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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
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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/mm?),
strain, stiffness (N/mm) and modulus of elasticity
(MOE) (N/mm?) 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

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.

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

Group B (3 layer) Group C (8 layer)

Parameter Group A (2 layer)
Weight (gram) 9.16+0.60°
Outer diameter (mm) 29.49+0.522
Thickness (mm) 1.68+0.232
Maximum load (N) 29.17+2.637
Stress (N/mm?) 0.10+0.012
Strain (%) 45.15+7.362
Stiffness (N/mm) 1.17+0.142

MOE (N/mm?) 0.0024+0.0004

17.83%+1.14° 51.33+2.61°
31.35+0.25P 37.73+0.63°
2.56+0.13" 6.21+0.26°
58.33+4.17 366.67+26.35°
0.12+0.00 2 0.29+0.02
59.46+9.30? 120.08+5.60°
2.27+0.292 12.72+1.10°

0.002+0.0001 0.0025+0.0002

Means with different superscripts in the same row differ significantly

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.
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