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Clinical Application of Upper Extremity Orthosis after Trauma Injury

Myung Jun Shin, M.D., Ph.D.

Department of Rehabilitation Medicine, Pusan National University School of Medicine & Pusan National University Hospital Research

Institute, Pusan National University Hospital

Upper limb orthoses are externally applied devices that help restore or improve function and also fix structural characteristics
of the nervous and the musculoskeletal systems. The complexity of the functions provided by the hands and upper limbs
makes upper limb orthotics a extensive and diverse area in practice for patients with traumatic injury. Therefore, this paper
provides a brief review abour several orthoses and time-variant characteristics after trauma. (J Korean Soc Prosthet Orthot

2015; 9: 5-12)
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1) & HXJ|(Static orthosis): B3 HzZ7|& 715 &
ol gle FulE Haled dld HAE FHoA gEF
IASAL FAY F JET 3l 9 ek B 75
o] 9l WAL ARAINAY BHAI & FHo g 483
715 sk 2 o, 7 e EZ%‘—"AE A A
74 %ol A& Aol ol A
O AA (Simple Static): 3= F42-S
T 9% gk EF 3 QA o] ey I T3
AL = A =5 H 27 (volar wrist splint) 5-©
279 §7902 Folx HAL 2 sho]
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(tendon-gliding exercise)o] &-o]s}tt= A4 1%
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3 9ol T PAel JomE s & 4 AT

ol 717 W A B9IE Ha & 4 YT el shosh
t}.(Fig. 1)

Mallet finger 7} BAJSE A9 H&3l= K2V = AA 3%
o bk, o w) 544 X B welel Shi Aspolet
HZ 3 o]% DIP jointS A3}e] PIP joint®] S%72
A 9] 35 (Active range of motion exercise, AROM)S A] 2}
#llofslr}. 65 o] % DIP 9] extensor lag 7} &= A ¢kow
XX %] DIPS] AROMS A A&Fsla Z7)6llE= 744243 DIP
Z5o| A7|A = Fo|3tt (Fig. 2)

Extensor tendon®] central slipe] £4oz HHAE =
Boutonniere deformity & A] A& H=z7|& A-&3tc} PIP
£ 143k o] % vlE DIP 9 flexion exercise® ORL (oblique
retinacular ligament)®] tightness ol] 3~2]3llokgtc} (Fig. 3)

@ A hAIY (Serial Static): F-23l= #HA e g 7]
Ao g W3tE Frihe AollA AT Ho|7} Qirt. ol &
U TE RS TOoE FF 3o A7l FRA| Bz
5 Adslo] dFdol 3k WA e 5 FIHAIAA AA
AR S Fol dale B w5 1S A Ad
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R o
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@ AA & A3 (Static motion-limited): o1 30|
2] ANE o2 PP extensor force”} S5718HAIE] ™ swan
neck deformity”} BEAISHA Hv), Hsl= g wigko 2o &
& 7hssha, ok WEke] 2 A Sl Aldsle Fele] B

Fig. 1. Volar wrist splint.

z27|12 o] A £ AL PIP 235 F4o] 7159
55 wlz& Y E(swan neck splint)E A& 4 Yo} (Fig.
4)

@ A# A ¥ (Static progressive): A W2 3|55 9
3l AElE Herls 5 7 &8 AgEe Bzl
AA wAY K277t Aske B 455 93l o A=
AZrsll kst Rhal] o] Hz7|ES 3 AEE 24T
G+ 9 WATE RéEo] glolA £4A 2ol s
t}.(Fig. 5)

2) S8 EZX7|(Dynamic orthosis): 5% HZ7]+ 7]
2 38 7ol APt sl Eabslol i w2
e Ao ayFohv A28, A5y 59 E
A Ho}h, 2 ubd Az oz of A<l 75
oh9la AAB H S Holi BAtelA AFeA
&3 ARESS B SRl AA vkt e E
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(Fig. 6)
5 A3+ (Dynamic motion-limited): 3 4
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Fig. 3. Boutonniere deformity splints.
https://www.us.elsevierhealth.com/media/us/samplechapters/
9780323033862/Chapter%2015.pdf ¢ 39| Fig. 15-4. &,

Fig. 4. A SIRIS(silver ring) splint prevents PIP hyper-extension and
allows PIP flexion.
https://www.pinterest.com/pin/14566398766317918/

Fig. 5. Static progressive orthoses (B3 wHAIE H.Z7)).
http://healnix.co.kr/files/attach/images/200/772/7b80daacc4ab2
21d3¢1515865ddd9680.jpg

Fig. 2. Mallet splints. (A) Custom-
made oval-8 thermoplastic splint (B)
Stack.
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Fig. 7. Kleinert type orthosis.
http://www.alibaba.com/product-detail/Thermoplastic-Kleinert-
Hand-and-Finger-splint_50007998647 .html

Fig. 8. Opponens hand orthosis (NE$] FH H=7]).
http://kmlee.com/2014/thesis/textbook/6.html0IN 18 6-32 &
11, opponens bar E&,
http://www.slideserve.com/jane/splints-for-the-nbcot2 28 &z}
0|E C bar 1.

AE o] &gtrhe AollA Hpol7} ek A FL T olF
A& Keinert H27]7}F o 7]l <3t} (Fig. 7)

® &4 ¥ (Dynamic traction): k= &2 ol 7hs
SIES Ao AR shele Hele Ez7|olvh 34
Ul 24o] 9l ] ALF = Schenck B.27]7} o17]dl &3}
£, o] 2 1 AR 3 uf) YA ANH L AlFet!

QRS =1

i

1) ABE EX7|

© FAo|: thekdt F7e] BAol7t glo] 7+ Akl <dQl
Agh AAA A S aelste] Awsfiokstel. A7
A&afofste A5 7ol 7t 7R kRS A Ao of
MESel Sl o A= st

@ 828 = X S (Figure of eight clavicular strap): 5+
2 A B4 ol F AU, AEUE ol ejo] U 4T
B2 AGES s Aeel$ A S5elA X 4 3
o7 AAAA A g

@ HPA 2] K =Z7](Shoulder abduction stabilizer orthosis
or Airplane splint): 434 Z4 o} AHAAF vhv|, 34
<M 3, ARA v ¥ 28 T FHoE ALH
AqALS AAZEE FAAZI7] Sl APALE 90° 9] A
FHA =5 AAZ FAAZNAGE 32t Aol whel 3
AEs 28T g GAEdelA] A F3Hol} &4
22 ol gleA FAIR delelar 24 slgo| okt

e

Fig. 6. A Capener-type orthosis
provides assistance for PIPJ eten-
sion (Lt) and allows flexion (Rt).

Fig. 9. Metacarpophalangeal flexor orthosis, knuckle bender.
http://www.danmicglobal.com/156733.aspx

Fig. 10. Metacarpophalangeal extensor orthosis, reverse knuckle
bender.
http://www.bunnellsplints.com/11areversekuncklbender.html

2 FoE BEX7|

© A shatdl: o) date] ShatollAl F2 AwE =
FHA 9|4 (lateral epicondyle) F-91 ol F-2=] & A4 ol
Shelg Ko s 1A S AaAAE HohE Sl

@ F34 =4 H=Z7|(Elbow control orthosis): T34
%, T34 ddeE, 24 Tl de vl #AE Huda
P4 7hs AEE ke AEE A AU S
3t 2H oz Agglr)

® F34 314 HZ7|(Rigid elbow orthosis): 418+ T3
Soz uy cyol Sels I} FB4 4% F Ao 2
L% uf F2 A=

() FZoE =) BX7|

O AZ ¢+T3A B 27| (Volar wrist hand orthosis): A A]
= FEARA L e A FEARA A g A
B &EulehFE(distal palmar crease)s @A Holofsic) Ak
Z WA F B 2] (Volar wrist flexion control orthosis)
JE F2 A&

@ =34 Y R 27| (Opponens orthosis with wrist
control): web space®] T&5 WAsl7] falo] A-gske) o
291 Bxslo] S2eA 24 2917 iRl Pefolut.

@ T5 BEX7|

O "¢ 5 HE=Z7](Opponens hand orthosis): 5 H
27| FollA 7h 71EA el Fo3 J& S e Aew
&9 H(opponens bar), C-bar == thumb abduction bar,
Dorsal bar, palmar bar, €50l <& AE= So g FAE
o] ot v ¢l t(opponens ban= Al 1 F5Fo| 7153l
AAGA BolbA SHEE AR AAE FALES o
FH, C-bare FAZF WAEA ek oA X & A

r

T

b

O.



8 =X -EXVISSN MR M1S 2015

T JEE 3F} degloving injury B burngto] I Hu) ¥
£9 F3o| =T Afolle S 73 Bz27]9] 7
o 1Hsle] thokgt Yz S&3te] A el AS
2] gk} (Fig. 8)

@ FFTAA =5 H2Z7](Metacarpopharyngeal flexor orthosis,
knuckle bender): A4 Aol AA F3o] & uff 274
sl7] 913 B o2 AGHY AFAA T HE A £
o 2 Z+F)<E(claw hand) H1E S Hol& 3katEollA] A=
o} (Fig. 9)

® F5AA XA K =Z7](Metacarpopharyngeal extensor
orthosis, reverse knuckle bender): A4 H4A I3 F3o|
o] Alde] Hagt 79 A=l (Fig. 10)

@ Z5AA AA AIRE B 27](Metacarpopharyngeal extension
stop assembly): FTAPA Y] AAS A 9] 2 A A
A RA o AAE A ALEE Ao, dgg] Bz
of] lumbrical bargbi &&= A4 A F&5Ee FHAZ
& efjo]t}.(Fig. 11)

® A XA HZ7](Finger extensor assist orthosis): 5~
AA #A] AAg wa F2 AABPAL AdE =95
£% nepR Haseld

® A K Z7|(Finger splint): A2 F524 B4 3}
AR FAe] Z5 9l A AEE 2-87] $JaiA] o] &k

3) MX| EX7| MY (Expanded ASHT Splint/Orthosis
Classification System, ESCS)5

6 descriptive criteria (Table 1)

(1) Articular or nonarticular

(2) Anatomic focus

(3) Kinematic direction

(4) Primary purpose

(5) Type or number of secondary joint levels

(6) Total number of joints included in an orthosis

H A% S8 8237 W8 H MY Al
(1) How much force?

Rubber band (Haldex gauge).
Spring.

Table 1. A different nomenclature about upper extremity orthoses

(2) Through what surface?

Ischemia or pain.

50 g/em® or 35 mmHg ©]3}.

Ex) 200 g B7]81™ HLE 4 em™7} 2o

155 o] 2 A7 fAEHE kel 2 Holetx
sk WeEs Azbalokdt (Fig. 12)

(3) For how long?

Skin, scar, connective tissue®| stretchS

= Aol o)A,

(4) To what structure?

target structures g 3oksl, 58 H=7|7} £ YA
37},

(5) By what leverage?

PHASS st AP A2lE a1y,

(6) Against what reaction?

leverages, moments, axesS sl

(7) For what purpose?

(8) Measured by what scale?

g9l Zgotet FolAT Y AL WolHle

(9) Avoiding what harm?

ol U sl AFUgoR S o 2E S ek

(10) Warned by what signs?

edema, circulation A EE F7|H o2 Hrlstat.

5 Mg B 0E 2R

(1) Consideration

D Nature of the injury.

@ Flexor and extensor tendon involvement, including
quality and tension on repair.

@ Fracture(s), including type and stability of fixation.

@ Joint mobility.

® Nerve involvement, including quality and tension on
repair, muscular innervations, and sensory status.

® Vascular involvement, including quality, tension, and
location of arterial and vein repairs.

@ Level of soft tissue involvement (muscle, ligament,

wounds, scar formation, grafts, flaps, etc).

Common Name

Expanded ASHT Splint/
Orthosis Classification System (ESCS)

International Organization for
Standards (IOS)

Tennis elbow splint or brace

Nonarticular splint - proximal forearm

Elbow orthosis

Thumb spica splint Thumb MCP extension immobilization type 2 (3) WHO
Swan neck splint Index finger PIP extension restriction; type 0 (1) FO
Capener splint PIP extension mobilization; type O FO




(2) Replantation: |71 &
A 7e& sk A
ERA A A" F2EL ¢
sl solgtc). o] & $JfA &

o o Fasisd, el A
JEE =A% =23 Q40o|r}

(D Tendon rehabilitation: o}el] L3} Zro] AR H o7 2
G5 $ES A BF9 FAL WAE Aol 44
9] 7153 Foll W% FL23 Q4o|rh(Fig. 13)

(@ Wound Care: Incision $]¢} Abrasions®] X & I}Aol|
o olalrt Heshel, x

5 mlo
r\r

54~ e A7
EAs ARA 2GR &
o A4 02 oY

YERE skin grafts o] 7% -ri-r A

594 ARERAAAo] vll§ F23}7]o A 1~2FF graft
Bl Bz7|7) @A AEE Fos7 U, wound care A
127 otulsl= Yz v

3o &

ook,

Fig. 11. Metacarpophalangeal extension stop assembly.

Resistive isolated joint motion

Resistive hook and straight fist

Resistive composite fist

Discontinuation of protective splint

@ Neural and Vascular Monitoring: Semmes-Weinstein
monofilament A4} 5-& A 72 7157} A w
Asgslofofdtet, 12lm A B4 WAL o
7HE A AN G IS st E

CE ZZT LT
55 34T = drk

dema: YHFA 0T HZOS Zo|7| 9] AY==
2 elevation, 1c1ng, active ROM, ZL2] 3L light compression
olt}, A MAE F A= icing?} compressions I3}
Aol Frt JEH/H g F HEE FE o Fed A8
A WA7} elevation ©|ch. L]
drainage (MLD)7} Zwo] & & 9t}
® Scar management: A 2] 71 A El} elastomer putty |
FEo| AAdl FEE fAst ZEAl Ao =& £

Bl W
® o °1N

H

FIF Flf‘ O o=

Manual lymphatic

Fig. 12. Brand traction cuff.

Wrist
unprotected

Hook and straight fist

Active composite fist

Place and hold

[
[
[
[
[ Isolated joint motion
[
[
[
[

Passive protected extension

« J Ju Ju Jo _JL _Ju _JuL _JL )

Wrist

protected

Fig. 13. Pyramid of progressive force
exercises in tendon rehabilitation.
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WHFO

= A dorsal blocking orthosis is then

fabricated, placing the wrist in neutral,
the metacarpophalangeal (MCP) joints in Fig. 14. Wrist, MCP. PIP, DIP flexion
approximately 60~70° of flexion, and the immobilization-extension restriction,
interphalangeal (IP) joints in full extension. type 3 (13) Or index through small

finger flexion immobilization, type 3
(13).

Fig. 15. Orthosis for prevention of claw deformity. Finger MPJ
flexion, thumb abduction mobilization, type O (5).
http://www.alnawrasmed.com/portal/show_item_image.php?
lang=2&item_id=289

% sl
® Rehabilitation by level of replantation
@ Digital Replantation
(Days 3~21)
-Initial protected active and passive motion
-Early motion of the replanted digit & % ©]% 3~5%Y]|
A8kt (Fig. 14)
-4 PROM distal glide exercise (DIP—PIP), tenodesis
exercise
-Active ROM A 22 Rl 3} BhEA] Aolel 4] A4}
g}, 18] 31 MCP, PIP DIP 3+ 9] oF 45° o}zl Wl 9]oll A
submaxiaml effort2 A|2F3}2} %
-BE 2557} 51 orthosisE wrist 20~30°Z extension
AAZ,
Lotk #4429 23 7hek $%o0] 53R resistance T
+ active flexions T2l &},
(Weeks 3~6)
-Flexor tightness7} 21t} volar extension orthosis& 3.2
3l A]7](static or static progressive).
-NMES (Neuromuscular electrical stimulation)o] E-%-°] 3
= 9},
5% A ) it 90 S50l ARE FA B
657} =™ light ADLS H=z7] glo] &]&.
(Weeks 6~12)
-Light resistive exercisesE] BXH o0& A
© Thumb replantation
-Thumb2: <& 7159] <F 40% =& ©9.
(Days 3~21)
-Initial protected active and passive motion.
Dorsal blocking thumb orthosis= & ©|F 3~5%0l F-&.
-Thumb- adbduction} radial and palmar abduction®] 7}
dl AEZ MP, IP joint:= 9 155 flexion 3+ AEl 2 "HE.
-PROM 7} tenodesis exerciseE &5 4% A s8s}m A full
active extensionS B 27| & 31431 Abglol| 4] A4 A)3Y.

o

(Weeks 3~6)

-Thumb extensions FA|3}A u}e},

23 BATEHS SEE 93 active flexion exercise.
-4~5% NMES (FPL).

-5%F light ADLE Hz7] ¢lo] 3§,

657} AUA] residual joint stiffness7} AtFH dynamic
orthosis 1.8.

(Weeks 6~12)

-6 ADL training/sensory reeducation 3 desensitization
techniques X5,

-8 light resistive strengthening.

2% H9] BAG Tz,

© Hand replantation at the transmetacarpal level

(Days 3~21)

-Initial protected active and passive motion.

Dorsal blocking orthosiss= % o] 3~5%Uo]| 2&.
wrist in neutral, MCP joint 60~ 70° flexion, IP joints full
extension.

Hz7) A83) o2 gentle passive ROM exercise (flexion,
extension)

-Edema %74, <42 9k elbow, shoulder active
exercise A 43}2}.

(Weeks 3~6)

1~2A7hu}} 103 xgé% SE2 Ad

4~53 BHZ7] glo] active wrist exercise A2}, Hholl& K
z7] 2%

657} AUA] residual joint stiffness7} It dynamic
orthosis 1.8.

(Weeks 6~12)

-6 ADL training / sensory reeducation 3! desensitization
techniques X5,

-8 light resistive strengthening.

@ Hand replantation at the wrist level

(Days 3~21)

-Initial protected active and passive motion.

-Dorsal blocking orthosisi= % ©] 3 3~5%0] &
-Distal radial ulnar joint (DRU])7} =A% A oh . Munster-
style orthosis ..



Fig. 17. Radial nerve injury orthosis.
http://www.orthoontheweb.com/dynamic_brace.asp

(Weeks 3~6)
6FA WA Bz RS Foleh

-Residual joint stiffness7} ,J\U]—Ufl static progressive or
dynamic orthosis 3.

(Weeks 6~12)

-65 ADL training / sensory reeducation 3! desensitization
techniques .

-8 light resistive strengthening.

@ Arm replantation

(Days 3~21)

-Initial protected active and passive motion.

-Custom dorsal elbow/wrist protective orthosist= % ©
3~7U0) A&

-elbow 70° flexion, forearm¥} wrist= neutral position.
-EAE|A] 9k TAH L active or passive ROM exercise A| 2.
-1~25 £ 949 PROM A2

-2~45 gentle active or passive ROM exercise of elbow,
shoulder.
(Weeks 4~8)
-ROM &5
-NMES

A7 £49) A% AR # Pe.
(Weeks 8~12)

-85F resistive strengthening A] 2}

A B2 s,

, NMES =%°] 2 F S5
-125* functional orthosis with MPs blocked in flexion+
opponens component.(Fig. 15)

(3) Crushing injury: }#<=4-2] 739 replantation®] 1%
2 2 AZsto] A gelnl Ak, £41 1919 edema 27,
wound care 55 W&} orthosisE thokslAl A -gslH A
l-al:oi z] g3t} &3 A
T AAE 7ol

Fig. 16. Resting splint, WHO.

Fig. 18. Ulnar nerve injury orthosis.
http://www.hocinc.us/services/Splints.html ¢ &3 OHZE £
ulnar nerve injury I AM28H= anti claw splint &1,

¥ 2%, 4~67, 1250 Aeka 127 ol Fol Aol 3
Ex A HEvbet 322 HAASH A Nerve neurolysis B
Nerve graft 5= 312 3fjulokgic).

(4) Peripheral nerve injury: W&A17] <&
QA9 79 kA olF3l theksl HEle K
S g Aok b 71249 o] HzT]= £3] resting
splint k3L GH A Felo] Hz7] & 2-g3hck.(Fig. 16) 417
E49 AE7t A e A8 vhsed, F3
A} ABA e g2 )5 Fotste] FrHHQ HzrE e
& 5 Uek QTR £4ol 4A2) Aol Y& AT
thH-E Dynamic wrist-hand-finger orthosisg AH-&3tc}. (Fig.
17) AEA7 &40 2 gt 4, s¥A] MCP #HA 9] IA1A
o] Ay gAY H=zJ|E AEd F Q). (Fig 18)
o] X7 £AME AAT 24 A% 8w &4 9, Eut
AR, G, 25, 8F 1_“ T Lefsle] Hz7|E A
wretofoksly] wioll +Ed, AP 2ela oA =274
o] oAAaET gHol “H—r F 23t}

2 =

o o] ¥ WAs=

SlolA W Ao

FA) 9] 75 Ashe ok
715l ot s eke

bl 71 aela E4
=4 ]_‘.51 z—l:Lz-lo] ZHE 2
BA L 7sHNE EL T
s} A Mu}u} =58 10

AAU7FES efofFgict

_,_,
in]
rO

A
&

L o>~
> r
o

-{E
()
[ < N =P 3

lﬂ

[
ot
—V‘-"
JT»

O.u ol.m



=

12 &=2N - EXJIESRA - MoA M1S 2015

27 20159 5 AR |l el ARl e

o] o142

REFERENCES

. Pater AT, Garber LM: Upper limb orthotic devices. In Bra-

ddom R Physical Medicine & Rehabilitation, 3rd ed., Saun-
ders, 2007, pp325-342.

. Schuch DM, Pritham CH. International Standards Organization

temlinology: application to prosthetics Orthotics. JPO: Journal
of Prosthetics and Orthotics, 1994;6.1:29-33.

. Shin JC, Clinical application of upper extremity prostfesis, J

Korean Soc ProsthetOrthot 2013;8:46-50.

. Flowers KR, LaStayo P. Effect of total end range time. J Hand

Ther 1989;2:71.

. Sarah A. Ezerins, Rehabilitation following replantation in the

upper extremity. Extremity Replantation: A Comprehensive
Clinical Guide, DOI 10.1007/978-1-4899-7516-4_15, © Springer
Science+Business Media New York 2015.

. Terri M. Skirven. REHABILITATION OF THE HAND AND

UPPER EXTREMITY, 6th EDITION, © 2011 by Mosby.

. Groth GN, Pyramid of progressive force exercises to the

injured flexor tendon. J Hand Ther. 2004;17:31-42.

10.

11.

12.

13.

14.
15.

16.

17.

. Sorenson MK. The edematous hand. Phys Ther. 1989;69(12):

1059-64.

. Harén K, Effect of manual lymph drainage as described by

Vodder on oedema of the hand after fracture of the distal
radius: a prospective clinical study. Scand J Plast Reconstr
Surg Hand Surg. 2000;34:367-372.

Grunert BK, Smith CJ, Devine CA, et al. Early psychological
aspects of severe hand injury. J Hand Surg Br. 1988 May;
13:177-80.

Kim BO, Choi KH, Chapter 14 Orthosis, Rehabilitation
medicine 3rd edition, 2008, Koonja Publishing inc.

Park JM, Kim SH, Kim YR, Chapter 12, Rehabilitation
medicine, 2007, Hanmi Medical Publishing Company.
Rosemary P etc, Korean Society of Hand Therapy, Rehabi-
litation of the Hand & Upper Limb, 2008, Koonja Publishing
Inc.

http://www.slideshare.net/dr_hetvi/upper-limb-orthosis.
Sheehan TP. Rehabilitation and prosthetic restoration in upper
limb amputation. In: Braddom RL, ed. Physical medicine &
rehabilitation, 4th ed, Philadelphia: Saunders, 2011:257-276.
Walsh NE, Bosker GB, Maria DS. Upper and lower extremity
prosthetics. In: DeLisa JA, ed. Physical medicine and reha-
bilitation: Principles and practice, 5th ed, Philadelphia: Lipp-
incott Williams & Wilkins, 2011:2017-2049.

John D. Hsu, John W. Michael, AAOS atlas of orthoses and
assistive devices, 4th ed. 169-190.



