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Abstract

Objective—To determine whether primary or mesh herniorrhaphy reverses abdominal wall
atrophy and fibrosis associated with hernia formation.

Background—We previously demonstrated that hernia formation is associated with abdominal
wall atrophy and fibrosis after 5 weeks in an animal model.

Methods—Arat model of chronic incisional hernia was used. Groups consisted of uninjured
control (UC, n = 8), sham repair (SR, n = 8), unrepaired hernia (UR, n = 8), and 2 repair groups:
primary repair (PR, n = 8) or tension-free polypropylene mesh repair (MR, n = 8) hernia repair on
postoperative day (POD) 35. All rats were killed on POD 70. Intact abdominal wall strips were cut
perpendicular to the wound for tensiometric analysis. Internal oblique muscles were harvested for
fiber type and size determination.

Results—No hernia recurrences occurred after PR or MR. Unrepaired abdominal walls
significantly demonstrated greater stiffness, increased breaking and tensile strengths, yield load
and yield energy, a shift to increased type Ila muscle fibers than SR (15.9% vs 9.13%; P < 0.001),
and smaller fiber cross-sectional area (CSA, 1792 vs 2669 um?; P < 0.001). PR failed to reverse
any mechanical changes but partially restored type Ila fiber (12.9% vs 9.13% SR; P < 0.001 vs
15.9% UR; P < 0.01) and CSA (2354 vs 2669 pm? SR;P < 0.001 vs 1792 pm? UR; P < 0.001).
Mesh-repaired abdominal walls demonstrated a trend toward an intermediate mechanical
phenotype but fully restored type Ila muscle fiber (9.19% vs 9.13% SR; P > 0.05 vs 15.9% UR; P
< 0.001) and nearly restored CSA (2530 vs 2669 pm? SR; P < 0.05 vs 1792 ym? UR; P < 0.001).

Conclusions—Mesh herniorrhaphy more completely reverses atrophic abdominal wall changes
than primary herniorrhaphy, despite failing to restore normal anatomic muscle position.
Techniques for hernia repair and mesh design should take into account abdominal wall muscle
length and tension relationships and total abdominal wall compliance.
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Laparotomy wound failure progressing to incisional hernia formation is the most frequent
complication of abdominal surgery, with an overall estimated incidence of 11% to 16%.1°
Despite many advances in surgical technique and patient care, the rate of primary incisional
hernia formation has not changed appreciably in 75 years.® Rates of hernia recurrence after
repair are substantially higher, up to 63% in long-term follow-up.” Although the use of mesh
has significantly improved hernia repair, long-term recurrence rates as high as 32% remain
unacceptably high? and worsen with each subsequent repair.8

Incisional abdominal hernias most frequently develop from early laparotomy wound
separation and failure within the first postoperative month, often clinically occult.® The
cause of wound failure may be multifactorial—related to closure technique, wound
ischemia, infection, excessive straining from coughing or weight lifting, or patient
comorbidities such as older age, obesity, malnutrition, diabetes, or chronic steroid
therapy.3-10-17 These same factors may prevent reestablishment of fascial healing once
separation has occurred and contribute to the increased frequency of recurrence after hernia
repair.18 The exact mechanism of progression from wound separation to hernia formation is
unknown, and the factors involved in higher recurrence rates are unclear.

The development of a functionally pathological abdominal wall suggests another mechanism
for the high recurrence rates after hernia repair. The fascial separation and loss of midline
muscle attachment in large ventral hernias lead to abdominal muscle shortening and relative
unloading, particularly of the lateral oblique muscles whose insertions are lost.12:20 Animal
models of muscle unloading through hindlimb immobilization and tenotomy demonstrate
pathological changes associated with disuse atrophy, including a decrease in muscle fiber
size, a shift in muscle fiber-type distribution, increased intramuscular collagen deposition,
and alterations to muscle mechanical properties.212% Our previous work using a rat model
of hernia formation confirmed that ventral incisional hernia formation is associated with
abdominal wall muscular atrophy and decreased compliance as early as 5 weeks after
laparotomy.19 Interestingly, healed laparotomy wounds without development of a fascial
defect (sham) were associated with similar pathological changes, although to a lesser extent.
It is unknown whether this pathologic state is reversible and how various abdominal wall
repair techniques may affect this recovery. We hypothesize that primary repair (PR), by
reestablishing normal muscle position and length, will lead to faster recovery than a tension-
free mesh repair (MR) that may improve muscle loading forces but will not alter muscle
position. The aim of this study is to determine (1) whether the pathologic changes associated
with healed laparotomy wounds recover to the normal, uninjured physiology over time and
(2) whether the pathological changes associated with hernia formation are reversed after
primary or mesh herniorrhaphy by measuring changes in internal oblique muscle mechanical
properties and changes in muscle fiber and type and size.

MATERIALS AND METHODS

Incisional Hernia Model

A total of 40 male Sprague-Dawley rats (Charles River Laboratories International, Inc, MA)
aged 9 weeks, weighing approximately 250 g, were acclimated and housed under standard
conditions. Animals were provided ad libitum intake of standard rat chow and water
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throughout the study. All animal care and operative procedures were approved by the
University Committee on Use and Care of Animals and in accordance with the guidelines of
the Unit for Laboratory Animal Medicine of the University of Michigan. An established rat
model of ventral hernia formation was used.26-28 Briefly, a 6 x 3-cm ventral full-thickness
skin flap was raised through the avascular prefascial plane, and a 5-cm vertical midline
laparotomy incision was made through the linea alba. The fascial edges were approximated
with 2 interrupted 5-0 fast-absorbing plain gut sutures. The skin flap was replaced and
secured with interrupted 4-0 polypropylene sutures. The unrepaired hernia (UR) group (n =
8) developed large ventral hernias in all animals. Two control groups were used: an
uninjured control (UC) group (n = 8) and a sham control (SC) group (n = 8). In the UC
group, a skin flap was raised and closed without laparotomy. In the sham group, the skin
flap was raised, and a 5-cm laparotomy performed and repaired with a running 4-0
nonabsorbable polypropylene suture, followed by flap closure. Two repair groups were
created after hernia formation, using the hernia model on postoperative day (POD) 35 (Fig.
1A): a PR group (n = 8) and an MR group (n = 8). In the PR group, the same skin flap was
raised again through the existing scar, fascial hernia defects were repaired using a running
4-0 polypropylene suture, and the skin flap was replaced (Fig. 1B). In the MR group, hernia
defects were repaired by the placement of polypropylene mesh, trimmed to match the size of
the defect, and sutured in place in an intraperitoneal position in a tension-free manner
without approximation of the fascial edges (Fig. 1C). Hernia defect size was measured at 5
weeks for each animal in the PR and MR groups and at 10 weeks in the UR and MR groups,
using SPOT Imaging Software Version 4.5 (Diagnostic Instruments, Inc, Ml).

All rats were euthanized on POD 70. The skin was dissected free circumferentially and the
abdominal wall circumference measured at the level of the umbilical process from 1 fascial
edge moving posteriorly to the other. The external oblique and rectus muscles were then
dissected free from the internal oblique muscle by dissection through the interoblique plane
as previously described (Fig. 2).1° The composite internal oblique and transversus
abdominis muscles were then dissected free from their remaining attachments. The left
internal oblique muscle/transversus abdominis muscle sheet was cut into three 10 x 30-mm
transverse strips (Fig. 3A) and stored in cold phosphate-buffered saline for tensiometric
analysis. The right internal oblique muscle/transversus abdominis muscle sheet was cut into
strips approximately 12-mm wide parallel to the internal oblique muscle fibers (Fig. 3B) and
snap-frozen in isopentane at —160°C and stored at —70°C for subsequent histological
analysis.

Histochemistry

Frozen muscle samples were sectioned (10-12-um thick) perpendicular to the internal
oblique muscle fibers in a Leica CM1850 cryostat (Leica Microsystems, Inc, IL) at —24°C.
Fiber type staining was performed using the calcium activated myaosin-type adenosine
triphosphatase activity method.2%-32 Digital microphotographs were taken at 100x
magnification using a Nikon Eclipse Ti inverted microscope with a Nikon DS-Fil high-
resolution digital camera (Nikon Instruments, Inc, NY). A sample of at least 500 internal
oblique muscle fibers from each animal was classified as type I, type lla, or type lIb
according to myosine ATPase activity. Muscle fiber cross-sectional area (CSA) was
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quantified using planimetry software (SPOT Imaging Software Version 4.5). At least 50
internal oblique muscle fibers of each fiber type were quantified for each sample.

Tensiometric Analysis

Mechanical testing was performed within 6 hours of necropsy on the 3 composite internal
obligue muscle/transversus abdominis muscle abdominal wall strips collected from each
animal. Tissue sample width and thickness were measured with Digimatic calipers
(Mitutoyo American Corporation, IL). Force extension curves were generated using an
Instron tensiometer (model 5542; Instron Corporation, MA) equipped with a 50-N static
load cell set at a crosshead speed of 10 mm per minute. Samples were mounted in the load
frame, using pneumatic grips, preloaded to 0.1 N, and the gauge length was measured
(approximately 10 mm). The load frame applied tensile loads to the samples perpendicular
to the abdominal midline until tissue disruption occurred. Data analysis was performed using
the Merlin materials testing software package (Version 5.41.00; Instron Corporation) from
which the following mechanical properties were determined: breaking strength, the
maximum load force at mechanical failure (N); tensile strength, the maximum force per unit
sample area (N/mm?); yield load, the force at which irreversible tissue deformity occurs (N);
yield energy (mJ); and stiffness, the slope of the linear elastic region of the force-extension
curve (N/mm).

Statistical Analysis

Statistical analysis was performed using GraphPad Prism Version 5.00 for Windows
(GraphPad Software, CA) and R Version 2.10.1 (R Foundation, www.r-project.org). One-
way analysis of variance with Tukey post hoc test was used for all comparisons between
multiple groups. Significance level was set at P < 0.05 for all statistical analyses. Results
from UC, SC, and UR groups were compared to determine whether repaired laparotomy
without hernia formation (SC) is associated with pathological abdominal wall changes at 10
weeks. SC, UR, PR, and MR were compared to assess whether the pathological changes
associated with hernia formation were reversed after repair.

RESULTS

All animals gained weight appropriately throughout the experiment, and average weights
were similar between all groups at the start of the experiment, at the time of hernia repair
(primary and mesh), and at final killing. All rats in the hernia model developed large
abdominal wall defects, and there were no significant differences in hernia sizes between
groups at the time of repair (5 weeks) or abdominal wall harvest (10 weeks). These data are
summarized in Table 1. No fascial defects developed in the SR group or after PR. No wound
infections were noted.

Mechanical Testing

A summary of mechanical testing results is shown in Table 2. Consistent with our previous
findings at 5 weeks, 9 tensiometric analysis at 10 weeks revealed greater internal oblique
muscle/transversus abdominis muscle composite stiffness in the hernia group than in the
control groups. Breaking strength, tensile strength, yield load, and yield energy were also
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higher in the hernia group, indicating greater tissue strength and toughness in addition to
lower compliance. Unlike our previous findings, however, no differences were found
between the uninjured and sham groups for any of these measures at 10 weeks (P = 0.835-
0.972). PR did not restore any of these mechanical properties and was not different from UR
(P =0.716-1.000). MR seemed to partially reverse the mechanical changes; however, only
the tensile strength was statistically different from hernia (P = 0.030) and PR (P = 0.001).
The statistical power was insufficient to differentiate changes in the other mechanical
properties after MR from either hernia (P = 0.481-0.747) or sham (P = 0.164-0.998).

Muscle Fiber Analysis

Myofibrillar ATPase staining classified muscle samples into type | (slow-twitch), type lla
(intermediate fast-twitch), and type Ilb (fast-twitch) fibers (Figs. 4A-D). Fiber-type
distribution for uninjured controls was similar to that previously reported in normal rat
internal oblique muscles.33 At 10 weeks, internal oblique muscle fibers in the UR group
demonstrated a fiber-type shift (Figs. 5A—C) with an increase in type lla fibers (15.9%)
compared to UC (7.8%; P<0.001) versus SC (9.1%; P < 0.001), and a relative decrease in
type | (16.8% vs 20.1%; P = 0.003; and 16.8% vs 19.6%; P < 0.05, respectively) and Ilb
fibers (6.7% vs 7.2%; P < 0.001; and 6.7% vs 7.1%; P = 0.004, respectively). This similar
pattern of fiber-type shift, but to a lesser degree, previously identified in SCs versus
uninjured controls at 5 weeks was not seen at 10 weeks (P = 0.870, 0.189, and 0.712 for type
I, la, and Ib fibers, respectively) and normal composition seems to have been restored. PR
and MR had no clear effect on type I or type I1b fiber composition (Figs. 5D and F). Both
repairs led to a decrease in type lla fibers (Fig. 5E); however, PR resulted in only partial
restoration (12.9% vs 15.9% UR; P = 0.005; and 12.9% vs 9.1% SC; P<0.001), and to a
lesser extent than MR (12.9% vs 9.2%; P < 0.001). MR fully reversed the Type lla increase
(9.2% vs 15.9% UR; P < 0.001; and 9.2% vs 9.1% SC; P = 1.000).

Figures 6A—C compare the average muscle fiber CSAs for hernia and control groups by
fiber type. Average fiber size for uninjured controls was similar to that previously reported
in normal rat internal oblique muscles.33 By 10 weeks, the previously identified differences
at 5 weeks between uninjured and sham were not seen in any fiber type. Hernia formation
was once again associated with a decrease in all 3 fiber types compared to uninjured (P <
0.001 for all fiber types) and sham (P < 0.001 for all fiber types) controls. Muscle fiber sizes
for the sham, UR, PR, and MR groups are shown in Figures 6D-F. PR partially restored
fiber size compared to sham (P < 0.001 for all fiber types) and hernia (P < 0.001 for all fiber
types) groups. MR fully restored type lla, and partially restored I and Ilb fiber sizes, and was
associated with significantly larger type lla and type I1b fibers compared to PR (P < 0.01 for
both fiber types).

DISCUSSION

We have demonstrated that hernia formation is associated with internal oblique muscle
myopathic changes consistent with disuse atrophy and fibrosis. PR partially reversed the
fiber-type changes associated with muscle atrophy but failed to improve the mechanical
properties of the stiff, tough abdominal wall. MR, without restoring internal oblique muscle
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length, more completely reversed muscle atrophy; however, the effects on the mechanical
properties of the abdominal wall were indeterminate.

Previously, we identified myopathic changes in SR compared with uninjured controls at 5
weeks, indicating that laparotomy alone with intact fascial repair results in similar changes
as seen in the hernia group, but to a lesser degree.1® This suggests that other biomechanical
changes occur after laparotomy and hernia formation in addition to muscle shortening.
These factors may be related to pain and decreased mobility leading to relative muscle
disuse or direct sequelae of the fascial injury itself. In this study, we found no differences
between SC and UC at 10 weeks, suggesting that the changes attributed to these additional
factors are reversible at later time points. Therefore, observed differences between uninjured
and hernia groups from this point onward are likely due to the mechanical effects of hernia
formation alone.

Other models of muscle unloading, including suspension, immaobilization, and tenotomy,
consistently demonstrate myopathic changes of disuse atrophy. Within 2 days histological
evidence of muscle degeneration can be seen,34 and muscle atrophy with a reduction in fiber
diameter begins within 3 to 5 days.21:23:35 A fiber-type shift from slow (type 1) to fast (type
1) occurs, particularly with an increase in type lla fibers.19:22.23.36.37 |ncreased collagen
deposition in the perimysium and endomysium can be identified within 1 week, ultimately
resulting in fibrosis with disruption of normal collagen fiber orientation and increased
connective tissue density.242% These pathological changes associated with muscle atrophy
seem to peak by 3 to 5 weeks.22:24:38 S|ow twitch predominant muscles, such as the soleus
and medial gastrocnemius, are more susceptible to disuse atrophy than fast twitch muscles,
such as the plantaris, tibialis anterior, and extensor digitorum longus.?1:22:39-41 The muscles
of the abdominal wall, including the internal and external obliques, transversus abdominis,
and rectus are composed primarily of slow twitch fibers33 and therefore would be expected
to develop disuse atrophy, as we have redemonstrated. Degenerative muscle changes and
alterations to the intramuscular connective tissue, including increased and disordered
collagen production, likely account for the pathological mechanical properties we observed
in the herniated abdominal wall.

Many studies have described atrophic muscle recovery with reloading. Although there is
variation between animal species and muscles studied, reloaded muscle generally recovers
to its normal or near normal state in terms of fiber-type distribution and size. In some
studies, muscle unloaded for 14 to 28 days recovered normal or close to normal fiber size
and distribution after 5 to 28 days of reloading, with the length of recovery somewhat
approximating the length of prior unloading.23374243 A study of 5 week hindlimb
suspension in rats found complete restoration of muscle fiber and CSA after 8 weeks’
recovery.36 On the basis of these studies, our selected time points using a 5 week hernia
model with abdominal wall harvest an additional 5 weeks after repair should allow adequate
time for changes associated with disuse atrophy to occur, and sufficient time to assess for
muscle recovery after reloading.

Unexpectedly, PR was less effective than MR in reversing internal oblique muscle atrophy
and failed to restore mechanical compliance despite reestablishing midline fascial
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attachment and abdominal wall muscle length. Compared to muscle suspension or
immobilization, tenotomy creates the additional insult of shortening the affected muscle.
Myofibrillar remodeling restores the initially kinked sarcomeres to normal length by
approximately 4 to 6 weeks with a reduction in sarcomere number to accommodate the new
muscle position and restore optimal length for active force production.3444 The muscle
shortening that accompanies fascial separation and hernia formation requires sarcomere
remodeling to adapt to the new position. During repair, significant tension was required to
reapproximate the fascial edges and restore the abdominal wall muscles to their preoperative
positions. This may have led to overstretching of the chronically shortened sarcomeres.
Remodeling must occur once again to add more sarcomeres.*®> Compared to tension-free
MR, which restores some degree of midline muscle attachment and force without altering
muscle length, the process of sarcomere remodeling after PR may delay recovery from
atrophy.

Mesh repair resulted in almost full atrophy reversal at 5 weeks, whereas PR resulted in
partial reversal. Given sufficient time, the muscle atrophy would likely be completely or
nearly restored to normal by PR. An important question, therefore, is whether the findings of
delayed recovery from atrophy in the primary compared with the mesh groups is significant,
given that complete or near complete restoration will occur at a later time. At 5 weeks,
however, early injury to the healing laparotomy repair may have already begun. Previous
studies have established that primary ventral hernias most commonly develop from early
laparotomy wound separation and failure within the first postoperative month.1® Although
this has not been established for hernia recurrences, it is likely that similar early wound
failures lead to recurrence at least in a significant portion of cases, if not most. After hernia
repair, the stiff, atrophic musculature would less effectively absorb abdominal wall forces,
transferring them to the weakest point—the vulnerable healing repair wound. Wound strength
only recovers to approximately 20% of normal in the first 3 weeks after injury,® achieving
its maximum strength after approximately 12 weeks.4” Hernia repair in this setting creates
an impedance mismatch at the wound healing interface between the noncompliant
abdominal wall muscles and the relatively weak repair wound, potentially resulting in
mechanical wound failure and an increased risk of recurrent hernia formation. Hernia repair
techniques that protect the fascial closure, such as with the use of reinforcing mesh, may
provide ben- efit by protecting the wound until adequate strength has developed and/or
abdominal wall atrophy and compliance have recovered.

Our finding of improved recovery from atrophy and mechanical stiffness with tension-free
MR compared with PR has other potential implications for optimizing hernia repair
technique, particularly in cases of large ventral hernias. Given that excessive tension may
delay muscle recovery, there may be an optimal range of muscle length and tension during
repair that results in sufficient reloading forces, while avoiding excessive tension that may
delay recovery. Techniques such as component separation,*8 which allows medial
mobilization of the rectus, internal oblique and transversus abdominis muscles through
myofascial release of the external oblique muscle, may provide the benefit of reestablishing
normal midline insertion of these muscles while reducing muscle strain. A technique of
progressive fascial closure9:50 or other staged procedures®! may provide the benefit of
partial abdominal wall muscle reloading while avoiding excessive tension and more closely
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matching the rate of sarcomere synthesis with increasing muscle length to achieve fascial
closure. Some of these techniques may not be feasible in the elective setting, however, and it
remains to be studied whether these techniques allow for faster recovery from muscle
atrophy and restoration of abdominal wall compliance. It is also possible that the elastic
properties of the mesh itself may contribute to the rate of the abdominal wall recovery.
Mechanical characteristics vary significantly between mesh constructed of different
materials, thickness, and filament diameter.52:53 These properties and resorption
characteristics of absorbable and biological meshes may influence recovery as well.

In summary, this study finds that tension-free MR more completely reverses the myopathic
changes associated with hernia formation than PR in a rat model of chronic incisional
hernia. This finding has potential implications for designing and evaluating hernia repair
techniques and potentially for engineering mesh materials, which should be taken into
account for abdominal wall muscle length, tension relationships and total abdominal wall
compliance.
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FIGURE 1.
Representative images of hernia formation using the hernia model at 5 weeks. A, Before

repair. B, After primary suture repair. C, After tension-free polypropylene MR.
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Rectus sheath

FIGURE 2.
Composite internal oblique/transversus abdominis muscle dissection through the

interoblique plane.
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FIGURE 3.
A, Right internal oblique/transversus abdominis muscle composite. Three 10 x 30-mm strips

were cut perpendicular to the linea alba for tensiometric analysis. B, Left internal oblique/
transversus abdominis muscle composite. Full-thickness samples oriented parallel to the
internal oblique muscle fibers were collected for histologic analysis.
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FIGURE 4.
Representative photomicrographs of internal oblique myofibrillar ATPase staining. A, SR.

B, UR. C, PR. D, MR. The smaller, dark-staining fibers are classified as type I, the
intermediate size, pale-staining fibers are classified as type lIla, and the larger, intermediate-
staining fibers are classified as type Ilb. Note the greater number of type Ila fibers and
overall smaller fiber size in the UR and PR groups, consistent with muscle atrophy.
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Average muscle fiber fraction by fiber type: A and D, type I. B and E, type Ila. C and F,
Type llb. Error bars shown as tstandard deviation. Statistical significance (P < 0.05)
determined by 1-way analysis of variance with Tukey post hoc test: for A-C, compared to
*UC and #SC; for D-F, compared to *SC, #UR, and TPR.
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FIGURE 6.
Average muscle fiber size by fiber type: A and D, type I. B and E, type lla. C and F, Type

I1b. Error bars shown as +SD. Statisti- cal significance (P < .05) determined by 1-way
ANOVA with Tukey post hoc test: for A—C, compared to *UC and #SC; for D-F, compared
to *SC, #UR, and PR.
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TABLE 1

Comparison of Group Weights and Abdominal Wall Measurements
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Uninjured Control ~ Sham Control ~ Unrepaired Hernia  Primary Repair ~ Mesh Repair  Significance (p)*
Initial rat weight 294.4£22.1 300.1 £22.7 288.1+£23.0 282.3+20.5 281+165 0.336
()
Weight at hernia — — — 449.9 £ 40.0 470.1 £ 46.6 0.367
repair (g)
Weight when 538.9 £ 245 558.4 + 40.2 551.3+41.8 549.3 £ 20.3 532.8 +63.4 0.740
killed (g)
Hernia size at — — — 3.95+1.49 4.12+2.20 0.862
repair (cm?2)
Hernia size when — — 3.90 + 1.55 — 3.99+251 0.929
killed (cm?)
Final body wall 18.6+1.0 18.8+0.9 16.8 £ 0.6*# 18.8+ 1.1t 169+ 1.7%#,% 0.002

diameter (cm)

Values are shown as mean + SD.

Between-group significance by Tukey post hoc test (P < 0.05) shown compared to *UC, #SC, TUH, and .PR.

*
All-group comparisons performed by 1-way ANOVA,; 2 groups compared by t test.
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TABLE 2
Tensiometric Analysis of IOM/TAM Composite

M echanical Uninjured Sham Unrepaired o * Primary Mesh Significance
Property Control Control Hernia Significance (P) Repair Repair P
Breaking strength (N) 5.32+2.05 5.58 +2.40 7.38+1.79*# 0.002 7.75 £ 2.31# 6.51 +1.58 0.002
Tensile strength (N/mm?2) ~ 0.29 £0.11 0.28 £0.10 0.36 £ 0.09* # 0.010 0.40 £ 0.16# 0.27 £0.07t <0.001
Yield load (N) 418+1.18 4.29£1.96 578 + 1.67* # 0.002 5.88 + 2.46# 5.06 +1.48 0.018
Yield energy (mJ) 16.04 £8.36 17.96 +£10.84 28.25+14.72*# 0.001 28.57 + 14.43#  22.67 +13.55 0.022
Stiffness (N/mm) 0.46 £0.12 0.44 £0.16 0.63 £ 0.22* # <0.001 0.61 +0.27# 0.57£0.16 0.012

Values are shown as mean + SD.

Between-group significance by Tukey post hoc test (P < .05) shown compared to *UC, #SC, and tUR.

*
One-way analysis of variance comparing UC, SC and UR.

Fk

One-way analysis of variance comparing SC, UR, PR, and MR.
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