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ORIGINAL ARTICLE

Custom-made finger splint versus prefabricated finger splint:
finger flexion stabilization

Enver Guven®™ ®, Sinem Suner-Keklik?

SUMMARY

OBJECTIVE: Finger splints are used as a treatment option in tendon, bone, and soft tissue injuries. For immobilization, custom-made splints and
prefabricated finger splints are used. In splints made for immobilization, it is aimed to limit joint movement. The aim of our study is to reveal how much
custom-made splints and prefabricated finger splints limit joint motion (flexion angle in proximal interphalangeal and distal interphalangeal joints).
METHODS: Custom-made splints and prefabricated finger splints were applied to the second fingers of the dominant side in a total of 40 individuals, 20
women and 20 men, not having any health problems. Individuals were asked to flex and joint motion was measured with the iPhone compass application.
RESULTS: The meandistal interphalangeal joint angle values of the participants measured by prefabricated finger splints were found to be 24.27+£8.29,
and the mean distal interphalangeal joint angle values measured by custom-made splints was 0.5241.50. There was a difference between the participants’
distalinterphalangeal joint angle values measured by prefabricated finger splints and custom-made splints (p<0.001). distal interphalangeal joint angle
values measured with custom-made splints were significantly smaller than those measured with prefabricated finger splint. The mean of the participants’
proximal interphalangeal joint angle values measured by prefabricated finger splints was 16.55+7.90, and the proximal interphalangeal joint angle
values measured by custom-made splints was “0” for all participants. There was a difference between the participants’ proximal interphalangeal joint
angle values measured by prefabricated finger splints and custom-made splints (p<0.001). Distal interphalangeal joint angle values measured with
custom-made splints were significantly smaller than those measured with prefabricated finger splints.

CONCLUSION: According to our study, custom-made splints can significantly reduce the flexion of the finger interphalangeal joints compared to

prefabricated finger splints.
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INTRODUCTION

The metacarpophalangeal (MCP) joint, the proximal interpha-
langeal (PIP) joint, and the distal interphalangeal (DIP) joint
maintain a complementary relationship. Injury to one joint can
lead to dysfunction of adjacent joints or fingers. The first reac-
tion in injuries is inflammation that causes edema and pain.
Insufficient immobilization may have harmful effects during
this period'. The injured PIP joint tends to go into a flexed
position. In untreated conditions, flexion deformity occurs rap-
idly%. Improper mallet finger splinting causes joint dysfunction,
extension lag, and swan neck deformity®.

Finger splints are a simple immobilization method used in
many injuries such as finger fractures, tendon injuries, and soft
tissue sprains*’, and maintaining the correct and stable position
during recovery is part of the treatment?. Although injuries are
considered simple, delayed treatment and immobilization in
inappropriate positions can cause loss of hand function and

deformities that cause cosmetic problems®.

Finger immobilization splints are produced specifically
for the patient, which is called custom-made splint (CMS)
or prefabricated finger splint (PES). The advantages of
PES are that they are cheap, practical, and easily accessi-
ble. However, as it is not made for the person, adaptation
problems and the inability to keep the finger in the desired
position are also disadvantages. CMS is more advantageous
in that it adapts to the finger. For this reason, it is thought
to be more stable in terms of immobilization”®. In a study
comparing splints for the DIP joint, it was found that the
displacement of the finger with CMS was less than that of
PES’. However, it is expected that there will be no joint
movement in immobilization splints, especially in mallet
finger? and fracture cases'. The extent to which different
splints limit joint motion has been investigated in some
studies'''. There are not enough studies in the literature for
finger splints. We think that it is important to determine the

most effective splint in order to prevent deformities caused
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by inadequate finger immobilization. For this reason, in this
article, we aimed to reveal how much the PFES for the fin-
ger and the CMS for the patient limits the joint movement
(Hexion angle in PIP and DIP joints).

METHODS

The sample size of the study was calculated using the G*Power
3.1.9 (G*Power, Universitit Diisseldorf, Germany) program.
In the study, the amount of type I error was determined as
0.=0.05, the effect size was medium effect (0.65), the tar-
geted power of the test was 1-=0.80, whereas the sample
size required for statistical analyses was determined as n=39
for group. To reduce the margin of error and increase its gen-
eralizability to the population, the study was planned to be
completed involving 40 people.

The cases to be included in the study were selected on a
voluntary basis among individuals between the ages of 18 and
40 years who did not have any health problems.

Exclusion criteria for the study were as follows: PIP and
DIP joint flexion limitation/contracture, presence of rheu-
matoid disease, or any diagnosed disease that may affect joint
movement such as degenerative arthritis, trauma, or diabetes.

Ethical approval for the study was obtained from the Clinical
Research Ethics Committee of Sivas Cumhuriyet University on
May 26, 2021, with the decision number 2021-05/31. Before
the study, the purpose and content of the study were explained
to the participants, and an informed consent form was signed,
stating that they would participate voluntarily.

First, the participants’age, gender, height, weight, marital
status, body mass index, musculoskeletal system problems, and
diagnosed disease entities were recorded.

Then, two different types of splints were applied to the sec-
ond finger of the dominant hand, and the normal joint move-
ment was measured in the DIP and PIP joints.

Finger joint movement measurements are often done
using a universal goniometer. Recently, several new smart-
phone-based apps have been introduced which allow ROM
measurement. With the proliferation of smartphones, these
applications may offer new ways to provide accurate and reli-
able ROM measurements, especially in clinical situations where
standard goniometers and/or radiographs cannot be used®.
At present, smart phone applications are preferred because
they are practical and easy to apply. In addition, the iPhone
Compass application was used in the goniometric measure-
ment of the finger joints, as there may be errors because of
deviations that may occur at the pivot point during the mea-
surement by placing the goniometer on the joint with the
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splint application. In previous studies, the iPhone Compass
application has been shown to be reliable".

Finger splints, which are CMS, can be made of aluminum
material as well as thermoplastic material that can be shaped
at low temperatures. As it is easily shaped and practical, ther-
moplastic material is preferred more’. Therefore, in our study,
the splint produced specifically for the patient was made of
thermoplastic material. When Orfit brand thermoplastic
material with a thickness of 2 mm was thrown into water at
a temperature of 60—-65° and became shaped, it was placed
on the finger of the individual to be applied and shaped in
the desired position.

Volar splints were performed to keep the DIP and PIP joints
at 0° of extension. Two velcro splints were fixed, one over the
PIP joint and the other over the DIP joint. Then, the individ-
ual was asked to flex the finger, and the range of motion was
measured in degrees with the help of iPhone Compass appli-
cation in the DIP and PIP joints. After the measurement of
normal joint motion, the splint was removed and then the PES
was applied. PFS is of the type that fixes aluminum from the
volar, distal, and proximal phalanx. After PFS application, nor-
mal joint motion was measured using the same method and

recorded in degrees.

Statistical Analysis
Mean, standard deviation, median, and minimum and maxi-
mum values were given in descriptive statistics for continuous
data, and percentage values were given in discrete data. Shapiro-
Wilk test was used to examine the conformity of continuous
data to normal distribution.

Wilcoxon signed-rank test was used to compare the angle
values measured with PES and CMS of the participants.

The IBM SPSS Statistics 20 program was used in the evalua-
tions and p<0.05 was accepted as the statistical significance limit.

RESULTS

The demographic characteristics of the individuals participat-
ing in the study are shown in Table 1.

The mean of the DIP joint angle values of the participants
measured with the PFS was 24.2718.29, and the mean of the
DIP joint angle values measured with the CMS was 0.52+1.50.
There was a significant difference between the DIP joint angle
values measured with PFS and CMS (p<0.001). The DIP joint
angle values measured with the CMS were significantly small
compared to the values measured with the PFS.

The mean of the PIP joint angle values measured with the
PES of the participants was 16.55£7.90, and the PIP joint
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angle values measured with the CMS were measured as “0”
in all participants. There was a difference between the partic-
ipants’ PIP joint angle values measured with PFS and CMS
(p<0.001). The DIP joint angle values measured with the CMS
were significantly small compared to the values measured with
the PFS (Table 2, Figure 1)

Table 1. Demographic characteristics of the participants.

MeantSD
Median (Min-Max)

35.52+12.65
Age (years) 35 (20-66)
} 71.50+£12.20
Body weight (kg) 70 (47-140)
‘ 171.2748.03
Height (cm) 171(156-187)
: 24.13+4.17
BMI (kg/m®) 23.19 (18.65-42.27)
Sex, n (%)
Women 20(50)
Men 20 (50)

BMI: Body Mass Index; SD: standard deviation.

DIP: distal interphalangeal; PIP: proximal interphalangeal.

Figure 1. Angle values measured with prefabricated finger splint and
custom-made splint.

DISCUSSION

In many injuries, especially fractures and tendon injuries, the
joint position of the finger splint is important and the recov-
ery is faster in splints that can protect it'’. Finger flexion and
extansion can have an adverse effect on the healing of dam-
aged DIP and PIP joints for several reasons. Finger flexion can
cause changes in the lengths of the ligaments, which are con-
sidered to be stabilizers of the finger joints.’ In finger exten-
sor mechanism deformation, changes occur in finger posture
with flexion'”. Although many studies have shown that splint
gives good results in mallet finger treatment, they have drawn
attention to the importance of splint type and patient com-
pliance’. In a study performed on mallet finger, casting and
splints made with thermoplastic material were compared and
casting was found to be advantageous in terms of extensor lag
in only 12 weeks of follow-up. Except this, no difference was
observed in the evaluations performed in shorter and longer
periods'®. In a study, the position of the adjustable splint pro-
duced with a 3D printer in mallet finger was examined using
x-ray and it was found that it was effective in terms of correc-
tion". In our results, we found that the finger splint made of
thermoplastic material does not allow any flexion in the PIP
joint, but there is very less flexion movement in the DIP joint.
This movement may be the cause of extensor lag observed in
the study by Tocco et al’®.

According to our study, CMS can significantly reduce the
flexion of the finger interphalangeal joints compared to PFS.

The facts that the research strategy is comprehensive and
that splinting, which is frequently used in the clinic, has been
evaluated from a different perspective are considered to con-
tibute to the literature.

This study has several limitations. First, measuring the active
flexion motion that a healthy individual can achieve with full
effort may not be the same as flexion that can be achieved after
an injury. Second, there were no other symptoms such as edema
that would affect the splints we applied. The force applied by

the subjects was not standardized.

Table 2. Comparison of the angle values of the participants’ distal interphalangeal and proximal interphalangeal joints measured with prefabricated
finger splint and custom-made splint.

Prefabricated finger splint Custom-made splint

Test statistic

MeanzSD MeantSD
Median (Min-Max) Median (Min-Max)
L 24.27+8.29 0.52+1.50 _ "
distal interphalangeal angle 24 (10-42) 0(0-6) Z=-5513 0.000
L 16.55+7.90 = _ %
proximal interphalangeal ANGLE 165 (4-35) 0(0-0) Z=-5514 0.000
*Wilcoxon test. p<0.05.
937
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CONCLUSION

PFS flexion was reduced by more than 70% in PIP and more than
65% in DIP. It should only be used when this limitation of flexion
is acceptable during healing of a finger injury. As the result of the
present study, CMS can be used in situations where limitation of
joint motion is important. The authors suggest that this study be
carried out on patients with fracture, tendon injury, and so on.
According to the results of our study, clinicians should pre-
fer CMS if they aim for more restriction and almost complete

immobilization in the finger joint. Immobilization success of

CMS may be higher.

REFERENCES

1. Brand PW.Mechanical factors in joint stiffness and tissue growth.
J Hand Ther. 1995;8(2):91-6. https://doi.org/10.1016/s0894-

1130(12)80305-x

Wang ED, Rahgozar P. The pathogenesis and treatment of the stiff
finger. Clin Plast Surg. 2019;46(3):339-45. https://doi.org/10.1016/j.
€ps.2019.02.007

Alla SR, Deal ND, Dempsey |J. Current concepts: mallet finger.
Hand (NY).2014;9(2):138-44. https://doi.org/10.1007/s11552-
014-9609-y

Handoll HH, Vaghela MV. Interventions for treating mallet finger
injuries. Cochrane Database Syst Rev. 2004;(3):CD004574. https://
doi.org/10.1002/14651858.CD004574.pub?2

Chotigavanichaya C, Limthongthang R, Pimonsiripol T,
Harnroongroj T, Songcharoen P. Comparison effectiveness of
custom-made versus conventional aluminum splint for distal
phalange injury. J Med Assoc Thai. 2012;95(Suppl 9):570-4.
PMID: 23326985

Chan DY. Management of simple finger injuries: the splinting
regime. Hand Surg. 2002;7(2):223-30. https://doi.org/10.1142/
s0218810402001205

O’'Brien LJ, Bailey MJ. Single blind, prospective, randomized
controlled trial comparing dorsal aluminum and custom
thermoplastic splints to stack splint for acute mallet finger. Arch
Phys Med Rehabil. 2011;92(2):191-8. https://doi.org/10.1016/j.
apmr.2010.10.035

Pike J, Mulpuri K, Metzger M, Ng G, Wells N, Goetz T. Blinded,
prospective, randomized clinical trial comparing volar, dorsal, and
custom thermoplastic splinting in treatment of acute mallet finger.
J Hand Surg Am. 2010;35(4):580-8. https://doi.org/10.1016/].
jhsa.2010.01.005

Novak CB,Mak L, Chang M. Evaluationof written and video education
tools after mallet finger injury. J Hand Ther. 2019;32(4):452-6.
https://doi.org/10.1016/}.jht.2018.03.005

Borchers JR, Best TM. Common finger fractures and dislocations.
Am Fam Physician. 2012;85(8):805-10. PMID: 22534390.

10.

938

Ethical approval obtained from Sivas Cumhuriyet University,
Non-Interventional Clinical Research Ethics Committee with the
decision number 2021-05/11 dated May 26, 2021. This study
has been conducted in accordance with the principles set forth
in the Helsinki Declaration.

AUTHORS’ CONTRIBUTIONS

EG: Conceptualization, Project administration, Formal Analysis,
Writing — original draft. SSK: Conceptualization, Data cura-
tion, Formal Analysis, Writing — original draft.

11. KimJK, Kook SH, Kim YK.Comparison of forearm rotation allowed
by different types of upper extremity immobilization. J Bone Joint

Surg Am.2012;94(5):455-60. https:/doi.org/10.2106/JBJS.J.01402

Bong MR, Egol KA, Leibman M, Koval KJ. Acomparison of immediate
postreduction splinting constructs for controllinginitial displacement
of fractures of the distal radius: a prospective randomized study of
long-armversus short-armsplinting. J Hand Surg Am.2006;31(5):766-
70. https://doi.org/10.1016/}.jhsa.2006.01.016

McAdams TR, Spisak S, Beaulieu CF, Ladd AL. The effect of pronation
and supination on the minimally displaced scaphoid fracture. Clin
Orthop Relat Res. 2003;(411):255-9. https://doi.org/10.1097/01.
blo.0000069886.31220.86

Slaughter A, Miles L, Fleming J, McPhail S. A comparative study
of splint effectiveness in limiting forearm rotation. J Hand Ther.
2010;23(3):241-7;quiz248.https://doi.org/10.1016/}jht.2010.02.003

Lee HH, St Louis K, Fowler JR. Accuracy and reliability of visual
inspection and smartphone applications for measuring finger
range of motion. Orthopedics. 2018;41(2):e217-21. https://doi.
org/10.3928/01477447-20180103-02

Oetgen ME, Dodds SD. Non-operative treatment of common
finger injuries. Curr Rev Musculoskelet Med. 2008;1(2):97-102.
https://doi.org/10.1007/512178-007-9014-z

Dogadov A, Alamir M, Serviere C, Quaine F. The biomechanical
model of the long finger extensor mechanism and its parametric
identification. J Biomech. 2017;58:232-6. https://doi.org/10.1016/j.
jbiomech.2017.04.030

Tocco S, Boccolari P, Landi A, Leonelli C, Mercanti C, Pogliacomi
F, Sartini S, Zingarello L, Nedelec B. Effectiveness of cast
immobilization in comparison to the gold-standard self-removal
orthotic intervention for closed mallet fingers: a randomized
clinical trial. J Hand Ther. 2013;26(3):191-200;quiz201. https://
doi.org/10.1016/}.jht.2013.01.004

Papavasiliou T, Shah RK, Chatzimichail S, Uppal L, Chan JCY. Three-
dimensional printed customized adjustable mallet finger splint:
a cheap, effective, and comfortable alternative. Plast Reconstr
Surg Glob Open. 2021;9(3):e3500. https://doi.org/10.1097/
GOX.0000000000003500

12.

13.

14.

15.

16.

17.

18.

19.

Rev Assoc Med Bras 2022;68(7):935-938


https://doi.﻿org/10.1016/s0894-1130(12)80305-x
https://doi.﻿org/10.1016/s0894-1130(12)80305-x
https://doi.org/10.1016/j.cps.2019.02.007
https://doi.org/10.1016/j.cps.2019.02.007
https://doi.﻿org/10.1007/s11552-014-9609-y
https://doi.﻿org/10.1007/s11552-014-9609-y
https://doi.org/10.1002/14651858.CD004574.pub2
https://doi.org/10.1002/14651858.CD004574.pub2
https://doi.﻿org/10.1142/s0218810402001205
https://doi.﻿org/10.1142/s0218810402001205
https://doi.﻿org/10.1016/j.apmr.2010.10.035
https://doi.﻿org/10.1016/j.apmr.2010.10.035
https://doi.﻿org/10.1016/j.jhsa.2010.01.005
https://doi.﻿org/10.1016/j.jhsa.2010.01.005
https://doi.org/10.1016/j.jht.2018.03.005
https://doi.﻿org/10.2106/JBJS.J.01402
https://doi.org/10.1016/j.jhsa.2006.01.016
https://doi.org/10.1097/01.blo.0000069886.31220.86
https://doi.org/10.1097/01.blo.0000069886.31220.86
https://doi.org/10.1016/j.jht.2010.02.003
https://doi.org/10.3928/01477447-20180103-02
https://doi.org/10.3928/01477447-20180103-02
https://doi.﻿org/10.1007/s12178-007-9014-z
https://doi.org/10.1016/j.jbiomech.2017.04.030
https://doi.org/10.1016/j.jbiomech.2017.04.030
https://doi.﻿org/10.1016/j.jht.2013.01.004
https://doi.﻿org/10.1016/j.jht.2013.01.004
https://doi.org/10.1097/GOX.0000000000003500
https://doi.org/10.1097/GOX.0000000000003500

