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Shear bond strength evaluation of five
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three radiopaque composites on
wet/dry dentine surfaces: An in vitro
study
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Shear bond strength of five dentine bonding agents
in combination with three radiopaque composites on
dry and wet dentinal surfaces was evaluated in this
study. Human premolar teeth mounted on acrylic
resin were sectioned to expose dentinal surfaces onto
which composites were fixed using a bonding agent.
An observation of the shear strengths obtained from
36 composite/bonding agent combinations on dry/wet
dentinal surfaces revealed no dentine adhesion for
composites in the absence of a bonding agent. Adhe-
sion using a bonding agent was found to enhance
shear strength values to varying extents depending
on the composite/bonding agent system used and the
nature of the dentinal surface. Bond strengths were
found to be higher on wet than dry dentinal surfaces
though this was found to depend to a large extent
upon the nature of the composite and/or bonding
agent system used. In certain cases, combination sys-~
tems other than recommended ones were found to
provide better strength values. This study shows that
shear bond strength depends not only on the nature
of the dentinal surface but also is specific of the
composite/bonding agent system used, thus providing
an insight into their apparent clinical behaviour.

BEING a living tissue, dentine is found to pose greater
obstacles to adhesive bonding than enamel. Attaining a
bond to dentine is more complex because dentine is a
vital tissue with a high water or organic content'. De-
velopment of newer generations of dentine bonding
agents In order to overcome these obstacles has become
the order of the day. Since Bowen’ developed a system
using surface active N-phenyl glycine/glycidyl meth-
acrylate (NPG~GMA) to improve the wettability and
consequently enhance adhesion, significant efforts have
been made to promote efficient chemical bonding be-
tween resin composite and dentine in order to produce
restorations without microleakage. Subsequently, a
number of new bonding agents have been developed and
marketed during the last few decades® which have been
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classified chronologically into generations and on the
basis of shear bond strength data by Eick et al.®.
Evaluation of bond strength provides a screening
mechanism and an indication of the potential for their
clinical success. Relationship between human dentine
characteristics and shear bond strength of adhesives on a

flat polished dentine surface has been Investigated ear-

lier’. Dentine properties were found not only to vary
with the type and age of the tooth but also according to
the location of the tooth, mainly the distance tg the pul-
pal wall. Erickson’ reported that dentine surfaces can be
of different structural and chemical composition and this
may influence the ability of dentine bonding systems 1o
obtain good adhesion. Asmussen and Munksgaard® have
reported a minimum dentine adhesion of 20 MPa to en-
sure gap-free margins. Most modern adhesive systems are
superior to their predecessors especially in terms of reten-
tion, sensitivity to substrate and other clinical covariables.

Wet dentinal surfaces have been reported to provide
better bond strength compared to dry surfaces’. Kanca
observed that when the surface is dry there is no inter-
action with water and the primer mixture is deposited on
the surface. However, dentine being an inherently wet
tissue, the ability to work with the substrate in its natural
state may facilitate clinical placement of the resin
bonding material. However, Charlton and Beatty® re-
ported that no significant difference was observed in
bond strength either in mojst or dry dentine ppon vsing
Scotchbond multi-purpose and Optibond. Air thinning of
the primer layer has been found to reduce the mean
shear bond strength to a limited extent’.

In this study, three radiopaque composites have been
bonded onto wet and dry dentinal surfaces using five
different currently used bonding agents and their shear
strength evaluated. In order to obtain an insight into

their apparent clinical behaviour, each composite has
been bonded onto dry/wet dentine surface with al five
bonding agents separately. Statistical methods have been
used to evaluate the significance of changes in bond
strength with respect to changes in each parameter such

as dry/wet surface, type of composite, type of bonding
agent, etc.

A total of 360 freshly extracted non-carious human
premolar teeth were collected and stored in normal
saline. They were cleaned of debris by placing them in
1% hydrogen peroxide solution for 24 h. Teeth having
cracks and fissures were discarded.

Three radiopaque light-cured composites and five
bonding agents (Table 1) were used in the study.

A two-piece split mould made of good quality stain-
less steel was fabricated. When clamped together, the
mould provided a hollow cavity of required dimension
to provide samples of 25 mm diameter, 6 mm thickness
which in turn has a support stem of 7 mm diameter and
14 mm length. Commercially available autopolymeriz-
ing acrylic resin and monomer were mjxed together as
prescribed by the manufacturer and poured into the SS
mould. When it reaches the dough state, the teeth sam-
ples (2 teeth per mould) were embedded horizontally on
the surface of the resin such that the proximal surfaces
of the teeth were just immersed (about 1 mm in depth)
below the surface of the mix. The two teeth were em-
bedded in opposite directions so as to facilitate easy
fixation of the composite and smooth testing procedure.
Embedded specimens were stored in distilled water.

The specimens were then mounted on a low speed
diamond saw (Buehler Isomet, UK) and sectioned care-
fully to expose the underlying dentine. The dentinal sur-
faces on the sectioned specimens were then polished
using a wet 600 grit silicon carbide paper for 20-30 s,

Table 1. Radiopaque composites and bonding agents used in the study

Composites Lot no. Source Composition

Radiopugue composite

2100 19970702 3M Co., MN, USA BIS-GMA, TEGMA, Zr or §i0,

Spectrum TPH 9606006 Dentsply DeTrey GmbH, Germany BIS-GMA & HMDI adduct, BIS-EMA,
TEGDMA, Si10,. Ba, Al §i glass

Chitra Under trials SCTIMST, Thiruvananthapuram, India  BIS-GMA, TEGDMA, radiopaque glass, Si0;

Bonding ugent

Single bond 19970414 3M Co., MN, USA
Scotchbond MP+ 19951211 3M Co., MN, USA
Prime and bond 2.0 9607059 Dentsply DeTrey GmbH, Germany
Prime and bond 2.1 9712000721 Dentsply DeTrey GmbH, Germany

Chitrabond 1.0 Under trials

SCTIMST, Thiruvananthapuram, India

BIS-GMA, HEMA alcohol, copolymer of
PAA & PIA

Prisner: Aqueous solution of HEMA & PAA
Resin: BIS-GMA/HEMA

PENTA, dimethacrylate gesin, acetone
PENTA, dimethacrylate resin, acetone,
cetylamine fluoride

Primer; Maleie acid/HEMA solution,

Resin: BIS-GMA/MHEMA

BIS-GMA; Bispheno! A-glycidyl methacrylate: BIS-EMA: Bisphenol A-ethyl methacrylate; HMDI, Hexamethylene diisot:yunz}lf:;
TEGDMA; Trieihylene glycol dimethacrylate; TEGMA, Triethylencglycol methacrylate; StQ2, Silica; PENTA; dipenta erythritol
penta—-acrylate monophosphate; PAA; Polyacrylic acid, PIA, Polyitaconic acid; HEMA, 2-Hydroxyethy! methacrylate.

CURRENT SCIENCE, VOL. 78, NO. 2, 25 JANUARY 2000



RESEARCH COMMUNICATIONS

Table 2. Eighteen composite/bonding agent systems selected for the study on both dry and wet dentine

Dry dentine Wet dentine
Batch no.  Compostic Bonding agent No. of teeth used Composite Bonding agent  No. of teeth used
! Spectrum P&B 2.0 10 Spectrum P&B 2.0 O
2 Z 130 Scotchbond MP+ 10 Z100 Scotchbond MP+ 10
3 Spectrum P&EB 2.1 10 Spectrum P&B 2.1 10
4 Z100 Single bond 10 Z100 Single bond 10
5 Chitra Chitrabond 1.0 10 Chitra Chitrabond 1.0 10
6 Spectrum No bonding agent 10 Spectrum No bonding agent 10
7 Z100 No bonding agent 10 Z100 No bonding agent 10
8 Chitra No bonding agent 10 Chitra No bonding agent 10
Combination study ) |
9 Z100 P&B 2.0 i0 Z100 P&B 2.0 10
10 Spectrum Scotchbond MP+ 10 Spectrum Scotchbond MP+ 10
(1 Z100 P&B 2.1 10 Z100 P&B 2.1 | 10
12 Chitra P&B 2.1 10 Chitra P&B 2.1 10
13 Chitra Single bond 10 Chitra Single bond {0
id Spectrum Single bond 10 Spectrum Singie bond 10
15 Spectrum Chitrabond 1.0 10 Spectrum Chitrabond 1.0 10
16 Z100 Chitrabond 1.0 10 Z100 Chitrabond 1.0 10
17 Chitra Scotchbond MP+ 10 Chitra Scotchbond MP+ 10
18 Chitra P&B 2.0 10 Chitra P&B 2.0 10

Eighteen groups of different composite/bonding agent
combinations were used 1n this study on wet and dry
dentinal surfaces (36 systems in all) as represented in
Table 2. A minimum of 10 teeth were used for meas-
urement of shear bond strength in each group.

The exposed dentinal surface was dried and etched
with etching gel (37% phosphoric acid, Scotchbond, 3M
Co., MN, USA) for 15 s. The surface was rinsed thor-
oughly for 15s with distilled water to remove the
etchant. For preparing dry dentine, the etched surface
was dried using oil-free compressed air for 20 s fol-
lowed by 5 s of hot air. In case of wet dentine surface,
the etched surface was left moist by using a moist cotton
bud and no compressed air was used at any stage for
drying. The adhesive was then placed using a fully satu-
rated brush tip for each coat. After the application of the
first layer, it was kept undisturbed for 30 s and then
dried with compressed air for 2-5 s and then exposed to
a visible light source (Caulk the Max, Canada) for 10 s.
A second coat was then applied, dried gently and light
cured agarmn for 10 s.

A brass ring of approximately 4 mm internal diameter,
3 mm wall thickness and 3 mm depth was kept on the
bonded dentinal surface. The composite, as the case may
be, was placed into the ring cavity in two increments
with each increment being cured for 40-60 s (Spectrum
TPH and Z-100 for 40 s and Chitra composite for 60 s).

Etching and preparation of dry/wet dentinal surfaces
have already been described. The adhesive was applied
using a fully saturated brush tip for each coat. However,
in case of single bond both the coats were applied con-
secutively, dried gently for 2-5s and light cured for

196

10 s. Composite placement and curing were as described
earlier 1n the article.

Scotchbond MP+ being a primer/adhesive system, a
single layer of the primer was applied first on the denti-
nal surface after etching, and dried gently for 5s. Then
the adhesive was applied (single layer) and light cured
for 10 s. The composite was subsequently placed and
cured as mentioned earlier.

Chitrabond is an indigenously developed light cure
bonding agent based on a primer/adhesive system'".
After etching, the surface was rinsed for 60 s and then
dried with oil-free compressed air for 20 s and hot air
for 5 s. A single coat of the primer was applied and left
to dry for 30 s followed by 2-5 s under compressed air.
A thin layer of adhesive was then applied on the surface
and cured for 20 s. Composite packing was as detailed
earlier.

Batches 6, 7 and 8 1n Table 2 show the three radio-
paque composites bonded without any bonding agent
after etching onto dry and wet dentinal surfaces. This
was carried out to study the significancé of bonding
agent in determining the final shear strength at the com-
posite/dentine interface.

All the specimens were stored in distilled water at
37°C for 24 h in an incubator. The stored specimens
were then taken out and tested for shear bond strength
using a Universal Testing Machine (INSTRON, Model
1011, Buckinghamshire, UK) at a crosshead speed of
I mm/min. The machine was interfaced with a personal
computer through which operation of the equipment was
controlled and the shear bond strength was calculated
using a suitable software. The upper platen of the ma-

CURRENT SCIENCE, VOL. 78, NO. 2, 25 JANUARY 2000
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chine was mounted with a stainless steel loop wire of
0.6 mm diameter (~ 23 G) which was used to shear away
the brass ring containing the composite adhered to the
dentinal surface. Load at break was noted in Newtons
and shear bond strength calculated from the load to sur-
face arca value. A minimum of 10 samples were tested
in cach group. The best six values were chosen, mean
shear strength in Mega Pascals (MPa) and standard de-
viation were calculated.

Significance of strength values between groups was
analysed statistically using the analysis of variance
(ANOVA) method. Broken specimens were examined
under a magnoscope (Lensel Optics, Pune) of nearly 5 X
to study the nature of break at the composite/dentine
interface.

Figure | compares the mean shear strength values ob-
tamned for all the 18 composite/bonding agent systems
on dry and wel dentine surfaces. Statistical significance
of the bond sirengths obtained was evaluated using
ANOVA single factor statistical analysis in dry and wet
conditions for cach individual system and the results are
represented 1n Table 3.

Ten out of the 18 systems studied showed significant
changes in bond strength when the nature of the surface
was changed (Table 4) including four of the recom-
mended systems (2, 3, 4 and S in Figure ). Spectrum

System studied

20
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© 16
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TPH/P&B 2.0 (1), however, did not show statistically
stgnificant changes in bond strengths in dry and wet
conditions though the mcan value on the wet surface was
signtficantly higher than that on the dry surface.

A comparison of the bond streneths of (he systems
(Figure 1) where significant changes were observed in-
dicate that in most of the systems, wet dentinal surface
tends to improve the bond strength compared to dry
dentinal surface. Exceptions to this were observed in
surfaces where Chitrabond 1.0 was used (5, 15 in Figure
1) where dry surfaces provided high bond strengths
compared to wet surfaces. In fact, bond strength 1n
Chutra/Chitrabond 1.0 system (5 in Figure 1) rose from
4.6 to nearly 12.28 MPa when the surface was rendered
dry. Similarly in Spectrum TPH/Chitrabond 1.0 system
(15 tn Figure 1) the value rose from 3.59 to 8.49 MPa in
dry conditions.

Table 5 compares the bond strength values obtaincd
for the three composites when used along with the five
bonding agents on dry as well as wet dentine. ANOVA
statistical analysis shows significant changes in strength
with different bonding agents for each composite (Table

5). Results obtained for each composite will be dis-

cussed now in detail.

Of the five bonding agents used along with Spectrum
TPH on dry dentinal surfaces, the mean shear bond val-

[l Dry Dentine

[1 Wet Dentine

Combination

P 1 SPEC/PB20
’ 2 Z100/SBMP
# 3 SPEC/PB21
’ 5 4 Z100/SB
g g 5 CHI/CB10
g s g 6 SPEC/NBA
’ ’ ‘ 7 Z100/NBA
g 8 CHI/NBA
’ i ’ ; 9 Z100/PB20
l $ 10 10 SPEC/SBMP
’ ’ SIRig 11 2100/PB21
- ’ ’ ’ 12 CHI/PB21
i ’ ’ ’ 13 CHI/SB
' 14 SPEGC/SB
’ f ‘ ], ’ ’ 15 SPEG/CB10
# ’ saRd ’ ‘ 16 Z100/CB10
’ ’ ’ ‘ i ’ : 17 CHUSBMP
/ ' AT 18 CHI/PB 2.0
12 13 14 15 16 17 18

Bonding agent system

Figure 1. Bar diagram showing shear strength values obtained for 18 systems adhered to dey/wet dentinal surfaces. SPEC
Spectram TPH; ClHL, Chitra;y PB, Prime and bond; SBMP, Scotchhond mulii- burpose plus; SB, Single bond; CB 10, Chitruboml

1.0; NBA, No bonding agent,

CURRENT SCIENCE, VOL. 78, NO. 2, 25 JANUARY 2000
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Table 3. Shear bond strength (MPa) values obtained for systems studied on dry and wet dentinal

Composite —>

Spectrum TPH

Bonding agent 4

surfaces

NB A Dry .24 (0.20)*
Wt (0.00 (0.00)

P&B 2.0 Dry 6.38 (2.97)
Wet {1.06 (5.01)

Scotchbond MP+ Dry 5.68 (0.91)
Wet 11.29 (3.59)

P&B 2.1 Dry 3.96 (1.08)
Wet 8.26 (2.15)

Single hond Dry 0.87(6.23)
Wet 16.76 (3.1)

Chitra bond Dry 8.49 (2.45)
Wet

3.59 (1.32)

2100 Chitra
0.00 (0.00) 0.21 (0.24)
0.00 (0.00) 0.00 (0.00) |
4.53 (1.59) 7.19 (2.56)
355(1.47) 0.58 (3.33) ‘
6.32 (1.50) 9.68 (3.39) '

13.65 (4.36) 14.23 (3.95)
5.82(1.23) 5.55(1.34) l
0.06 (3.99) 4.83 (1.64)
2.77 (0.40) 5.93 (2.74)

12.07 (3.48) 11.84 (2.14)
3.96(2.18) 12.28 (2.70)
3.01 (1.16) 4.6 {(0.65)

—

Ml R

Values joined by straight vertical line are stans.cally insignificant (P > 0.05); NBA, Mo bonding
agent used: *Values within brackets indicate standard deviation.

Table 4. Effect of nature of dentinal surface upon shear bond
strength

F L S L

System where nature of
dentine surface affects the
bond strength significantly

Systemn where nature of
dentine surface does nor affect
the bond strength signtficantly

Spectrum TPH/P&B 2.0¢
Z100/P&B 2.0
Z100/P&B 2.1
Z100/Chitrabond 1.0
Chitra/No bonding agent

Spectrum TPH/no bonding agent
Spectrum TPH/Scotchbond MP+
Spectrum TPH/P&B 2.1*
Spectrum TPH/Single bond
Spectrum TPH/Chitrabond 1.0

Chitra/P&B 2.0 Z!100/No bonding agent
Chitra/Scotchbond MP+ Z100/Scotchbond MP+*
Chitra/P&B 2.1 Z100/Single bond*

Chitra/Single bond
Chitra/Chitrabond 1.0*

*Indicates recommended systems.

ues obtained decreased in the order Single bond 2
Chitrabond 1.0 =Prime & bond 2.0 2 Scotchbond
MP+ > Prime and bond 2.1 > No bonding agent (Figure
2 and Table 5). However, statistical analysis data reveal
that there is no significant difference in bond strength

values obtained when Spectrum TPH was used with -

Single bond, Chitrabond 1.0, P&B 2.0 and Scotchbond
MP+ (P> 0.05). P&B 2.1 did not seem to provide
adequate bond strength on dry dentine with Spectrum
TPH.

All bonding agents with the exception of Chitrabond
1.0 performed better with Spectrum TPH under wet
conditions showing higher bond strength values (Figure
2). Use of Single bond with Spectrum TPH in wet denti-
nal conditions exhibited a bond strength of nearly
17 MPa compared to 11 MPa and 8.26 MPa obtained for
P & B systems (which are recommended systems by the
manufacturer). Values obtained using a fourth genera-
tion bonding agent such as Scotchbond MP+, when used

198

[0 Dry Dentire

20 SPECTAUM TPH
@ Wet Dentine

i8
16

14

Singte Bond

 mImImIm m MmM i

12

P&B 2.0

B ONNANNRNNNNNRNNN

10

ScotchBond MFP+

B NN

Chitra Bond 1.0

P&B 2.1

I NN

Shear Strength, MPa

N
NBA

RN

Bonding agent system

Figure 2. Bar diagram indicating shear strength values obtained for
Spectrum TPH radiopaque composite used with five bonding agents
on dry/wet dentinal surfaces.

with Spectrum TPH, were comparable with that of P&B
2.0. In fact, bond strength decreased in the order Single
bond > Scotchbond MP+2P&B 202P&B 2.1>
Chitrabond 1.0 > no bonding agent.

Weak bonding was noticed in all cases when Z100
composite was adhered onto dry dentine using various

~bonding agents (Figure 3 and Table 5) as indicated by

the low strength values. Mean values were found to de-
crease in the order Scotchbond MP+ > P&B 2.1 =2 P&B
2.0 2 Chitrabond 1.0 2 Single bond > no bonding agent.
Single bond adhesion shows low strength (2.77 MPa),
most likely due to poor behaviour of the bonding agent
in the dry state.

Wet surfaces improve bond strengths for Z100 com-
posites when used along with Scotchbond MP+ (6.32 to

CURRENT SCIENCE, VOL. 718, NO. 2, 25 JANUAKRY 2060
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Table 5. Shear strength (MPa) values for systems studied

“

Composite — Spectrum TPH Z100 Chitry
Bonding agent | -
Dry Wet Dry Wet Dry Wet

NBA (.24 (0.00 .00 0.00 (J.21 0.00
(0.2)* (().24)

P&B 2.0 6.38 ‘,ré 11.06 453 | « 355 € 7.19 < 9.58 |
(2.97) (5.01) | (1.59) (1.47) (2.56) (3.33)

Scotchbond MP* 5.68 11.29 6.32 < 13.65 9.67 < 1423
091 <1 | 3.59) | (1.9 (4.36) (3.35) < ] 3.95)€

P&B 2.1 3.96 8.26 3.82 9.06 3.95 4.83
{(1.08) (2.15) (1.23) < (3.99) (1.34) (1.64) <

Single bond 9.87 16.76 277 12.07 593 led | 1184
(6.23)| < (3.1) (0.4) (3.48) (2.74) (2.14)

Chitrabond 1.0 8.49 1 I 3.59 396 |« 301 «f 1228 4.60
(2.45) (1.32) (2.18) (1.16) (2.7) < ((0.65)

Values joined by the same vertical line are sfafistically 1nsignificant (P > 0.05); *Values within
brackets indicate standard deviation; NBA. No bonding agent used.

13.65 MPa)} and single bond (2.77 to 12.07 MPa) sys-
tems whereas tor other systems the rise is insignificant
(P>0.05). Mean bond strengths vary in the order
Scotchbond MP+ 2 Single bond 2 P&B 2.1 > P&RB
2.0 2 Chitrabond 1.0 > no bonding agent.

Third bond fourth generation primer/resin systems
such as Chitrabond 1.0 and Scotchbond MP* provide
maximum bond strengths with Chitra radiopaque com-
posite, a newly developed material''. Chitrabond 1.0
which is the recommended bonding agent is seen (o
provide a value of 12.28 MPa in the dry dentinal surface
(Figure 4 and Table 5). In fact, this system is found to
give the highest bond strength among all systems studied
Including control recommended systems on dry dentinal
surfaces. Mean bond strengths varied in the order
Chitrabond 1.0 2 Scotchbond MP+ > P&B 2.0 > Single
bond 2 P&B 2.1 > no bonding agent. Chitra composite
was capable of bonding with all bonding agents giving a
minimum bond strength value of 5 MPa whereas in other
systems this was not the case.

Chitrabond 1.0 showed high values on dry dentine and
not on wet dentine (4.60 MPa). This has been also ob-
served in cases wherever Chitrabond 1.0 was used. On
wet surfaces, Scotchbond MP+ showed highest bond
strength with Chitra composite (14.23 MPa) followed by
Single bond (11.84 MPa), a sharp rise from 5.83 MPa in
the dry state, P&B 2.0 (9.58 MPa) followed by P&B 2.1
(4.83 MPa) = Chitrabond. No significant difference in
bond strengths was noticed when P&B 2.0, Scotchbond
MP+ or Single bond was used with Chitra composite.
Similarly Chitrabond 1.0 and P&B 2.1 behaved identi-
cally without showing significant changes in strength
values.

Mean shear bond strengths obtained for all the 36
composite/bonding agent systems are listed in Table 6 in
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Figure 3. Bar diagram indicating shear strength values obtained for
Z100 radiopaque composite used with five bonding agents on
dry/wet dentinal surfaces.

a descending order to provide an idea about the per-
formance of each system and for ready comparison.
Table 6 reveals that practically no bonding exists at
the dentine/composite interface when bonding agents
were not used. So it is highly essential that a suttable
bonding agent system should be used along with the
composite to ensure strong adhesion to the dentinal sur-
face 1n chinical practice. Wet surfaces provide better
bond strengths compared to dry surfaces in most cases.
This may be due to collapse of the collagenous layer in
the dentinal tubules after acid etching, thereby prevent-
ing the penetration of the bonding agent into the tubulcs
tor micromechanical bonding. At lcast 7 systems yiclded

1949
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Table 6. Bond strength values obtained for systems studied on dry and wet dentinal surfaces

i enleniinl dnge.

System Nry System Wet
Cuomposite Bonding agent Bond strength, MPa Composite Bonding agent  Bond strength, MPa
Chitra Chitrabhond 1.0 228 ¢2.70)* Spectrum Stngle bond 16.76 (3.1{}
Spectrum™** Singe bond 9.87 (6.23) Chitra Scotchbond MP+ 14.23 (3.95)
Chitra Scotchbond MP+ 9.67 (3.35) 2100 Scotchbond MP+ 13.65 (4.36)
Specinim Chitrabond 1.0 5.49 (2.45) Z 100 Singe bond 12.07 (3.48)
Chitra PAB 21 7.19 (2.56) Chitra Single hond [E.84 (2.14)
Spectrm P&B 2.0 6.38 (2.97) Spectrum Scotchbond MP+ 11.29 (3.59)
Z10D Seotchbond MNP+ 6.32(1.5) Spectrum P&B 2.0 [1.06 (5.01)
Chitra Single bond 5.93(2.74) Chitra P&B 2.0 9.59 (3.30)
2100 P&B 2.1 5.82(1.23) Z100 P&B 2.1 9.06 (3.99)
Spectrum Scotchbond MP+ 5.68 (0.91) Speetrum P&RB 2.1 8.26 (2.15)
Chitra P&B 2 5.85 (1.34) Chitra P&B 2.1 4.83 {1.64)
Z1010 P&B 2.0 4.53 (1.539) Chitra Chitrabond 1.0 4.60 (0.65)
Spectrum PXxB 2.1 3.96 (1.08) Spectrum Chitrabond .0 3,59 (1.32)
Z100 Chitrabond 1.0 3.96 (2.18) Z 100 P&B 2.0 3.55 (1.47)
Z100 Single bond 2.77 (0.4) 2100 Chitrabond 1.0 3.01 (1.16)
Spcetrun NBA 0.24 (0.20) Spectrum - NBA 0.00 (0.0)
Chitra NBA 0.21 (0.24) Chitra NBA .00 (0.00)
2100 NBA 0.00 (0.00) Z1030 NBA 0.00 (0.00)

e —— N —

L L e

*Values in brackets indicate standard deviation; ¥*Spectrum TPH; NBA; No bonding agent,
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Figurc 4. Bar diagram indicating shear strength values oblained for
Chitra radiopaque composite used with five bonding agents on
dry/wet dentinal surfaces,

mean bond strength values above 10 MPa on wet sur-
faces (Table 6). However exceptions do exist where the
dry surfaces arc found to provide better bond strengths
as observed for Chira/Chitrabond 1.0 system. Chi-
trabond 1.0 is a primer/resin system that does not adhere
well on wet dentinal surfaces which may be due to the
hydrophilic character of the surface.. P&B 2.0, 2.1,
Single bond, etc. contain either alcohol or acetone
which tend to dchydrate the wet surfaces, thercby facili-
lating casy penetration of the bonding agent into the
tubulfcs. Absence of these chemicals may also be
one of the contributing factors for the sharp decrease

2(H}

in bond strength of Chitrabond 1.0 system on wet sur-
faccs.

Interestingly, many of the combination systems tried
provided better shear values than recommended systems.
Spectrum TPH combined well with Single bond to pro-
vide the highest shcar strength value. Similarly Chitra
composite with Scotchbond MP+ and Single bond also
showed high valucs. This may be of interest to clinicians
and the reason for this may be mainly atiributed to the
chemistry of the chemicals used and better compatibility
with the dcntinal surface.

In many systems such as Spectrum TPH/P&B 2.0,
Z100/P&B 2.0, Z100/P&B 2.1, Z100/Chitrabond [.0,
Chitra/P&B 2.0, Chitra/Scotchbond MP+, Chitra/P&B
2.1, the diffcerence in bond strength valucs between dry
and wet surfaces 1s statistically nsigniftcant (Table 3).
[t can be concluded that the nature of the dentine surface
1s relevant 1n certain composile/bonding agent systems
and not necessarily in all the cases.

Values for shear bond strength obtained for the 30
systems (excluding those without bonding agents)
showed the values to range {rom a mintimum of
2.77 MPa to a maximum of 16.76 MPa (Table 6). When
the sheared specimens were examined under the magno-
scope, it was found that most of the lracture was adhe-
sive in naturc (occurring at the dentine/bonding agent
interface). Wide vartations were found to occur in the
bond strength values for the samce system resulting In
ncarly 20-30% standard deviation which may be duc to
the variation in the nature of the dentinal surface, depth
of the exposed dentinal surface, history of the tooth,
storage period, ctc. In this study, a minimum of 10 teeth
were uscd for each system and in certain cases it was
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increased up to a maximum of 18. However, it is felt
that wherever the deviation values are higher, it is nec-
essary to subject more tooth samples to that particular
system so as lo obtain mean strength values with accept-
able deviation ranges.
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Errata

Mechanism of ATP synthesis by
protonmotive force

Hirdesh Rohatgi, Anjanabha Saha and
Sunil Nath

[Curr Sci,, 1998, 75, 716-718)

The numbering of amino acid residucs of the ¢ subunit
of ATP synthase corresponds to Eschierichia coli (and
not to bovine heart mitochondria, as inadvertently tm-
plied). Thus, lines 36-37 on p. 718 should read,
‘Further Ser-108 of the rotating £ subunit (Escherichia
coli numbering) interacts covalently'*'” with Glu-381
(Escherichia coli numbering, corresponding to Glu-395
in bovine heart mitochondria) of Bg...". Similarly, in
figure 1, the numbering of the important amino acid
residues is for Escherichia coli, while the labelling in
the figure is for mitochondria. Therefore, in Figure 1,
the label, ‘Inner membrane’ should be substituted by
‘Inner membrane/periplasm’, while the label, ‘Matrix’
should be replaced by ‘Matrix/cytoplasm’. The second
line tn the legend to Figure 1 should read, "The tmpor-
tant amino acid residues are shown’. These corrections
do not in any way alter the results or conclusions of the
communication.
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The opening sentence of the concluding paragraph
should read as, ‘Undcrperformance of the PHWRs and
the cost and timc overruns in installing them may have
been the underlying reasons for the decision to purchase
two Russian reactors of 1000 MWe each’.
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