1

Introduction

2

Reverse shoulder arthroplasty (RSA) is an established and generally effective surgical procedure for

3

patients with a rotator cuff tear arthropathy, proximal humerus fractures, osteoarthritis, and inflammatory

4

arthritis by providing pain relief, functional improvements in the shoulder and enhancing quality of life.1-

5

5

6

The first successful reverse shoulder replacement was performed in the 1980s by Paul Grammont,6 who

7

reversed the physiological concavities of the natural shoulder by converting the humeral articular

8

component into concave (humeral insert) and the glenoid articular component to convex (glenosphere).

9

The concept was to minimize the shear forces across the components and provide a greater mechanical

10

advantage for the muscles involved.7 The standard bearing materials used in reverse shoulder arthroplasty

11

systems are conventional ultra-high molecular weight polyethylene (UHMWPE) for the humeral insert

12

and a highly polished cobalt-chromium (CoCr) alloy for the glenosphere. RSA systems consist of five

13

main components: the shoulder baseplate, the glenosphere, the humeral insert, metaphyseal component

14

and the humeral stem as shown in Figure 1.

15

The baseplate is generally fixed to the glenoid cavity with cortical screws, while the stem is inserted into

16

the medullary channel of the humerus, either by cemented or non-cemented fixation. Recently, to try to

17

enhance the performance and lifespan of reverse shoulder implants, a range of features have been

18

proposed including new bearing materials, the inversion of conventional bearing materials, and new

19

modular designs.

20

In 2004 the use of RSA as a standard treatment of complex shoulder conditions was approved by the

21

Food and Drug Administration (FDA) in the United States. Since then, according to national shoulder

22

joint replacement registries,8-12 and one regional shoulder registry,13 the clinical use of RSA has increased

23

dramatically (Figure 2), and it is projected to continue growing at a high rate.

24

While the clinical outcomes of RSA are encouraging,14, 15 the medium and long-term of survival of this

25

type of implant is compromised by a number of postoperative complications resulting in higher revision

26

rates than knee or hip implants. For example, data from the largest joint registry in the world gives the

27

following revision rates at 5-years follow-up: stemmed reverse shoulders, 3.2%, cemented knees 2.19%

28

and cemented hips 1.53%.9 While the most common reasons for revision of reverse shoulder implants

29

are dislocation/instability and infection,16,

30

humeral components can be substantial.18

31

Only a small number of retrieval studies of reverse shoulder prostheses are available in the literature18-22

32

and to date none has evaluated the change in the articulating surface roughness on this type of implant

33

following in vivo service. Moreover, these have only reported a visual assessment of the polymeric

34

components (damage modes),19-21 although the two most recent papers18, 22 also quantified the volumetric

35

wear and the surface deviation on the polyethylene humeral components.

36

The purpose of this study was therefore to assess, for the first time, the three-dimensional (3D) roughness

37

profiles from both articulating surfaces (glenosphere and humeral insert) in thirteen retrieved RSA

38

systems, including those which had inverted the conventional biomaterials.

17

polyethylene wear volumes measured from retrieved

39

Materials and methods

40

Thirteen reverse shoulder prostheses were obtained from revision surgeries at the Rizzoli Orthopaedic

41

Institute (Bologna, Italy). Clinical data including manufacturer, age at revision surgery, gender, primary

42

diagnosis, revision diagnosis and time in vivo are presented in Table 1.

43

Cleaning process

44

Prior to analysis, all components were washed in an ultrasonic bath in cleaning solution (50 mL of

45

ultrasonic cleaner in 250 mL of deionized water) for 5 minutes, rinsed in distilled water, wiped carefully

46

with isopropanol using a lint free wipes, dried with a jet of inert gas and then allowed to air dry. The

47

shoulder explants were then photographed using an 18-megapixel digital camera (EOS 600D; Canon

48

Inc., Tokyo, Japan) in a combination with a 100 mm macro lens.

49

Retrieved components

50

As shown in Table 1, the 13 reverse shoulder explants were of different designs and from different

51

manufacturers, including SMR® Reverse Shoulder System and SMR® Reverse HP Shoulder System

52

(Lima Corporate, Villanova di San Daniele del Friuli, Udine Italy; n = 6), Trabecular Metal™ (Zimmer

53

Biomet, Warsaw, Indiana, U.S.; n = 2), Delta Extend™ (DePuy Synthes, Warsaw, Indiana, U.S.; n = 1),

54

Affinis® Inverse (Mathys Ltd., Bettlach, Switzerland; n = 1), Duocentric® Expert (Aston Medical, Saint-

55

Étienne, France; n = 1), Aequalis™ Reversed II (Tornier SAS-Wright Medical Inc., Bloomington,

56

Minnesota, U.S.; n = 1), and Humelock™ Reversed (FX Solutions, Viriat, France; n = 1).

57

In 9 of the 13 cases, the glenosphere was metallic (conventional design); seven were made of cobalt-

58

chromium alloy (CoCr), one of stainless steel and one of titanium alloy (Ti-6Al-4V). The diameter of the

59

metallic glenosphere was 36-mm for seven cases (78 %), 38-mm in one case (11 %), and 40-mm for the

60

remaining case (11 %). In the other four explants (inverted design), the glenosphere component was

61

made of polyethylene material with a diameter of 39-mm in one case (25 %), 40-mm in two cases (50%),

62

and 44-mm in the final case (25%). Among the retrieved glenospheres, 10 cases (77 %) had a central

63

hole to allow use of a fixation screw in vivo.

64

A glenoid baseplate with location for locking screws was used in 12 cases, between one and four screws

65

were used for baseplate fixation. Among the humeral stems, six were uncemented (46%) and the other

66

four were cemented (23%).Three retrieved cases (23%) did not include a stem component.

67

Surface roughness analysis

68

The surface roughness of the explanted articulating surfaces was evaluated using a non-contacting white

69

light interferometric profilometer (Zygo NewView 5000™; Zygo Corporation, Middlefield, CT, U.S.)

70

with an out-of-plane resolution of 0.1 nm. This interferometer has previously been used to measure the

71

roughness of explanted hip23 and knee24 joint replacements.

72

For the polymeric components, three dimensional measurements were taken using a 10× objective lens

73

and combined with a 1× manual zoom giving an area of view of 634 × 475 µm. The measuring points

74

were taken in a defined pattern on the glenosphere (inverted bearing material) and humeral insert

75

(conventional bearing material) components with a total of 20 and 21 reading points respectively per

76

polymeric component.

77

For the metallic components, two different regions were considered, the original surface finish (unworn)

78

and areas with dense light scratching (worn). The 10× lens was used with a 2× manual zoom, giving an

79

area of view of 317 × 238 µm. Fifteen measurements were taken within each region. A larger area of

80

view was used for the polymeric components compared to the metallic components as these polymeric

81

components tended to have higher roughness values and showed greater damage.

82

In the case of the humeral inserts, the pole region was used for the evaluation, while in the glenosphere

83

components a region at 25 degrees tilt from the pole region was used (Figure 3).

84

The difference between the regions selected was because some glenospheres had a central hole at the

85

pole region and so measurements here were impossible. The surface roughness of the polymeric

86

component of the shoulder sample 6 was not possible to examine, due to disassembly complications,

87

therefore it was excluded from the roughness analysis. The results of the surface roughness were

88

presented in three amplitude profile indicators based on ISO 25178-225 “Geometric product specification

89

(GPS) – Surface Texture”, which are described in Table 2.

90

Data and Statistical analysis

91

Study data collected were statistically analysed (Minitab® 17.1.0 Statistical Software, State College, PA:

92

Minitab, Inc.). A two-sample t-test was used to determine whether there was significant difference

93

between two independent data sets. To explore potential links between clinical data (age at surgery,

94

gender, and duration of implantation in vivo) and surface roughness measurements, linear regression and

95

Pearson’s correlation analysis were performed. For all analyses, a ρ-value of less than .05 was considered

96

to show a significant difference.

97

Results

98

Circumstances of retrieval

99

The reasons for primary surgery were fracture (31 %, n = 4), revision (23 %, n = 3), not specified (23 %,

100

n = 3), arthrosis (15 %, n = 2), and dislocation (8 %, n = 1). Eight of the patients were women and five

101

were men. Seven surgical procedures were performed on the right shoulder and six on the left.

102

The mean ± standard deviation age of the 13 patients at their revision surgery was 72 ± 8 years (range,

103

50-82 years). All patients had multiple indications for revision procedures, with infection (septic

104

loosening) the predominant reason in seven cases (54 %), followed by dislocation on four occasions (31

105

%). All of the RSA revisions in this study occurred within 3 years of implantation (0 to ≤ 1 year, n = 5;

106

≥ 1 to ≤ 2 years, n = 4; ≥ 2 to ≤ 3 years, n = 4). The average time of implantation was 16 ± 11 months

107

(range, 1-36 months). Of the 13 retrieved RSA devices, 11 had an implantation time greater than 3

108

months.

109

Analysis of bearing surface roughness

110

Articulating surface topography polymeric components

111

Table 3 shows the average surface roughness values (Sa, Sq and Ssk) for the analysed polymeric retrieved

112

reverse shoulder components. The humeral insert component from shoulder No. 6 (Lima Corporate) was

113

excluded for the surface roughness analysis due to disassembly complications.

114

The surface roughness parameter (Sa) showed a wide range of values. The highest value of Sa was found

115

in sample 7 (Tornier) with a value of 2.768 ± 0.862 µm and a time in vivo of 3 months, in contrast with

116

the lowest value reported (0.215 ± 0.153 µm) that belonged sample 3 (FX Solutions) with an in vivo time

117

of 24 months. For the surface skewness value, Ssk, the overall mean ± S.D. (- 0.165 ± 0.575 and - 0.258

118

± 0.428) tended to a negative value for both designs, which suggests the presence of more valleys than

119

peaks and was thus indicative of a worn surface.

120

From Figure 4 the roughness measurements of Ssk and Sa compared to time in vivo indicated that after

121

one year in vivo the polymeric components tend to decrease their Sa values and increase their negative

122

value in Ssk.

123

Linear regression analysis showed no correlation (ρ = .485) between roughness (Sa) of the polymeric

124

components and time in vivo (months) as shown in Figure 5. The blue dashed lines show the 95 %

125

prediction interval.

126

Data was separated between the sex of the patients at revision surgery, and as can be seen in Figure 6 the

127

surface roughness, Sa, values were not significantly different (ρ = .228) between male (1.369 ± 0.842

128

µm; n = 5) and female (0.796 ± 0.534 µm; n = 7) patients.

129

As shown in Figure 7 and Figure 8, the polymeric humeral inserts used for the conventional reverse

130

shoulder arthroplasties showed no significant difference (ρ = .413) in the final surface roughness (Sa,

131

0.937 ± 0.838 µm; n = 8) in comparison with when the bearing material was inverted and used in the

132

glenosphere components (Sa, 1.231 ± 0.346 µm; n = 4). There was no significant difference (ρ = .545)

133

with the time in vivo for both designs.

134

Retrieved polymeric RSA components were also visually inspected macroscopically for the presence of

135

different surface damage modes. Scratching (abrasive wear), pitting and burnishing were the principal

136

damage modes observed across the polyethylene ex vivo samples. Figure 9 shows a comparison between

137

the 3D surface topography for the polymeric components and their time in vivo. Some polymeric

138

components still showed the presence of machining marks on the pole region, while in the other cases

139

the concentric machining marks appeared to have been progressively worn away, leaving a surface with

140

the presence of multidirectional scratches, possibly as a consequence of an abrasive wear mechanism.

141

Surface damage was also found on the rim of certain polyethylene humeral inserts designs (Figure 10)

142

as a possible result of mechanical impingement with the scapula and/or screw contact.

143

Surface topography retrieved metallic components

144

The results of surface roughness measurements for the ex vivo metallic components are summarised in

145

Table 4. In general, roughness parameters (Sa and Sq) were significantly greater in the glenosphere group

146

than in the humeral insert group.

147

Figure 11shows representative 3D surface topography for the retrieved metallic components, where

148

abrasive wear is evident as scratches with a concomitant increase of their surface roughness values.

149

During the visual inspection, light scratching was seen on most of the metallic components. However,

150

on some shoulder glenospheres a more dulled appearance was seen, with the presence of multidirectional

151

scratches as shown in Figure 12.

152

As shown in Figure 13, a significant difference (ρ = .032) in the final surface roughness was found

153

between the metallic glenospheres (Sa, 0.076 ± 0.074 µm, n = 9) and the humeral insert components (Sa,

154

0.012 ± 0.006 µm, n = 4) used in the inverse arrangement.

155

Discussion

156

This is the first retrieval study of explanted metal-on-polyethylene RSA to report the surface roughness

157

of the two articulating counterfaces. While each manufacturer may have their own guidance on values of

158

surface finish, and these may be commercially confidential, international standards for the articulating

159

surfaces of artificial shoulder joints state that two dimensional (2D) roughness average (Ra) values should

160

be less than 0.10 µm for the metallic component and less than 2 µm for the polyethylene component

161

ASTM F1378-1826 “Standard specification for shoulder prostheses”. Additionally, in previous in vitro

162

wear studies on reverse shoulder components27, 28 3D surface roughness values were assessed on pristine

163

polymeric humeral insert and glenosphere components, having mean + SD Sa values as manufactured of

164

0.656 ± 0.165 µm and 0.036 ± 0.015 µm respectively. This ASTM guidance and these studies have

165

therefore been taken into consideration as one factor when deciding if explanted components had

166

roughened or not.

167

Taking Ra to be approximately equivalent to Sa, the humeral insert (Sa = 2.768 ± 0.862 µm) and the

168

glenosphere Sa = 0.260 ± 0.252 µm) components of shoulder sample 7 fell outside the ASTM guidance,

169

and could therefore be assumed to have worn in vivo. Alternatively, perhaps these components were out

170

of specification.

171

Among the explanted polymeric components, the original manufacturer’s machining marks were still

172

present on the polar region of the humeral inserts (4/8) and on the surface of the glenospheres (2/4),

173

indicating a lack of surface damage in vivo. Nonetheless, the retrieved polymeric components showed

174

evidence of scratching and abrasion as the most common damage modes on the articulating surfaces.

175

Similar damage modes have been reported in previous RSA explant studies19-21. In addition, rim damage

176

in three of the eight retrieved humeral insert components was a possible consequence of bony scapular

177

impingement or screw contact.

178

A negative skewness value (Ssk) value is indicative of a surface dominated by valleys so it may suggest

179

that peaks have been removed. However, the high standard deviations on all of our Ssk values should be

180

noted. The Ssk values should be seen as one piece of evidence which should be taken along with Sa values

181

and surface images to try and determine what changes have occurred in vivo.

182

The increase in roughness of the RSA metallic components during the time in vivo is in agreement with

183

other ex vivo studies on metal-on-polyethylene hip29 and knee24 replacements, where an increase in the

184

surface roughness values has been observed between the worn and unworn areas of metallic femoral

185

components. In vitro studies report abrasion and multidirectional scratches on the humeral insert

186

polyethylene surface after been tested under activities of daily living over extended periods.27, 28

187

While the sample size of four is small, that retrieved metallic humeral insert components had a relatively

188

low Sa value (mean of < .020 µm) is worthy of note and perhaps deserves further investigation in other

189

retrieval studies.

190

In RSA systems, long-term survival is influenced by multiple contributing factors that are a combination

191

of the surgeon, patient, and implant variables. The surface roughness of the articulating surfaces is just

192

one contributor to this larger picture. Data provided in this retrieval study can be added to clinical follow-

193

up studies, in vitro wear analysis, and in silico simulations to help provide a clearer understanding of

194

how the component variables investigated here could influence wear in vivo.

195

Eight (62%) of the cases among the retrieved RSA were revised due to infection. This high percentage

196

of infections tallies with the results of others.16,

197

‘extraordinarily high infection rate’ associated with reverse shoulders.

198

This study had several limitations. Compared to some retrieval studies, 13 may appear a small sample

199

size, but it is the largest sample of reverse shoulders reported to date where roughness values have been

200

offered. We accept that the sample size reduces further when different manufacturers and different

201

implant designs have been offered but this was why we only stratified between conventional/inverse

202

material arrangements.

203

It is also possible that different materials and sizes could be linked with roughness, but our cohort was

204

not large enough to investigate this. In terms of the polyethylenes used by different manufacturers, we

205

were unable to get full details. We fully appreciate that different polyethylenes show different wear

206

characteristics.30 In addition, it is appreciated that reverse shoulders can be classified according to the

207

design principle of medial glenosphere and medial humerus (MGMH), lateral glenosphere and medial

208

humerus (LGMH), lateral glenosphere and lateral humerus (LGLH), and medial glenosphere and lateral

209

humerus (MGLH). This design feature can affect the biomechanics of the reverse shoulder, so it is of

17

Indeed, Farshad and Gerber17 talk of the

210

importance. While our cohort was too small to investigate this area, it is an important consideration for

211

future work. As a further limitation, we lacked data on the in vivo positioning of the implants so such

212

variables could not be investigated.

213

We know that in hips and knees, revision surgery has a poorer outcome compared to primary. We would

214

expect the same to be true with artificial shoulder joints. This is one reason why we feel explant studies

215

are so important, to learn from failures and thus to eliminate as many revision operations as possible.

216

Conclusions

217

Thirteen retrieved reverse shoulder implants were assessed for changes to their articulating surface

218

roughness. Nine had a conventional arrangement of a metallic glenosphere component articulating

219

against a polyethylene humeral insert. The other four explants reversed this configuration.

220

The most important finding in this study that the metallic components used in the conventional

221

arrangement (glenospheres) were significantly rougher than those in the inverse arrangement (humeral

222

inserts). This quantitative finding was supported by visual assessment, with none of the four retrieved

223

humeral insert components showing the presence of mild to severe scratches, which was the case with

224

some of the glenospheres.

225

The polymeric humeral inserts used for the conventional reverse shoulder arthroplasties showed no

226

significant difference (ρ = .413) in the final roughness surface (Sa, 0.937 ± 0.838 μm; n = 8) in comparison

227

with when the bearing material was inverted and used in the glenosphere components (Sa , 1.231 ± 0.346

228

μm; n = 4).
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Figures

Figure 1 Schematic reverse total shoulder arthroplasty system (conventional bearing arrangement). From
left to right: the humeral stem, the metaphyseal component, the humeral insert, the glenosphere, and the
baseplate.

Figure 2 Annual incidence of reverse total shoulder procedures from 6 countries with a national registry.

Figure 3 Schematic diagram of the regions used for the comparative analysis depending on the type of
shoulder bearing component.

Figure 4 Variation of Sa and Ssk with time in vivo.

Figure 5 Surface roughness (Sa) plotted against the time the polymeric component was implanted. The
blue dashed lines show the 95% prediction interval.

Figure 6 Sa surface roughness value divided by gender.

Figure 7 Sa surface roughness value divided by design type of RSA replacement.

Figure 8 Time in vivo divided by design type of RSA replacement.

Figure 9 3D surface topography images of polyethylene components using a 10× objective lens in
combination with a 1× manual zoom. Area of analysis 301,150 µm2.

Figure 10 Rim damage observed on retrieved humeral inserts.

Figure 11 3D surface topography images of metallic components using a 10× objective lens in
combination with a 2× manual zoom. Area of analysis 75,446 µm2.

Figure 12 Changes in articulating surface topography on retrieved glenospheres. Field of view 317 × 238
µm.

Figure 13 Sa surface roughness value type of metallic component.

Tables
Table 1 Clinical information for the thirteen RSA prostheses.

Inverted
bearing materials

Conventional
bearing materials

Shoulder
No.

Manufacturer

Age at
Gender
revision

Right
or left

Primary
diagnosis

Revision
diagnosis

Time in vivo
(months)

1

Aston Medical

50

M

L

Revision

Loosening humeral component

25

2

DePuy Synthes

82

F

L

Fracture

Septic loosening

24

3

FX Solutions

72

F

L

Revision

Recurrent dislocation

24

4

Lima Corporate

70

M

L

Fracture

Recurrent dislocation

6

5

Lima Corporate

70

F

R

Arthrosis

Septic loosening

15

6

Lima Corporate

74

F

R

Fracture

Septic loosening

22

7

Tornier

71

M

L

NA

Septic mobilization

3

8

Zimmer Biomet

77

F

L

Revision

Recurrent dislocation

8

9

Zimmer Biomet

78

M

R

NA

Septic loosening

5

10

Lima Corporate

70

F

R

Dislocation

Recurrent dislocation

1

11

Lima Corporate

75

F

R

Fracture

Septic loosening

17

12

Lima Corporate

81

F

R

NA

Septic loosening

22

13

Mathys

72

M

R

Arthrosis

Septic loosening

36

NA: data not available.

Table 2 Description of 3D surface roughness parameters selected.
Parameter

Definition
1
∬ |𝑧(𝑥, 𝑦)|𝑑𝑥𝑑𝑦
𝐴 𝐴

Provides a good overall description of height variations on
the surface.

1
∬ 𝑧 2 (𝑥, 𝑦)𝑑𝑥𝑑𝑦
𝐴 𝐴

Is more sensitive to deviation from main line (highs and
lows), making it a valuable complement to Sa.

1 1
= 3 [ ∬ 𝑧 3 (𝑥, 𝑦)𝑑𝑥𝑑𝑦]
𝑆𝑞 𝐴 𝐴

A positive Ssk value means a predominance of peaks on the
sampling area and a negative Ssk value suggests more
pronounced valleys along the surface profile.

Arithmetic average height of the surface,
Sa

𝑆𝑎 =

Root mean square height of the surface,
Sq

𝑆𝑞 = √
𝑆𝑠𝑘

Skewness of height distribution, Ssk

315

Selection Criteria

Table 3 Surface roughness (Sa, Sq and Ssk) results of the polymeric shoulder components.

Glenosphere

Humeral insert

Shoulder
No.

Manufacturer

Sa (µm)
Mean ± SD

Sq (µm)
Mean ± SD

Ssk
Mean ± SD

1

Aston Medical

1.379 ± 0.888

2.031 ± 1.580

- 0.313 ± 0.976

2

DePuy Synthes

0.285 ± 0.129

0.470 ± 0.269

- 0.948 ± 1.572

3

FX Solutions

0.215 ± 0.153

0.342 ± 0.256

- 0.262 ± 2.014

4

Lima Corporate

0.918 ± 0.360

1.219 ± 0.471

- 0.312 ± 1.371

5

Lima Corporate

0.962 ± 0.402

1.249 ± 0.588

- 0.897 ± 2.277

7

Tornier

2.768 ± 0.862

3.580 ± 1.120

- 0.524 ± 0.438

8

Zimmer Biomet

0.409 ± 0.183

0.533 ± 0.295

- 0.506 ± 1.205

9

Zimmer Biomet

0.558 ± 0.416

0.844 ± 0.738

- 0.180 ± 1.367

Mean ± SD

0.937 ± 0.838

1.284 ± 1.078

- 0.165 ± 0.575

10

Lima Corporate

1.385 ± 0.806

1.784 ± 1.037

- 0.170 ± 0.787

11

Lima Corporate

0.756 ± 0.435

1.018 ± 0.609

- 0.096 ± 1.198

12

Lima Corporate

1.561 ± 0.887

2.009 ± 1.150

- 0.080 ± 0.739

13

Mathys

1.224 ± 0.559

1.785 ± 0.891

- 0.878 ± 1.199

Mean ± SD

1.232 ± 0.346

1.649 ± 0.438

- 0.258 ± 0.428

.413

.043

.761

ρ-value

SD: standard deviation.
The parameter value of Ssk is dimensionless.
ρ-value of less than 0.05 was considered to show a significant difference (in bold).

Table 4 Surface roughness (Sa, Sq and Ssk) results of the metallic shoulder components.

Humeral insert

Glenosphere

Shoulder
No.

Manufacturer

Sa (µm)
Mean ± SD

Sq (µm)
Mean ± SD

Ssk
Mean ± SD

1

Aston Medical

0.046 ± 0.024

0.128 ± 0.161

- 0.869 ± 2.034

2

DePuy Synthes

0.016 ± 0.004

0.022 ± 0.011

- 1.486 ± 1.924

3

FX Solutions

0.042 ± 0.055

0.071 ± 0.101

- 0.529 ± 1.212

4

Lima Corporate

0.050 ± 0.051

0.074 ± 0.069

- 2.054 ± 2.287

5

Lima Corporate

0.025 ± 0.021

0.039 ± 0.038

- 1.453 ± 1.669

6

Lima Corporate

0.056 ± 0.024

0.087 ± 0.049

- 1.033 ± 1.248

7

Tornier

0.260 ± 0.252

0.379 ± 0.394

- 0.950 ± 1.322

8

Zimmer Biomet

0.097 ± 0.070

0.129 ± 0.097

- 0.023 ± 0.666

9

Zimmer Biomet

0.096 ± 0.093

0.128 ± 0.117

- 0.909 ± 1.790

Mean ± SD

0.076 ± 0.074

0.116 ± 0.113

- 0.822 ± 0.942

10

Lima Corporate

0.006 ± 0.002

0.010 ± 0.006

- 0.735 ± 1.205

11

Lima Corporate

0.018 ± 0.005

0.024 ± 0.007

- 1.369 ± 0.876

12

Lima Corporate

0.008 ± 0.008

0.010 ± 0.009

- 1.009 ± 1.269

13

Mathys

0.016 ± 0.003

0.022 ± 0.004

- 1.602 ± 1.149

Mean ± SD

0.012 ± 0.006

0.015 ± 0.007

- 1.179 ± 0.383

.032

.021

.340

ρ-value

SD: standard deviation.
The parameter value of Ssk is dimensionless.
ρ-value of less than 0.05 was considered to show a significant difference (in bold).

