking the effect of significant values
as a result of the large sample sizes, paired samples were
further analysed using the Student’s #-test for analysis of paired

Figure 4B Group 4C:L/S of injured tendon treated with high-intensity intrasound
once daily in the remodeling phase.T tenocytes and C well-aligned collagen fibers
(hematoxylin and eosin, 100X).

Figure 5A Group 5A: L/S of injured tendon in the proliferative phase treated with
low-intensity intrasound twice daily showing T tenocytes and € new collagen fibers
(hematoxylin and eosin, 100X).

samples. The data were also expressed as percentages and
the groups compared. The null hypothesis was set at a
significant level of 0.05 or 5%.

Results

The twice-daily IRT modalities resulted in a significant
(P < 0.05) increase in the overall population of tenocytes
when compared with the control group, unlike the daily treat-
ment which marginally increased the tenocyte population
(Table 1).

The combined tenocyte population for high-intensity
once daily and twice daily IRT groups was compared with
the combined population of the low-intensity once daily
and twice daily IRT groups. Results show that there is no
significant difference between the combined groups. On the
contrary, when the tenocyte population for the combined
low- and high-daily IRT group was compared with the
combined population of the low and high twice-daily IRT

Figure 5B Group 5C:L/S of injured tendon treated with low-intensity intrasound
twice daily in the remodeling phase showing C well-aligned collagen fibers and T
axially aligned tenocytes (hematoxylin and eosin, 100X).
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Figure 6A Group 6A: L/S of injured tendon treated with low-intensity intrasound
once daily in the proliferative phase showing C new collagen fibers, F inflammatory
cells and T tenocytes (hematoxylin and eosin, 100X).

group, there was a significant (P < 0.05) increase in the
population of the tenocytes in the combined twice-daily
groups (Table 1).

Table 2 shows that the IRT twice daily groups had
the highest percentage of tenoblasts compared with the
population of tenocytes in the proliferative phase of heal-
ing, while there was a sharp reduction in the population
of tenoblasts, with a corresponding increase in tenocyte
population at 30 days compared with values in the prolif-
erative phase.

Figure 6B Group 6C: L/S of injured tendon treated with low-intensity intrasound
once daily in the remodeling phase. T axially aligned tenocytes and C well-aligned
collagen fibers (hematoxylin and eosin, 100X).

All treatment protocols marginally lowered the MDA
level, except for the HITR once daily treatment, which
resulted in a significant (P = 0.05) reduction (Table 3).

Compared with the tendon that was injured and allowed to
heal without any therapeutic intervention (Group 2A; Figure
2A) which showed massive inflammation and a relative absence
of well-formed collagen fibers at 14 days, all the IRT-treated ten-
dons showed mild inflammation and well-aligned collagen fibers
(Groups 3—6A; Figures 3A—6B). In the late phase of healing,
compared with the normal tendon (Group 1; Figure 1), all the

Table | Group comparison of tenocyte population between the experimental groups

Comeparison of tenocyte counts between Groups 2 and 3
Mean tenocyte count

P value = 0.03*

Comparison of tenocyte counts between Groups 2 and 4

Mean tenocyte count
P value = 0.06

Comparison of tenocyte counts between Groups 2 and 5
Mean tenocyte count

P value = 0.04*

Comparison of tenocyte counts between Groups 2 and 6
Mean tenocyte count

P value = 0.05*

Comparison of tenocyte counts between Groups 3 and 5
Mean tenocyte count

P value = 0.07

Comparison of tenocyte counts between Groups 4 and 6
Mean tenocyte count

P value = 0.09

Comeparison of tenocyte counts between Groups 3, 4, 5 and 6
Mean tenocyte count

P value = 0.29

Comparison of tenocyte counts between Groups 3, 5,4 and 6

Mean tenocyte count
P value = 0.04*

Group 2 Group 3
20.7 £43 27.3+£9.2
Group 2 Group 4
20.7 £ 4.3 23.1 £4.6
Group 2 Group 5
20.7 £ 43 282+98
Group 2 Group 6
20.7 £43 25.1 £6.9
Group 3 Group 5
27.3£92 282198
Group 4 Group 6
23.1 £46 25.1 £6.9

Groups 3 and 4
252+56

Groups 3 and 5
278+ 6.6

Groups 5 and 6
26.6+68

Groups 4 and 6
24.1 £109

Key: Group 2, injury, nil treatment; Group 3, high-intensity intrasound twice daily; Group 4, high-intensity intrasound once daily; Group 5, low-intensity intrasound twice

daily; Group 6, low-intensity intrasound once daily. *Significant at P < 0.05.
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Table 2 Comparison of the percentage of tenoblasts and tenocytes in the experimental groups between day 14 and day 30 of treatment

Groups | 2 3 4 5 6

Cells (%) TB TC TB TC TB TC TB TC TB TC TB TC
Day 14 228 772 32.3 67.7 49.6 50.4 379 62.1 40.5 59.9 264 73.6
Day 30 31.0 69.0 24.1 75.9 340 66.0 14.3 85.7 238 76.2

Key: Group |, nil injury (control); Group 2, injury, nil treatment; Group 3, high-intensity intrasound twice daily; Group 4, high-intensity intrasound once daily; Group 5,

low-intensity intrasound twice daily; Group 6, low-intensity intrasound once daily.
Abbreviations: TB, tenoblasts; TC, tenocytes.

IRT-treated tendons showed bundles of well-aligned collagen
fibers with a paucity of cells, especially the twice-daily
treated tendons (Groups 3C and 5C; Figures 3B and 5B
respectively).

Discussion

The management of tendon injuries has remained a major
challenge in sports and occupational medicine. This study
was undertaken as part of an ongoing attempt to investi-
gate some physical modalities that have been claimed to
promote the healing of soft tissue injuries, although most
of these claims are subjective accounts. One of these
modalities is IRT which is becoming popular in clinical
practice. The aim of this study was to establish the scien-
tific basis for the acclaimed positive effects of IRT at any
desired intensity in the healing of acute tendon injuries.
The manufacturer of the Novasonic intrasound device had
suggested in the literature that treatment be administered
2-3 times daily at any comfortable intensity.'® This is quite
pertinent because the delivered intensity is not calibrated
on the machine.

Tenoblasts, the activated form of tenocytes, play a key
role in tendon repair because they lay down the extracel-
lular matrix, and the strength of the repaired tissue has
been attributed to their population at the site of injury.?
Treatment modalities that stimulate tenoblast proliferation
will enhance tendon healing.?® When ITR is administered
once daily, both the low and high intensities are equally
effective in causing tenoblast proliferation because there is
no significant difference between their tenocyte populations
(Table 1). However, when compared with the twice daily
groups, the latter had better therapeutic effects by inducing a
significant proliferation of tenoblasts. In comparing the low-
and high-intensity twice daily treatment groups, there was
no significant difference between the tenocyte populations
(Table 1) and both had positive effects on the morphology
of the healing tendon, with well laid out collagen fibers
and proliferation of tenoblasts at 14 days postinjury
(Groups 3 and 5) compared with the injured untreated group

(Group 2). This appears to be in contrast with the results of
an earlier study by these authors in which concurrent admin-
istration of indomethacin daily and alternate-day treatment
with IRT shows that the high intensity appeared to ameliorate
the deleterious effects of this drug on the healing tendon by
causing a proliferation of tenoblasts while the drug further
repressed the proliferation of tenoblasts when combined
with low-intensity IRT.*

Since the proportion of tenoblasts to tenocytes following
injury is an indicator of tissue response to treatment given,*
these findings indicate that IRT does stimulate proliferation
of tenoblasts in the early phase of healing especially when
applied twice daily. In the late phase of healing, compared

Table 3 Effect of once-daily and twice-daily treatment with
intrasound therapy on malondialdehyde expression

Group 2 Group 3
Comparison of MDA level 0.99 £ 0.04 0.91 £0.04
between Groups 2 and 3
Mean MDA level
P value = 0.92
Comparison of MDA level between Group 2 Group 4
Groups 2 and 4
Mean MDA level 0.99 +0.04 0.61 +£0.03
P value = 0.53
Comparison of MDA level Group 2 Group 5
between Groups 2 and 5
Mean MDA level 0.99 £ 0.04 0.97 £ 0.04
P value = 0.06
Comparison of MDA level Group 2 Group 6
between Groups 2 and 6
Mean MDA level 0.99 £ 0.04 0.76 £0.03
P value = 0.29
Comparison of MDA level between Group 2 Groups 3 and 5
Groups 2 and Groups 3 and 5
Mean MDA level 0.99 + 0.04 0.94 £ 0.0l
P value = 0.08
Comparison of MDA level between Group 2 Groups 4 and 6
Groups 2 and Groups 4 and 6
Mean MDA level 0.99 £ 0.04 0.68 = 0.02

P value = 0.05*

Key: Group 2, injury, nil treatment; Group 3, high-intensity intrasound twice daily;
Group 4, high-intensity intrasound once daily; Group 5, low-intensity intrasound
twice daily; Group 6, low-intensity intrasound once daily. *Significant at P < 0.05.
Abbreviation: MDA, malondialdehyde.
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with injured untreated tendons, the twice daily treated
tendons had a marked reduction in tenoblast population
by 30 days when compared with values at 14 days. The
population of tenoblasts in these groups at 14 days was about
thrice and twice their population at 30 days for the low and
high intensities, respectively. The daily treated tendons on the
other hand had a marginal reduction in tenoblast population
at 30 days (Table 2). These findings are pertinent because
the principal tendon structure is reported to be restored by
the fourth week postinjury with a terminal differentiation of
most of the tenoblasts to tenocytes.?!-*

In addition, compared with the injured untreated and
daily treated tendons, the histology of the tendons treated
twice daily showed better aligned collagen fibres with scanty
axially aligned tenocytes at 30 days (Groups 2—6).

Table 1 also shows that when the combined overall teno-
cyte population in the HITR once daily and twice daily groups
was compared with that of the LITR once daily and twice
daily, there was no significant difference. However, compar-
ing the combined population of the low- and high-intensity
once daily groups with the low- and high-intensity twice daily
groups showed a significant (P < 0.05) difference in favor of
the twice daily treated tendons. These findings suggest that
the intensity of the delivered dosage of ITR may not play as
great a role in its therapeutic effect on the healing tendon as
the frequency of treatment.

All the ITR treatment protocols lowered the MDA values
at 14 days postinjury. However, the once daily treatments
had much lower values than the twice daily treatments,
and the HITR once daily treatment resulted in a significant
(P = 0.05) reduction in the MDA value compared with the
control (Table 3). This is quite pertinent because only this
group did not have a significant proliferation of tenocytes
among all the experimental groups (Table 1). In addition,
this group had a higher percentage of tenoblasts at day 30
postinjury compared with controls (Table 2). It does appear
from the results of this study that MDA levels increase with
frequency of treatment and, because the twice daily treat-
ments had a better effect on the healing tendon, this finding
suggests a role for ITR and some ROS, especially nitric oxide,
in influencing tendon healing.!%?

These findings have shown that IRT is effective in
tendon healing at any given intensity when applied twice
daily. Therefore, this therapeutic device may be a simpler
option to consider in the management of acute tendon inju-
ries because complicated choices of treatment parameters
which are common with most physical therapy modalities
are eliminated. However, further studies are needed on the

mechanism of action of this novel device especially as regards
its interaction with ROS.

In conclusion, the role of IRT in tendon healing is
influenced more by the frequency of treatment. The inten-
sity of the delivered dosage plays a minimal role in tendon
healing. IRT increases MDA expression in a frequency-
dependent manner. There is a dearth of scientific data on the
role of IRT in tendon healing, so there are no prior studies for
comparison. In addition, the exact delivered intensity cannot
be ascertained, because the device is factory-calibrated into
low- and high-intensity only.
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