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A B S T R A C T

Background: Loss of plaster integrity is linked to failure to maintain fracture reduction and pain. Adding plaster 
layers makes the construct more cumbersome. This biomechanical study applied the engineering principle of the 
reinforcement strut to pragmatically designed dorsal wrist backslabs to investigate the effect on flexural strength.
Methods: Ridged and non-ridged 8-layered casts were created using an investigator’s wrist (n = 24). Failure load 
was recorded in simulated wrist flexion and extension. Failure of the cast was defined by the point of plastic 
deformation. Force was compared using student’s t-test and effect size.
Results: There was no significant difference in backslab dimensions. Ridged casts had a 1.6 times greater failure 
load in extension compared to non-ridged casts (p < 0.001; Cohen d = 3.42). In flexion, ridged cast failure load 
was not significantly stronger than in non-ridged (1.15 times, p = 0.16). Variance in failure load was greater in 
ridged casts (p = 0.003).
Conclusions: Adding a longitudinal ridge to dorsal wrist backslabs increases its strength in wrist extension but not 
in flexion. The benefit conferred by the ridge likely varied due to minor random differences in ridge height. The 
present technique may be a simple, lightweight and cost effective method of increasing the strength of wrist 
backslabs without needing to layer additional reinforcement plaster.

1. Introduction

An orthopaedic cast functions as a structure that immobilises and 
maintains reduction of a fracture.1 The two most commonly used ma
terials for orthopaedic casts are plaster and fibreglass. Plaster casts are 
comprised of muslin coated in calcium sulphate hemihydrate, also 
termed plaster of Paris (PoP) or gypsum, which hardens when hydrated 
with water and allowed to dry.2

In the forearm and wrist, casts are used to temporise acute injury, 
treat various chronic conditions and promote postoperative comfort and 
healing. The backslab is a non-circumferential cast, one application 
being the dorsum of the wrist and forearm - commonly used in Colles 
fractures and scaphoid fractures.1 Compared to a circumferential cast, 
the backslab cast offers a lower risk of ischaemia over the injured area 
and compartment syndrome.1

While variations in casting technique exist, forearm casts are typi
cally constructed from 8 or 10 layers of plaster material. Several studies 
have investigated the elastic modulus of hardened plaster cast. Schenk 
et al.2 determined this to be 6895 MPa, Schmidt et al.3 found it to be 
slightly higher at 7584 MPa, and Mihalko et al.4 found it to be 2579 

MPa. Moulding reinforcement ridges in the longitudinal axis of the cast 
increases its yield strength and stiffness. The textbook description of 
volar hand slab construction recommends adding a ridge by pinching 
the wet plaster slab before applying it to the patient to increase the 
strength of the slab enormously.5 Theopold and colleagues determined 
that the breaking point of a ridged backslab was 8.62 Nm compared to 
3.66 Nm for the non-ridged backslab, representing a 2.4-fold improve
ment in strength with the ridge.6 Counter-intuitively, the addition of a 
second ridge merely yielded a 2.1-fold strength increase compared to a 
non-ridged backslab.6 Furthermore, Stewart et al. found that casts 
reinforced with a ridge exhibited a maximum load at failure of 126 N, 
compared to unreinforced casts at 66 N, representing a significant 
1.9-fold strength improvement.7 8-ply volar casts of plaster bandage and 
a ridge are reported to perform similarly to 12-ply non-ridged plaster 
and fibreglass casts.8 It remains to be seen whether or not a ridge 
incorporated on a dorsal wrist backslab provides a similar strength 
benefit.

This biomechanical study quantifying the effect on the yield strength 
of a reinforcement ridge constructed on a pragmatically designed dorsal 
wrist backslab will add to the growing evidence around this practice. 
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Ridge reinforcement may allow for less overall material use in each cast 
without compromising its ability to immobilise the forearm and wrist. 
Hence, a lighter-weight cast is achieved.

2. Materials and methods

A standardised custom-made mould of an investigator’s forearm, 
wrist and hand was created using plaster of Paris. This served as the 
model on which all backslabs would be made. 12 plaster casts were 
made with a longitudinal ridge and another 12 without; half of each 
group was tested in wrist flexion and the remainder in wrist extension. A 
power analysis was performed using mean and standard deviation from 
existing literature.9 Each cast consisted of a wrapped layer of Velband 
padding bandage (BSN Medical, Hull, UK) with 50 % overlap followed 
by the 8-layered 15 cm Gypsona PoP (BSN Medical, Hull, UK) backslab 
which was shaped to the mould (Fig. 1). Elastolite bandage (BSN Med
ical, Hull, UK) was then wrapped around the construct with 50 % 
overlap. One senior investigator created all of the casts to minimise 
inter-operator variability. Backslabs were dried for 48 h before testing to 
ensure complete curing. A template was used prior to water addition, to 
ensure uniform width, length, and ridge height. In addition to this, cast 
width, ridge thickness, and plaster thickness were each measured at 
three standardised points, then averaged, to determine any final varia
tion in cast geometry after application. Casts were labelled 1–24.

The backslab was then fixated to a standardised forearm mould 
which allowed wrist articulation. A force was then applied that was 
distributed over a 5 cm2 plate, 5 cm from the wrist articulation, creating 
a standardised moment arm. A random number generator was utilised to 
perform stratified randomisation, with 12 casts tested in flexion, and 12 
tested in extension. Within each group, half were ridged. Force was 
applied, and measured with a digital force gauge (YaSao, Tokyo Japan) 
with an accuracy of ± 1 %. The maximum measured on the force gauge 
was considered the yield strength of the cast.

Statistical analysis of results was performed using R. Independent 
two-sample t-tests were used to analyse the statistical significance of 
variation in the means of maximum force that the two types of casts 
(ridged and non-ridged) can withstand in two different directions 
(flexion and extension). Effect size was calculated using Cohen’s d. 
ANOVA was used in cases of more than 2 groups. Levene’s test was used 

to compare variance in strength between cast designs.
Ethics approval was not required for this study.

3. Results

The study included 24 total plaster casts – 12 created with a longi
tudinal ridge and 12 without. Six from each group were tested in 
simulated wrist extension and the other six tested in flexion. The mean 
(± standard deviation) width of the ridged backslabs was 90.1 ± 3.4 mm 
and 92.0 ± 6.8 mm among the non-ridged backslabs, likely in part due 
to the formation of the ridge using a pinching technique (Table 1). This 
represented a non-significant difference. Furthermore, mean thickness 
of the ridged and non-ridged backslabs was not significantly different - 
6.5 mm and 6.3 mm respectively. Ridge height among the casts tested in 
flexion was 7.2 mm and 9.5 mm among those tested in extension, rep
resenting a non-significant difference (p = 0.056).

The force required to deform the plaster in simulated wrist extension 
was significantly greater in the ridged backslabs compared to the non- 
ridged backslabs (91.14 ± 13.50 N vs 56.98 ± 4.11 N, p < 0.001, 
Cohen’s d = 3.42) with very large effect (Fig. 2). However, during 
simulated wrist flexion, ridged casts did not outperform non-ridged casts 
(51.66 ± 8.77 N vs 45.02 ± 3.85 N, p = 0.16, Cohen’s d = 0.98). The 
yield strength of the ridged casts exhibited greater variance than the 
non-ridged casts, suggesting a level of heterogeneity in the construct at 
the point at which bending occurred (p = 0.0025).

4. Discussion

Dorsal wrist backslabs are frequently applied in trauma settings 
within orthopaedics. Despite this, to our knowledge, our study is the first 
to investigate the effectiveness of a pragmatically applied dorsal back
slab with a ridge. We investigated the yield strength of ridged and non- 
ridged dorsal wrist backslabs and found that the ridged casts withstood 
1.60 times more force in wrist extension but were not significantly 
stronger in wrist flexion. Yet, there was a large effect size (Cohen’s d =
0.98) when investigating flexion, which may represent an underpow
ered sample size for the test. The increased strength in extension with 
the ridge demonstrates that its benefit comes from its ability to with
stand greater compressive stress rather than failure force. Pre-test 
theoretical moment of inertia calculations used parallel axis theorem, 
which is a theorem stating that the moment of inertia about a parallel 
axis is the centre of mass moment plus the moment of inertia of the 
entire object imagined as a point mass at the centre of mass.10 Using the 
mass moment of inertia of a beam (I = bh3

12 ) and this theorem, we esti
mated that the ridge improves bending strength by 1.91 times. Plaster 
itself is also reported to be stronger in compression than tension, further 
explaining the significant difference in extension rather than flexion.11

The increased yield strength in wrist extension offered by the ridged 
backslab is particularly useful in settings where preventing dorsal 
displacement of a fracture – for instance Colles’ fractures, which are 

Fig. 1. A) 8-layer plaster with thumb notch prior to wetting with cold water. B) 
Moulded plaster with ridge prior to wrapping with crepe bandage.

Table 1 
Average dimensions of dorsal backslabs and their maximal load during testing.

Non-ridged Ridged

Flexion Extension Flexion Extension p value

Plaster width, 
SD (mm)

92.0, 6.8 90.1, 3.4 –

Plaster 
thickness, 
SD (mm)

6.12, 
0.32

6.57, 0.19 6.47, 
0.40

6.43, 0.62 0.600

Ridge height, 
SD (mm)

– 7.2, 1.3 9.5, 1.4 0.056

Maximal load, 
SD (N)

45.02, 
3.85

56.98, 
4.11

51.66, 
8.77

91.14, 
13.50

Flexion: 
0.16 
Extension: 
<0.01
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ubiquitous – is desirable. Additional benefit from preventing wrist 
extension can be seen in the setting of tendon repair in the flexor 
compartment. This may potentially confer reduced fracture displace
ment and tendon rupture rates in the clinical setting, yet this remains to 
be explored and may be a worthwhile investigation in future studies.

Similar studies investigate volar slabs and use flat casts,6,8,9 rather 
than the one-third to one-half tubular structure that backslabs assume 
after moulding to the forearm and wrist. This distinction is important, 
since a curved structure has greater strength in bending compared to a 
flat structure, impacting the benefit in strength that the ridge offers. 
While flat casts are simpler to mount onto testing apparatus compared to 
the more complex curved cast, using flat casts and absence of wool and 
crepe sacrifices the external validity of prior study results. The casts 
created in this study featured a thumb notch and were moulded to the 
model forearm and wrist by hand, just as would be done clinically.

Wrapping the ridged casts with crepe bandage affected the ridge 
height since this was done prior to cast setting. This contributed to the 
variance in ridge height seen on the box plot, however the difference in 
ridge height between those tested in flexion and those tested in exten
sion was not significant. It may also explain the significant difference (p 
= 0.0025) in variance of yield strength between the ridged and non- 
ridged casts. We hypothesise that small variations in ridge height 
along the cast subsequently induce failure in the same region upon 
application of bending force. The impact of ridge height suggests that 
technician experience will alter the benefit conferred by the ridge.

Several limitations exist in our study. This study was not a clinical 
study involving participants. There was a moderate coefficient of vari
ance of 19.6 % in the ridge height between casts, contributing to the 
large standard deviation in the yield strength of the ridged casts in 
flexion and extension. We believe this is an accurate reflection of the 
variable performance of the ridge in the clinical context and would be 
more exaggerated still when considering different operators moulding 
the same cast, however this introduces a potential limitation in the 
practical application of our results. In an effort to standardise ridge 
height in future studies, a mould or guide may be used to produce casts 
for testing. In the clinical context, the length from the fingertip to the 
base of the operator’s fingernail or similar alternative may be a conve
nient measure to ensure ridge height consistency. The power calculation 
was predicated on a larger difference in failure force between the cast 
designs, however our results revealed a smaller difference than antici
pated, particularly for wrist flexion. Despite the large effect size in wrist 

flexion (Cohen’s d = 0.98), there was no statistically significant differ
ence due to the small sample size. Hence, biomechanical studies in the 
future require a larger sample size to validate our findings.

Future work could involve fatigue testing – repeated loading of a 
constant force. This form of testing more closely mimics forces exerted 
on the cast as a patient goes about their daily activities2 and would 
therefore yield more clinically relevant results. Additionally, while wrist 
extension is the primary movement limited by the dorsal backslab, 
rotation and bending in the coronal plane are also pragmatic movements 
to test with the ridged cast. As mentioned earlier, use of a mould or guide 
to more readily standardise cast ridge height is of critical benefit for 
future investigations, as well as patient cohort involvement to investi
gate if the improved biomechanics introduced by the ridge confers a 
clinical benefit in reduced fracture displacement rates. Varying the 
number of layers in the cast is a future avenue for 
pragmatically-designed cast biomechanics research with the aim of 
identifying the lowest number of plaster layers in a ridged cast that 
would provide a satisfactory immobilising function. Ideally, a 
light-weight, cost-effective design is achieved. In summary, future ef
forts may build on this present study and existing literature through a 
number of means: standardising ridged/non-ridged cast production with 
a mould; exploring the minimum required number of ridged cast layers 
required for acceptable yield strength; incorporating rotational failure 
force and fatigue testing; and application to a patient cohort to examine 
clinical benefit, for instance in fracture displacement or tendon rupture 
rates.

5. Conclusions

In summary, the addition of a dorsal longitudinal ridge to a dorsal 
wrist backslab is a rapid method of increasing the yield strength of the 
cast without adding cumbersome mass to the construct. However, the 
strength increase conferred by the ridge is varied due to difficulty in 
maintaining a consistent ridge height when wrapping crepe bandage 
after plaster moulding. The dimensions of the backslab are not affected 
to a great degree by the formation of the ridge. Incorporating a ridge into 
dorsal wrist backslabs may be a simple way to improve the integrity of 
the device in a variety of clinical settings.

Fig. 2. Average maximal load before plastic deformation in simulated wrist flexion and extension of dorsal backslabs.

A. Jabur et al.                                                                                                                                                                                                                                   

Downloaded for Anonymous User (n/a) at James Cook University from ClinicalKey.com.au by Elsevier on April 21, 
2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.



Journal of Orthopaedic Reports 5 (2026) 100660

4

CRediT authorship contribution statement

Aiden Jabur: Conceptualization, Methodology, Formal analysis, 
Investigation, Data curation, Writing – original draft, Visualization. 
John Maunder: Conceptualization, Methodology, Validation, Formal 
analysis, Investigation, Resources, Writing – review & editing, Super
vision, Project administration. Alexander Mitrichev: Conceptualiza
tion, Methodology, Validation, Investigation, Resources, Writing – 
review & editing, Supervision, Project administration, Funding acqui
sition. Scott Sommerville: Writing – review & editing, Supervision.

Guardian/patient’s consent

The study did not involve the use of animal or human subjects.

Ethical statement

This work did not involve the use of human or animal subjects. The 
study was conducted in accordance with the Declaration of Helsinki and 
ICJME Uniform Requirements for manuscripts submitted to Biomedical 
journals.

Funding

This work was supported by the Queensland Orthopaedic Research 
Fund [grant number 0012].

Declaration of competing interest

The authors declare that funding for this study was received from the 
Queensland Orthopaedic Research Fund [grant number 0012]. There 

are no other conflicts of interest to declare.

Acknowledgements

There are no acknowledgements for this publication.

References

1. Cohen M, Jupiter J. Fractures of the distal radius. In: Browner B, Jupiter J, Levine A, 
Trafton P, Krettek C, eds. Skeletal Trauma. fourth ed. Philadelphia, PA: Saunders 
Elsevier; 2008.

2. Schenk T, Sommerset JH, Porter RE. Stresses in orthopedic walking casts. J Biomech. 
1969;2:227–239.

3. Schmidt VE, Sommerset JH, Porter RE. Mechanical properties of orthopedic plaster 
bandages. J Biomech. 1973;6:173–185.

4. Mihalko WM, Beaudoin AJ, Krause WR. Mechanical properties and material 
characteristics of orthopaedic casting material. J Orthop Trauma. 1989;3(1):57–63. 
https://doi.org/10.1097/00005131-198903010-00011. PMID: 2709205.

5. White TO, Mackenzie SP, Gray AJ. McRae’s Orthopaedic Trauma. third ed. Elsevier; 
2016.

6. Theopold C, Bush JA, Wilson SW, Bayat A. Optimal plaster conformation derived 
using a custom-made jig to obtain maximum strength of protective plaster of Paris 
for hand surgery. J Trauma Inj Infect Crit Care. 2007;63(5):1074–1078. https://doi. 
org/10.1097/01.ta.0000236059.453.

7. Stewart T, Cheong W, Barr V, Tang D. Strong and light plaster casts? Injury. 2009;40 
(8):890–893. https://doi.org/10.1016/j.injury.2009.01.122.

8. Meals C, Castro NJ, Moss D. Efficient construction of volar wrist splints: a 
biomechanical study comparing splints of different material, thickness, and design. 
Hand (N Y). 2016;11(3):310–313. https://doi.org/10.1177/1558944715627213.

9. Hamilton SW, Aboud H. Finite element analysis, mechanical assessment and 
material comparison of two volar slab constructs. Injury. 2009;40(4):397–399. 
https://doi.org/10.1016/j.injury.2008.09.027.

10. Abdulghany AR. Generalization of parallel axis theorem for rotational inertia. Am J 
Phys. 2017;85(10):791–795. https://doi.org/10.1119/1.4994835.

11. Coffin GK, Kumar S. Plaster of Paris as a Static & Dynamic Model Testing Material. U.S. 
Army Research Office; 1964 [Internet]. Durham (U.S.).

A. Jabur et al.                                                                                                                                                                                                                                   

Downloaded for Anonymous User (n/a) at James Cook University from ClinicalKey.com.au by Elsevier on April 21, 
2026. For personal use only. No other uses without permission. Copyright ©2026. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S2773-157X(25)00112-2/sref1
http://refhub.elsevier.com/S2773-157X(25)00112-2/sref1
http://refhub.elsevier.com/S2773-157X(25)00112-2/sref1
http://refhub.elsevier.com/S2773-157X(25)00112-2/sref2
http://refhub.elsevier.com/S2773-157X(25)00112-2/sref2
http://refhub.elsevier.com/S2773-157X(25)00112-2/sref3
http://refhub.elsevier.com/S2773-157X(25)00112-2/sref3
https://doi.org/10.1097/00005131-198903010-00011
http://refhub.elsevier.com/S2773-157X(25)00112-2/sref5
http://refhub.elsevier.com/S2773-157X(25)00112-2/sref5
https://doi.org/10.1097/01.ta.0000236059.453
https://doi.org/10.1097/01.ta.0000236059.453
https://doi.org/10.1016/j.injury.2009.01.122
https://doi.org/10.1177/1558944715627213
https://doi.org/10.1016/j.injury.2008.09.027
https://doi.org/10.1119/1.4994835
http://refhub.elsevier.com/S2773-157X(25)00112-2/sref11
http://refhub.elsevier.com/S2773-157X(25)00112-2/sref11

	Biomechanical analysis of ridged dorsal wrist backslabs
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Guardian/patient’s consent
	Ethical statement
	Funding
	Declaration of competing interest
	Acknowledgements
	References


