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Abstract
Aim: To assess the physical and mechanical properties of plaster of Paris (POP) bandage cast used as a splinting and casting 
materials.

Materials and Methods: POP casts were divided into three Groups A, B and C with 2, 3 and 8 layer for POP bandage, 
respectively (n=6 in each group). Handling characters, technical easiness or difficulties, setting time, weight, diameter and 
thickness of the casts were recorded for different groups. The casts were mounted on universal testing machine and axial 
load was applied @ 10 mm/min until failure. The load deflection graphs were plotted. The maximum force at which failure 
of the casts occurred was recorded. Stress, strain, modulus of elasticity (MOE) and stiffness of casts were calculated.

Result: Construction of POP bandage cast was messy and required 45-60 min for hardening. 8 layer POP cast was 
comparatively heavier in weight and thicker in cross section than 3 layer cast followed by 2 layer cast. Under axial 
compression, the load bearing capacity of 8 layer POP casts was more than 2 and 3 layer cast.

Conclusion: The values of load bearing capacity, stress, stiffness and MOE of cast were the highest for 8 layer POP cast 
followed by 2 and 3 layer cast. Use if splints with POP cast is recommended due to its poor mechanical properties.

Keywords: axial load, cast, compression, physical properties, plaster of Paris bandage.

Introduction

An orthosis is a custom-made or prefabri-
cated device applied to a segment to stabilize, pro-
tect, promote healing, prevent or correct deformity 
or assist function that includes casts and splints [1]. 
Historically, plaster of Paris (POP) have been the most 
commonly available material used both for immobi-
lization of acute lesions or mobilization splinting. It 
is called POP because it was first prepared from the 
gypsum (calcium sulfate dehydrate) mined in Paris, 
France. Gypsum plaster or the POP, is produced by 
heating gypsum to about 300°F (150°C). When the 
dry plaster powder is mixed with water, it re-forms 
into gypsum. The setting of unmodified plaster starts 
about 10 min after mixing and is complete in about 
45 min; but not fully set for 72 h [2].

The casting material can be POP and synthetic 
casting materials like fiberglass or polypropylene sub-
strate impregnated with water activated polyurethane 
resin [3]. POP has been used with aluminum and bam-
boo splints to manage the closed fractures below the 

stifle and elbow joints in case of large animals [4,5]. 
Complications of POP include muscle atrophy, hoof 
exposure, rope gall, and pressure point bites [6]. The 
disadvantages of POP include long setting times, 
messy application, its poor mechanical and radio-
graphic properties and high water permeability [7,8]. 
Still POP casting is one of the most widely used meth-
ods of external fixation in veterinary practice because 
of its easy availability and low cost as compared to 
synthetic fiberglass bandages.

However, the incidence of breaks of POP splints 
is a concerning matter [8]. Therefore, knowledge of 
the materials properties and handling techniques is 
of great importance when constructing orthoses and 
prostheses [9].

Thus, the purpose of this study was to evaluate 
the physical and mechanical properties of specimens 
constructed with POP bandages for use in orthopedic 
casts and splints.
Material and Methods
Preparation of the sample cast

Totally,18 sample casts (10 cm length) made 
of POP bandage (Fixplast Wilson Tapes Pvt. Ltd. 
Mehsana, Gujarat) were divided into three Groups A, 
B and C with 2, 3 and 8 layers of POP bandage, 
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respectively (n=6 in each group). POP bandage was 
soaked in lukewarm water till bubbles come out and 
then squeezed gently, after which it was wrapped 
around the polyvinyl chloride (PVC) pipe of 25 mm 
diameter and external surface smoothed to prevent 
crack (Figure-1). The cast prepared was then allowed 
to dry and harden. After application of all casts, each 
cast was allowed to dry for 24 h before the PVC pipe 
former was removed (Figure-2). Then an additional 
48 h was allowed for full drying before mechanical 
testing.

The weight of each casts was taken with digital 
weighing machine. The outer diameter and thickness 
of each cast sample was measured at different loca-
tions with digital vernier calipers and then the aver-
aged values were determining the given cast’s outer 
diameter and thickness. The location of the measure-
ment site at each end of the cast was selected at ran-
dom. Additionally, basic aspects were controlled to 
guarantee the standardization like construction of all 
specimens by a single operator.
Biomechanical testing

Sample casts were mounted on universal test-
ing machine (UTM - Autograph AG-100 KNG), and 
axial load was applied @ 10 mm/min until failure 
(Figure-3). The load deflection graphs were plotted. 
The maximum force at which failure of the casts 
occurred was recorded. In addition, stress (N/mm2), 
strain, stiffness (N/mm) and modulus of elasticity 
(MOE) (N/mm2) of casts were calculated [10].
Statistical analysis

Data obtained were analyzed using ANOVA, and 
mean differences were tested for statistical signifi-
cance by Duncan’s multiple range test using software 
(Statistical Package for Social Sciences version 15.0, 
IBM, US). Significance was recorded at p<0.05.
Results

Construction of POP bandage cast was easy 
with good molding properties but was a little 
messy. Mean ± SE of hardening or setting time was 
48.64±0.98 min.

Physical parameters (weight, diameter and thick-
ness) and mechanical parameters (load, stress, strain, 
stiffness, MOE) of POP casts increased with the 
increase in number of layers of bandage (8>3>2). Inner 
diameter of the casts was kept constant as 25 mm for 
all the samples. The weight, outer diameter and thick-
ness of 8 layer POP cast was significantly (p<0.05) 
higher than 3 layer and 2 layer cast (Table-1).

The mean ± standard error (SE) value of maxi-
mum load taken by 8 layer POP cast was 366.67±26.35 
N (≈36.67 kg), was significantly (p<0.05) higher than 
3 layer (58.33±4.17 N, ≈5.83 kg) and 2 layer POP 
cast (29.17±2.63 N, ≈2.91 kg). However, there was 
no significant (p>0.05) difference was observed in 
load, stress, strain and stiffness between 2 layer and 
3 layer POP casts. The mean ± SE value of stress 

strain and stiffness recorded for 8 layer POP cast was 
 significantly (p<0.05) higher than 3 layer followed by 
2 layer POP casts. However, MOE showed no signifi-
cant (p>0.05) difference between three sub-groups of 
POP sample casts (Table-1).
Discussion

Casts can be a very effective, rigid form of fix-
ation when applied properly. Casts are defined as the 
orthotics that is made of POP or other fiberglass ban-
dages and cannot be removed from the patient [11]. 
It is extremely important to remember that the cast 
and splint must immobilize both the joint above and 
below the fracture. They are ideal for closed fractures 
located below the elbow or stifle [3]. POP casting is 
one of the oldest methods of fracture fixation and the 

Figure-1: Construction of plaster of Paris cast on polyvinyl 
chloride mold.

Figure-2: Plaster of Paris bandage cast.

Figure-3: Compression testing performed on plaster of 
Paris cast.
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universal acceptance of POP as a casting material is 
largely owing to its low cost and ease of molding.

In the present study, we prepared 2, 3 and 8 layer 
sample casts of POP bandages. In order to minimize 
the variation, the length of all sample cast was kept 
10 cm, and an inner diameter was kept constant as 
25 mm, similar to the earlier studies [11-13]. 8 layer 
sample casts were prepared for standardization of pro-
cedure for both sampling and biomechanical study 
as described in an earlier study [11]. Nevertheless, in 
clinical situations we are using either two or three layer 
POP casts. Thus, we prepared two and three layers of 
sample casts for biomechanical testing as well. In an 
earlier study, POP bandage was tested for its mechan-
ical properties by making cast samples of 3, 6, 8, 10, 
12 and 14 layer of POP bandage. They suggested that 
the use of 10 layers of POP yields a better relationship 
between material’s weight and final strength [12].

Handling of POP bandage cast was easy with 
good casting properties. Application of POP cast was 
messy and cumbersome. Similar findings were also 
reported in earlier studies [14]. In addition, harden-
ing time for the POP cast was 48.64±0.98 min. Earlier 
clinical studies reported the hardening time of POP 
casts as 15-20 and 20-25 [6,15]. The higher value of 
the hardening time of POP casts in the present study 
may be due to the higher humidity in this area, which 
might have led to delay in drying of the cast, in addi-
tion to the different brand of the cast material used.

For all the three sub-groups, 8 layer POP cast was 
heavier and thicker than 3 layer followed by 2 layer 
cast. An increase in weight corresponding with a num-
ber of layers is also reported in an earlier study [12].

Compression testing was done on POP casts 
after mounting them on UTM, and an axial load was 
applied @ 10 mm/min until failure [11-13].

In the present study, the load taken by 8 layer 
POP cast was 6.28 times higher than 3 layer cast. Also, 
there was an approximately, 2 fold increase in load 
taken by 3 layer POP cast as compared to 2 layer cast. 
In an earlier study different brand of 8 layer POP casts 
were compared, wherein, maximum load taken for dif-
ferent brands came as 612.85±58.61 N for A brand, 
482.80±60.54 N for brand B and 516.84±32.04 N for 
brand C [11]. The difference in the values of the load in 
the two studies may be due to the different brands of cast 
material used. In addition, the experimental conditions 

are also different for different studies that also add to the 
variation in the results and the results cannot be directly 
compared.

The mean ± SE values of stress, stiffness and 
MOE were also higher for 8 layer POP cast as com-
pared to 3 layers followed by 2 layer cast. In the pres-
ent study, maximum load taken by the 2, 3 and 8 layer 
POP casts were nearly about 2.91 kg, 5.83 kg and 
36.67 kg, respectively. Consequently, in the clinical 
situations, the use of splints along with POP bandage 
casts is highly recommended, as the inherent strength 
of the POP casts is very low. However, for more load, 
addition of more layers of POP bandage is required, 
which adds to the bulk and weight of the casts.
Conclusion

To conclude, preparation of POP cast is messy 
and required more time for hardening. As the number 
of layers increases, the values of load bearing capac-
ity, stress, stiffness and MOE of cast increases. But 
the addition of layers also adds to the weight and bulk 
of the cast and hence use of splints with POP cast is 
recommended.
Authors’ Contributions

AJP and SKT designed the study. SKJ, DNS and 
RHB helped in recording of the data and collection 
of literature. DVP and IMB contributed in sample 
preparation. VSD and JNM drafted and corrected the 
manuscript. All authors read and approved the final 
manuscript.
Acknowledgments

The authors are thankful to the Principal and 
Dean, Vanbandhu College of Veterinary Science 
and Animal Husbandry, NAU, Navsari to provide 
necessary funds for this study.
Competing Interests

 The authors declare that they have no competing 
interests.
References
1. Gravle e, J.R. and Van Durme, D.J. (2007) Braces and splints 

for musculoskeletal conditions. Am. Fam. Physician, 75(3):
342-8.

2. Colditz, J.C. (2002) Plaster of Paris: Forgotten hand splint-
ing materials. J. Hand Ther., 15(2): 144-157.

3. Johnson, A.L. (2013) Fundamentals of orthopedic surgery

Table-1: Mean±SE values of physical and mechanical parameters of different layer of POP casts.

Parameter Group A (2 layer) Group B (3 layer) Group C (8 layer)

Weight (gram) 9.16±0.60a 17.83±1.14b 51.33±2.61c

Outer diameter (mm) 29.49±0.52a 31.35±0.25b 37.73±0.63c

Thickness (mm) 1.68±0.23a 2.56±0.13b 6.21±0.26c

Maximum load (N) 29.17±2.63a 58.33±4.17 a 366.67±26.35b

Stress (N/mm2) 0.10±0.01a 0.12±0.00 a 0.29±0.02 b

Strain (%) 45.15±7.36a 59.46±9.30a 120.08±5.60b

Stiffness (N/mm) 1.17±0.14a 2.27±0.29a 12.72±1.10 b

MOE (N/mm2) 0.0024±0.0004 0.002±0.0001 0.0025±0.0002

Means with different superscripts in the same row differ significantly



Veterinary World, EISSN: 2231-0916 1126

Available at www.veterinaryworld.org/Vol.7/December-2014/17.pdf

and fracture management. In: Fossum, T.W., editor. Small 
Animal Surgery. 4th ed. Mosby Elsevier, Philadelphia. 
p1033-1105.

4. Anderson, D.E., St-Jean, G., Vestweber, J.G. and
Desrochers, A. (1994) Use of Thomas splint-cast combina-
tion for stabilization of tibial fractures in cattle: 21 cases
(1973-1993). Agric. Pract., 15: 16-23.

5. Kushwaha, R.B., Gupta, A.K., Bhadwal, M.S., Kumar, S.
and Tripathi, A.K. (2011) Incidence of fractures and their
management in animals: A clinical study of 77 cases. Indian
J. Vet. Surg., 32(1): 54-56.

6. Singh, V., Dudi, P.R. and Gahlot, T.K. (2010) Comparative
efficacy of plaster of Paris and fibre glass casts for repair of
long bone fractures in goats. Indian Vet. J. 31(2): 135-136.

7. Berman, A.T. and Parks, G.P. (1990) A comparison of the
mechanical properties of fiberglass cast materials and their
clinical relevance. J. Orthop. Trauma., 4: 5-92.

8. Wytch, R., Ashcroft, G.P., Ledingham, W.M., Wardlaw, D.
and Ritchie, I.K. (1991) Modern splinting bandages. J.
Bone Joint Surg., 73(1):88-91.

9. Kogler, G.F. (2000) Materials and technology. In: Orthotics
and Prosthetics in Rehabilitation. Butterworth-Heinemann,
Boston.

10. Gupta, S.K. (2009) Properties of bulk matter. In: Modern’s
ABC of Physics. 15th ed. In: Gupta, S.K. and Gupta, A., edi-
tors. Modern Publishers, India. p647-849.

11. Vieira, G.C., Fonseca, M.D.C.R., Shimano, A.C.,
Mazzer, N., Barbieri, C.H. and Elui, V.C.M. (2006)
Evolution of the mechanical properties of plaster bandages
used for orthoses manufacture, marketed by three different
manufacturers. Acta. Orthop. Bras., 14 (3):122-125.

12. Vieira, G.C., Barbosa, R.I., Marcolino, A.M., Shimano, A.C., 
Elui, V.M.C. and Fonseca, M.C.R. (2011) Influence of the
number of layers of paris bandage plasters on the mechan-
ical properties speciments used on orthopedic splints. Rev.
Bras. Fisioter, 15(5): 380-385.

13. Charles, M.N. and Yen, D. (2000) Property of a hybrid plas-
ter-fibreglass cast. Can. J. Surg., 43(5): 365-367.

14. Wytch, R., Mitchell, C.B., Wardlaw, D., Ledingham, W.M.
and Ritchie, I.K. (1987) Mechanical assessment of poly-
urethane impregnated fibreglass bandage for splinting.
Prosthet. Orthot. Int., 11: 128-134.

15. Avasthi, H.A., Patel, P.B., Patel, J.B., Patel, T.P. and
Gami, M.S. (2012) Comparative effectiveness of plaster of
paris and fibre glass casts in the management of long bone
fractures in caprines. Intas Polivet, 13(II): 371-373.

********



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


