
 

 

 University of Groningen

Evaluation and redesign of osteosynthesis plate, prodused in Indonesia
Dewo, Punto

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2011

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Dewo, P. (2011). Evaluation and redesign of osteosynthesis plate, prodused in Indonesia. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/a77dfc47-332e-464e-a0a2-498fb3f81dd3




Chapter 3

30

INTRODUCTION

Osteosynthesis	plates	are	often	used	in	orthopaedic	trauma	surgery	to	provide	fixation	
of fractured bone. Osteosynthesis plates act as structural support for the bone during bone 
healing and as a stress sharing or shielding device, depending on the fracture type and the 
construct	of	 the	fixation.	Plates	 for	 internal	fixation	of	 fractures	have	been	used	for	more	
than	 100	 years.	 In	 1895,	 Lane	 first	 introduced	 a	metal	 plate	 for	 use	 in	 internal	 fixation.	
Subsequent developments were done by Lambotte, Sherman and Eggers. These early plates 
were	abandoned	due	to	insufficient	strength1,5. The concept of compression between fracture 
fragments was introduced by Danis in 1949 and led to the development of a plate design with 
oval holes to provide interfragmental compression during screw tightening by Bagby and Janes 
in	1958.	This	design	was	made	popular	by	Perren	from	the	AO/ASIF	(Arbeitsgemeinschaft 
fur Osteosynthesefragen/Association for the Study of Internal Fixation) in 1969 through the 
introduction of the dynamic compression plate (DCP)6,7. The development of plate design 
continued with the introduction of Limited Contact Dynamic Compression Plate (LC-DCP), 
claimed to have 50% less contact surface with the bone. Subsequently the Low Contact 
Plate (LCP) was introduced for use especially in porous bones. Nonetheless, there are some 
disadvantages in the use of LC-DCP when compared to DCP. DCP has a better fatigue 
strength, whereas furthermore it appeared that the contact area between these two kind of 
plates actually is the same8,9,10.

Commonly used metallic implant materials are stainless steel alloys, titanium alloys 
and cobalt chrome alloys10. Stainless steel 316 L is the most popular material for osteosynthesis 
plates as it is biocompatible with a high modulus of elasticity. The stainless steel 316 LVM 
(vacuum melted) is considered to be the implant grade material as the composition is in 
accordance to the ISO and ASTM standards. Compared to titanium, both lower material 
costs and ease of fabrication make 316L plates cheaper with the possibility of being locally 
produced all over the world10,11,12. 

The demand for osteosynthesis plates in developing countries in general and in Indonesia 
in particular is very high as the result of the high incidence of trauma. Imported osteosynthesis 
plates are expensive. Moreover, importing osteosynthesis plates in large numbers, as may 
be	necessary	 during	 disasters	 like	 earthquakes	 or	 tsunamis,	 is	 difficult	 if	 not	 impossible.	
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Therefore utilization of available locally produced osteosynthesis plates is mandatory. There 
are manufacturers in Indonesia producing osteosynthesis plates, but their plates are hardly 
applied, since the mechanical strength of these plates is unknown. 

The	strength	of	a	material	is	defined	as	the	ability	of	a	material	to	resist	deformation	or	
failure. When a certain force is applied to a metal exceeding its yield strength, the metal will 
undergo permanent, plastic deformation. Plastic deformation happens due to slip, i.e. layers 
of atoms within the lattice structure move in relation to adjacent layers of atoms as a result of 
movement of dislocations. Microstructural features such as grain boundaries act as barriers 
to slip. Decreasing the grain size through work hardening of metal tends to retard slip and 
thus increases the strength of the metal13. The types of load acting on an osteosynthesis plate 
are compression, bending, and torsion in which bending forces cause the highest stress4.  

Osteosynthesis plates should have a high fatigue strength as well the ability to 
withstand cyclic loads produced by muscle contractions and total body weight1,2. An average 
person takes 9.000 steps per day, equivalent to 4.500 steps for each leg3. Post implantation, 
the weight bearing phase starts in the second month and lasts for about 4 months until solid 
union of the bone is achieved4. Thus, an osteosynthesis plate needs to withstand about half 
a million cycles (4.500 steps x 120 days) with a peak load of the complete body weight and 
muscle forces. Some factors known to alter the conditions for fatigue are stress concentration, 
residual stresses, corrosion, high temperature (including body temperature), microstructure 
(grain size), surface defects and inclusions13. Surface defects initiate cracks. 

Both microstructural and surface defects are important for the osteosynthesis plates 
performance. Yield strength of bone plate, dictated by the microstructural features, is 
important to bear the impact loadings, whereas the fatigue limit, dictated by both surface 
defects and microstructural features, is important to bear the cyclic loads during service14. 

The aim of this study was to determine the mechanical properties, i.e proportional 
limit and fatigue strength of Indonesian-made Narrow Dynamic Compression Plates (Narrow 
DCP) as one of the most frequently used osteosynthesis plates in comparison to European 
AO standard plates, and its relationship to microstructural features and surface defects of the 
plates.
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MATERIALS AND METHODS

DCP plates
Narrow	DCP’s	with	6	holes	produced	by	Synthes	(Mathys	Medical,	Switzerland)	are	used	as	
the standard AO plate (designated as S; Figure 1). Plates were obtained from 4 Indonesian 
manufacturers, designated as manufacturers A, B, C, and D. Two companies are located 
in Surabaya, and 2 companies are located in Bandung. Twenty plates were collected from 
each company. All plates were known to be manufactured of stainless steel with simple 
machinery.	The	material	composition	was	analysed	by	SEM/EDAX	and	depicted	in	Table	1.	
Screws were not studied, since screws are always imported from Europe.

Manufacturer
Elements (wt %)

Cr Ni Mo
ISO 5832-1 and 

ASTM F138 and F139
17-19 13-15 2.25-3.5

S 18.92 13.58 3.00

A 18.19   9.51 2.74

B 18.34   8.94 2.67

C 18.32   9.73 2.88

D 18.68   7.87 0.52

Figure 1:  Narrow Dynamic Compression Plate, (a) top view, (b) bottom view.

(a) (b)

Table	1.		 Chemical	composition	of	materials	of	narrow	DCP’s	from	different	manufacturers,	
determined	using	SEM/EDAX.
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Geometry of the plates
The main dimensions of the plates were measured using a digital sliding caliper: length, 
thickness, width, the maximum medial and lateral diameters of the holes, the smallest 
width of the plate material next to a hole and the eccentricity of the hole, determined by the 
difference between the left and right smallest width represented the geometric dimension of 
the plate (see Figure 2). A transversal cut of the minimum cross section was made and used 
to determine the cross sectional area and the area moment of inertia. The dimensions of 10 
plates of two different batches per manufacturer were determined. 

Figure 2a. Geometry of the cross-section of the plate. w = width, hd = hole diameter, td = 
taper diameter, h = height, t = thickness, sw = smallest width.

Figure 2b. The four locations of measurement of the smallest material thickness next to a 
hole. 

Surface Defect Study 
The plates were studied visually for scratches and rough areas. Subsequently, nondestructive 
liquid penetrant inspection (LPI) was used to detect surface cracks. With this method, cracks 
up to 5 µm wide and 10 µm deep can be visualized14. LPI was carried out on 12 bone plates 
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of	each	manufacturer	using	Spotcheck	Dye	Penetrant	Test	(Magnaflux,	3624	W.	Lake	Ave.	
Glenview, II 60026). First, all osteosynthesis plates were cleansed from dirt and grease using 
an accompanying grease remover and clean towel. The plates were subsequently dipped in 
penetrant oil for 25 min. Afterwards the remaining oil was wiped off and a developer was 
sprayed on each bone plate. Scratches and cracks present on the surface became visible 
as red spots or lines. Stereo-microscopic analysis was used to determine the nature of the 
indications. Per manufacturer, the total length of the scratches of all twelve plates was taken 
as a measure of the amount of surface defects.

Single cycle bending test
At	first	a	mechanical	single	cycle	bending	test	was	performed	to	determine	the	yield	strength.	
The tests were performed using a 4-point bending test setup (Figure 3) designed according to 
the ISO 9585: 1990 and ASTM F382-99 standards. The setup was installed in a Dyna-mess 
tensile	test	machine	(Dyna-mess	Prufsysteme	GmbH	Aachen/Stolberg	Germany,	maximum	
load 5 kN, maximum frequency 10 Hz) with accompanying software. These tests were 
performed with 10 plates per manufacturer. 
The tensile test machine provided an upward movement as suggested by the ISO 9585: 
1990 and ASTM F382-99 standards. Fixation of the bone plate to a roller at one side of 
the setup prevented horizontal movement of the plate, while roller bearings reduce friction. 
The	bone	plate	was	immersed	in	phosphate	buffered	saline	(PBS)	(NaCl	8.76	g/l,	K2HPO4 
1.4	g/l,	and	KH2PO4	0.27	g/l	at	pH	to7.4)	kept	at	37oC during measurements. The setup was 
manufactured from 316L stainless steel. To prevent corrosion fatigue of the setup, it was 
cathodically	protected	using	a	Zn	anode.	To	avoid	any	ion	exchange,	the	Zn	anode	was	kept	
in a separate reservoir (Figure 4). Electrical circuit was completed via a salt bridge (PBS + 
1.5% agar). 
The load was applied until the plate failed. The proportional limit of the plate as the reference 
value was taken as the point where the curve started to deviate from a straight line. The results 
from each manufacturer were averaged. To compensate for the differences in geometry the 
bending stress was calculated using the moment of inertia. This bending stress is an estimate, 
since the stress concentration is not included in the calculation due to the complex shape.  
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Figure 3. Schematic representation and actual picture of the four point bending test setup for 
single cycle and fatigue tests. The bone plate is partly visible, partly represented by a dotted 
line.

Fatigue test in bending
Secondly, high cycle fatigue bending tests were performed. The fatigue tests in bending 
mode were performed on the same Dyna-mess testing machine and set-up at a frequency of 
5 Hz. Ten plates from each manufacturer were used for this test. The positive and sinusoidal 
load cycle was chosen such that the minimal load was 10% of the maximal load (R = 0.1). 
This minimum load was chosen to keep the bone plate loaded continuously and mimic the 
muscular forces which are active even in the swing phase of walking. The highest maximum 
load was taken as 95% of the proportional limit and then the following samples were tested 
at a continuously decreasing maximum load with steps of 5% of the proportional limit 
until a load (fatigue limit) was achieved where the bone plate could withstand 3 million 
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cycles.	 This	 is	 defined	 as	 the	 fatigue	 strength.	Wöhler	 curves	were	 fitted	 to	 the	 applied	
load versus the number of cycles withstood for plates of each manufacturer. Plates from 
different	manufacturers	were	compared	based	on	the	fatigue	limit	and	Wöhler	curves.	After	
the fatigue test, the plates were photographed using a digital camera to document the location 
of the fracture.

Figure	4.	Cathodical	protection	using	a	Zn	cathode.

Grain size determination (Metallographic examination) 
After fatigue testing, all 10 samples of each manufacturer were cut to obtain four cross 
sections (Figure 5) with a Struers Discotom 5 table-top-cut off machine and embedded in a 6 
HQ compression mounting compound using a fully automatic Struers Labopress-3 mounting 
press with the following settings: heating time 6 min at 180oC, force 40 kN, cooling time 6 
min. Grinding was done using a Struers DAP V bench top laboratory grinder. Grinding was 
started with 240 grit number abrasive paper, and continued with the grit numbers 400, 600, 
1200,	and	4000	respectively.	To	remove	deformations	from	fine	grinding,	polishing	was	done	
with	colloidal	silica	particles	finer	than	1µm	on	a	neoprene	cloth.	Subsequently,	the	samples	
were etched to achieve microstructural contrast. The etching solution used was a mixture of 
1/3	distilled	water,	1/3	HCL	37%,	and	1/3	HNO3 65% at room temperature. Samples were 
immersed for 4 min in the solution, and subsequently rinsed in water and alcohol, and dried 
under hot air. 
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Samples	 were	 analyzed	 under	 a	 Leica	 DM	 2500	 optical	 microscope	 with	 bright	 field	
illumination. A 5 megapixels Leica DFC 420 digital camera system connected to the 
microscope	was	used	to	take	pictures.	Pictures	were	taken	with	magnifications	of	50x,	100x,	
200x, 500x, and 1000x. Lines were drawn on top of a micrograph, and the number of grains 
that crossed each line was counted and the average number of grains over multiple images 
was calculated. The real grain size was obtained using a scale bar.

Hardness measurements
All 10 cross sections 3 and 4 of plates from each manufacturer were used for hardness 
measurement. Cross sections 1 and 2 have been excluded since the cylindrical rolls that 
support the specimens and supply the fatigue load, caused local plastic deformation. The 
Vickers indenter was forced into the surface of the plate. The extent of the indent after removal 
of	 the	 indenter	was	 taken	 as	 a	measure	 of	 the	 specimen’s	 hardness.	Measurements	were	
performed with a manual Leitz microhardness system and with a Leco AMH43 automatic 
micro indentation testing system with a 200 g weight.

Figure 5.  Location of the cross sections that were examined: 1) grain size and grain 
orientation, 2) minimum cross section, 3) and 4) hardness measurement.                         

Statistics
Results	were	 analyzed	 using	 Statistic	 Software	 SPSS	 version	 17.0.	As	 the	 first	 step,	 the	
numerical data of single cycle bending test were analyzed using One-Sample Kolmogorov-
Smirnov Test to determine whether the distribution was normal or not. If the distribution 
was normal, an independent sample t-test was used to compare between the means of two 
groups. Data of the fatigue test in bending were analyzed using Linear Regression Analysis. 
Significance	was	set	at	p	<	0.05.	
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RESULTS 

Geometric data of the plates
Geometric data of the plates are shown in Tables 1, 2 and 3. All plates showed variations 
in geometry, and therefore the area moment of inertia was taken into consideration in the 
determination of the mechanical properties of the plates to exclude the effect of size and 
shape of the plate. The mean area of the cross section and area moment of inertia of the plates 
from each manufacturer are shown in Table 4.

Table 1.  Average and standard deviation of geometric plate data from manufacturers A, B, C, 
D, and for standard plates (S). See Figure 2 for exact measurement sites.

Manufacturer
Hole diameter (mm) Taper diameter (mm) Height (mm)
 Mean SD Mean SD Mean SD

S 5.58 0.07 8.05 0.09 4.29 0.06

A 5.45 0.11 8.02 0.04 3.98 0.06

B 5.35 0.12 8.50 0.00 3.92 0.10

C 4.72 0.04 7.78 0.10 4.90 0.08

D 6.14 0.11 7.93 0.05 4.92 0.09

Manufacturer
Thickness (mm) Width (mm) Length (mm)

  Mean SD  Mean SD  Mean SD

S 3.77 0.11 12.00 0.09 102.62 0.59

A 3.65 0.03 11.80 0.08 103.77 0.24

B 3.44 0.07 12.75 0.24 97.44 3.27

C 4.41 0.08 11.62 0.12 103.24 0.13

D 4.63 0.15 11.88 0.36 103.74 0.55
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Table 2:  Smallest width next to a hole for plates of each manufacturer (in mm).

Manufacturers

S A B C D

Mean SD Mean SD Mean SD Mean SD Mean SD

3.21 0.03 3.22 0.21 3.19 0.25 3.34 0.22 3.54 0.14

Table 3:  Eccentricity of the holes for plates of each manufacturer (in mm). 

Manufacturers

S A B C D

Mean SD Mean SD Mean SD Mean SD Mean SD

0.01 0.01 0.20 0.03 0.26 0.01 0.14 0.04 0.28 0.15

Table 4.  Mean area of the cross section and area moment of inertia of plates from each 
manufacturer A, B, C, D, and of standard plates (S).

Manufacturer Area (mm2)
Area moment of inertia 

(mm4)
S 24.1 39.1

A 23.0 32.8

B 26.3 41.7

C 30.8 62.3

D 29.4 71.9

Surface Defect Study 
Liquid Penetrant Inspection (LPI) showed scratches and rough areas on most plates. They 
were present at the inner side of the gliding holes (as seen in Figure 6), and less prominent 
irregularities were found on the lateral sides and on the concave bottom side. The total length 
of the scratches of all plates is depicted in Figure 7. 
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Figure 6.  Photographs of the plate holes viewed from above showing typical surface 
defects visible on an Indonesian Narrow DCP (Manufacturer D) as compared to 
the standard plate. The location of the pictures is presented above.

Figure 7: Total lengths of surface scratches on all plates from manufacturers A, B, C, D and 
of the standard plates (S) with error bars denoting standard deviations from 12 samples per 
bar.
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Single cycle bending test
Almost all Indonesian plates failed at a lower load than the standard plate, and after including 
the	area	of	moment	of	inertia	the	results	showed	that	all	Indonesian	plates	were	significantly	
weaker than the standard plate, as shown in Figures 8 and 9. 

Figure 8. Proportional load limit of the plates from manufacturers A, B, C, D, and of standard 
plates (S) with error bars denoting standard deviations from 10 samples per bar.

Figure 9. Proportional bending stress limit of the plates from manufacturers A, B, C, D and of 
standard plates (S) with error bars denoting standard deviations from 10 samples per bar.
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Fatigue test in bending
Indonesian plates showed worse fatigue performance as compared to the standard plate, as 
shown	in	Figures	10	to	15.	All	Indonesian	plates	were	significantly	weaker	than	the	standard	
plate with respect to bending stresses. Fatigue fractures occurred on both side of the holes 
(Figure 16). 

Figure 10. Fatigue limit of the plates from manufacturers A, B, C, D and of standard plates 
(S).

Figure 11. Fatigue bending stress limit of the plates from manufacturers A, B, C, D, and of 
standard plates (S).
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Figure 12.  Wohler curve of the plates from manufacturers A, B, C, D, and of standard plates (S).

Figure 13. Wohler curve for the plates from manufacturers A, B, C, D, and for standard plates 
(S) corrected for the area moment of inertia.
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Figure 14.  Trend lines of the fatigue limits of the plates from manufacturers A, B, C, D, and 
of standard plates (S).
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Figure 15. Trend lines of the fatigue limits of the plates from manufacturers A, B, C, D, and 
of standard plates (S) corrected for the area moment of inertia.

Figure 16. Fatigue fracture of the plates; photos 1-2: standard plate, photos 3-8: Indonesian 
plates.
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Metallographic examination
Microstructures of the plates are shown in Figure 17. The microstructure of the standard plates 
showed a large number of lines visible in every lattice which indicates cold deformation prior 
to manufacturing. This indication was not found in Indonesian plates. The average grain 
sizes	and	SD’s	are	shown	in	Table	5.	The	standard	plate	showed	higher	grain	sizes	than	the	
Indonesian plates (p = 0.02).

Table 5.  Average grain size (and SD) of the plates from manufacturers A, B, C, D, and of 
standard plates (S).

Manufacturer Grain size (µm)

S 32 (19)

A 26 (6)

B 19 (3)

C 19 (9)

D 16 (1)
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Figure 17: Microstructure of plates from manufacturers A, B, C, D and of standard plates 
(S).
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Hardness measurement
The	 standard	 plates	were	 significantly	 harder	 than	 the	 Indonesian	 plates	 (p	 =	 0.02).	The	
average hardness values ares shown in Table 6. 

Table 6.  Average hardness (and SD) of plates from manufacturers A, B, C, D, and of standard 
plates (S).

Manufacturer Hardness value 

S 332 (21)

A 202 (22)

B 212 (21)

C 206 (21)

D 206 (23)

DISCUSSION 
Low costs Narrow Dynamic Compression Plates produced in Indonesia are not often used. 
When the quality of local products is proven, the reluctance to use local products by surgeons 
from developing countries may disappear and larger scale production can be initiated. In this 
study the mechanical properties of plates from four Indonesian companies were compared 
with the mechanical properties of the standard AO-plate (S).

Surface defects
LPI with visible dye and visual inspection revealed the presence of defects with their location 
mainly at the inner side of the holes. Less prominent irregularities were found on the lateral 
side	 and	 on	 the	 concave	 bottom	 side.	This	 reflects	 the	 quality	 of	 surface	 finishing	 of	 an	
individual	plate.	Clear	differences	in	surface	finishing	were	also	observed	between	plates	from	
different manufacturers. The main problem with polishing was found in the plate holes and 
in the grooves at the end of the plates which represent a weak step in the production process, 
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most likely due to the use of inappropriate polishing tools by Indonesian manufacturers. 
These defects were found consistently at different locations from the crack initiation sites in 
fatigue fracture, as the fatigue cracks originated on a weak spot in geometry, i.e. very close 
to the widest part of the hole of the plate. Apparently the initiation of failure due to stress 
concentration at the sites of the holes is dominant over the initiation by surface defects.

Geometry
Indonesian plates have a wider range in geometry than the standard plate. The width next 
to a hole in Indonesian plates was found to vary largely, indicating that the position of the 
hole varied. Also the overall geometry differed between the Indonesian manufacturers. This 
difference necessitated the determination of the area moment of inertia to correct the fatigue 
data for these geometrical differences. 

Mechanical properties
For single cycle and fatigue evaluation in a bending mode, ISO 9586 and ASTM F382-99 
were followed for 4-point bending, although 4-point bending is not an actual representation 
of	the	clinical	situation.	Also	the	influence	of	loading	by	screws	is	not	included.	However,	we	
decided to follow these standards for reasons of standardisation. In the single cycle bending 
test, all Indonesian-made plates failed consistently at a lower stress as compared to the 
standard plate. In fatigue bending, all Indonesian plates failed at a lower stress as compared 
to the standard plate. These results of the mechanical test thus showed that Indonesian plates 
are biomechanically weaker. 
Austenitic metals like 316L ordinarily posses a fatigue limit15. A specimen can endure an 
infinite	number	of	cycles	with	a	 load	below	this	 limit	without	 failure.	Such	a	 limit	 is	not	
clearly seen in the Wohler curves in Figures 9 or 10. It is unlikely that such a limit does not 
exist in Narrow DCPs. Most likely the limit is above the number of cycles performed (3 x 
106). Fatigue literature suggests that at least 107 cycles to failure are necessary in rotating 
bending tests15, 16. However, we decided to use 3 x 106 cycles as fatigue endurance limit. This 
number of cycles is already six times more than needed for normal bone healing4. This safety 
factor of six amply accommodates with cases of abnormal bone healing, due to complicated 
fractures, mal- or non-union, and thus represents actual clinical situation. 
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Metallographic examination and hardness measurement
Metallographic examination revealed indications of cold deformation in standard plates, 
which explains their higher hardness and better strength. Indonesian plates showed a smaller 
grain size. Since smaller grains should theoretically yield better material strength, the effect 
of cold deformation on hardness and strength in standard plates appears to be stronger than 
the effect of a larger grain size10.

Overall evaluation
The result of the fatigue test of Indonesian-made plates showed that those were less good 
than the standard plate. From the results from measurements that were performed we can 
derive three causes. First cause is the material that is used; AO-plates are made from stainless 
steel 316 LVM (vacuum melted, implant grade), whereas Indonesian plates are made from a 
stainless steel of a lesser quality. Through the analysis of the material composition, it seems 
as if all Indonesian plates are made from stainless steel 316L, an inferior form of 316 LVM 
most probably used by the AO (Standard plate) 
Second cause is the manufacturing process. The manufacturing process of a particular narrow 
DCP in Indonesia uses simple machinery. Raw material in the form of a pipe instead of sheet 
was cut through to get the curvature form of the plate. The production methods of the Swiss 
AO	plate	are	kept	secret.	But	most	probably	they	use	a	flat	plate	that	is	forced	into	a	curved	
shape by cold deformation. Grain orientation and micro hardness support this theory. Cold 
deformation will increase the strength of the plate.
Third cause is the poor reproducibility of the manufacturing process.  The Indonesian 
plates show a great diversity in dimensions. We corrected the fatigue results for the overall 
dimensions, but could not correct the results for the positioning of the holes. The large 
eccentricity of the holes, as found in the Indonesian plates, will decrease the strength of a 
plate.
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CONCLUSION
All Indonesian-made plates are weaker than the standard Narrow DCP because they 
consistently failed at lower stresses. Surface defects did not play a major role in this, although 
the polishing of the Indonesian Narrow DCP was found to be poor. Geometry of the plates 
of the different manufacturers varied considerably, which partly explains the differences in 
strength. The standard plate also showed indications of cold deformation from the production 
process in contrast to the Indonesian plates, which might be a second reason for the differences 
in	strength.	This	 is	confirmed	by	 the	hardness	measurements.	A	third	reason	could	be	 the	
use of an inferior version of stainless steel 316. Mechanical properties of Indonesian-made 
Narrow DCPs therefore do not meet the AO standard. 
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