
Case Report 

Physical Therapy Management of the Subluxated 
Wrist in Children With Arthritis 

Arthritis commonly atects the hand and wrist in children and may contribute 
to loss o f  range of motion and.force of the muscles surroundirzg the intlolved 
joints. The putpose of this case report is to describe a physical therapy protocol 
for managing a subluxated u~rist in children with arthritis. Measures of range 
of motion and force of the wrist observed in two patients up to 2 years after the 
implementation of this pmtocol are also reported. l%e initial phase of the physi- 
cal therapy program .foczrsed on realigning the subluxated wrist. Heat uias used 
to manage.flexor muscle tightness and increase tissue extensibility. The carpal 
hones uiere then realigned manually and supported in position with a cast for 
aperiod of 72 hours. Once alignment of the wrist zuas achietled, the emphasis 
ofphysical therapy wasplaced on irzcreasing range of motion and force at the 
wrist joinE through visits to the physical therapist and an  extensive homepro- 
gram. Measurements ofpassive range of motion and active range of motion 
rising a gorziometer, grip forces using a mod@ed sphygmomanometer, and peak 
torque of the wrist extensors using a dynamometer (measured in one patient1 
were recorded before and up to 2 years following the implementation of the 
protocol. There was an  increase in wrist extension passive range of motion (35" 
in both ptatients) and active range of motion (15" in patient I and 25" in pa- 
tient 2) between the measurements obtained before and 1 to 2 years follou~ing 
the implementation of the protocol. Measures of grip force also increased (50 
mm Hg in patient I and 80 mrn Hg inpatient 2). Increases irz range of motion 
and force at the zvrist in two patients with subluxated .joints appear to demon- 
strate the potential beneJts of this physical therapy protocol. Research is needed 
to determine the efectiveness of this protocol. [Barden W, Brooks D, Ayling- 
Cumpos A.  Ph.ysica1 therapy management of the subluxated u~rist in children 
with arthritis. Phys Ther. 1995; 75:879-885.1' 
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Inflammation of the hand and wrist is arthritis and may contribute to func- 
common in children with rheumatoid tional impairment.' Although perma- 
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nent remission may occur, some de- 
gree of musculoskeletal damage or 
loss of hand function may have oc- 
c ~ r r e d . ~  Because the wrist joint can 
fuse as early as 2 years after the onset 
of the disease,' prompt attention and 
management are required to avoid 
permanent damage to the joint. The 
patient with wrist inflammation may 
have ulnar deviations and decreased 
wrist extension even before palpable 
synovitis or other clinical signs of the 
disease become evident.4,; During the 
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acute stages of arthritis, the patient 
requires close supervision to avoid 
developing contractures and deformi- 
ties that presumably occur as a result 
of pain or eff~sion.~.7 

With continued active disease, a num- 
ber of anatomical and biomechanical 
factors may cause wrist subluxation. 
The distal end of the normal r a d i ~ ~ s  is 
inclined in a medial and volar direc- 
tion.3 With persistent indammation, 
the distal ulna epiphysis may be dam- 
aged, the growth plate may close 
pre~naturely, and a shortened ulna 
may result. The normal inclination of 
the radius and the shortened ulna may 
cause the carpal bones to slide in an 
ulnar and volar d i re~ t ion .~  

Biomechanical factors may preclispose 
the wrist joint to volar subluxation in 
two ways.3 When the wrist joint is 
misaligned, a force generated I,y the 
flexor or extensor muscles docs not 
occur perpendicular to the joint, thus 
increasing the risk of subluxation.3 
The wrist is a multijoint system with 
both flexor and extensor muscles 
inserting distally to the joint. Normally, 
the intrinsic mechanisms, which in- 
clude the ligaments, provide stabilizing 
forces to prevent subluxation. In the 

rdlnents presence of inflammation, lig 
become lax; combining this with loss 
of cartilage and join1 space, intrinsic 
support of the wrist is reduced. When 
the extensor muscles contract without 
ligamentous support, subluxation may 
occur at the wrist and midcarpal joints. 
With contraction of the flexor muscles 
(especially the flexor carpi ulnaris 
muscle, which encompasses the pisi- 
fonn and is anchored to the rri- 
quetrum, hamate, and Iuse of the fifth 
metacarpal by two strong, short liga- 
ments), the carpal bones may move in 
a volar direction because there is no 
counteracting force on their extensor 
aspect.3 The effects of idan l~~la t ion  on 
the wrist have been described by 
Findley et al.3 

In an inflamed joint, the most comfort- 
able posit~on for the patient is one in 
which there is ample space to accom- 
modate an e f~~s ion ,  resulting in a low 
intra-articular pressure with minimal 
pain.* Jason and Dixon* reported that 

in any joint with an efusion resulting 
in an intra-articular pressure above 30 
mm Hg, the flexors reflexively contract 
and the extensors relax. The most 
comfortable position for the involved 
wrist is flexion, which. if ma~ntained 
too long, may lead to contracture. 
When attempts are made to stretch the 
flexion contracture, a force applicd 
distally ( ~ e ,  along the phalanges) may 
also result in subluxation of the proxi- 
mal carpal bones. It is therefore crucial 
that the force be applied through the 
proximal carpal row, achieving a 
stretch but not subluxation. 

Wrist subluxation, in our view, may be 
managed through physical thcnlpy 
aimed at maxiniizing realignment of 
the ~oint, range of motion (ROM), and 
strength. At The Hospital for Sick 
Chlldren (Toronto, Ontario, Canada), 
we have adapted a protocol for the 
management of the subluxated wrist 
in patients with arthritis from a model 
originally developed by the Children's 
Hospital of Los Angeles (Los Angeles, 
Calif) (J  Mehn, W Hanson, and J 
Isaacson; unpublished report; 1981 1. 
The goals of our protocol were to 
realign the wrist joint, to increase 
active rdngc of motion (AROM) and 
passive range of motion (I'ROM), and 
to increase wrist extensor and grip 
forces. 

The purpose of our case report is to 
describe the application of a physical 
therapy program for managing a sub- 
luxated wrist in patients with arthritis. 

Case Report 

Physical Therapy Assessment 

The inclusion criteria for patients se- 
lected for this case report were (1) age 
less than 18 years ancl (2) a diagnosis 
of inflammatory arthritis with a persis- 
tent subluxated wrist despite conven- 
tional physical therapy consisting of 
AROM and PROM exercises and day 
and/or night splinting to maintain 
correct alignment at the wrist joint. 
The two patients described in this case 
report did not respond to conventional 
physical therapy. Their subluxatccl 
wrists continued to progress because 
of the severity of their joint disease 

and the lack of consistent support by 
splinting during this time. At our facil- 
ity, physical therapy ancl medical man- 
agement are usually successful in 
maintaining ROM ancl strength in the 
majority of children with arthritis. 
When compliance with splinting is 
poor and the disease activity persists, 
however, subluxation may occur. 

The first patient was a 5.5-year-old girl 
who was diagnosed with polyarticular 
juvenile arthritis at the age of 2 years. 
When first seen in physical therapy, 
she hacl a 9-month history of limited 
movement and pain in her left wrist 
resulting in tlecreased active and pas- 
sive extension ancl volar sul,luxation. 
For 6 months prior to the rehabilita- 
tion protocol, she wore a splint during 
the day on her wrist. At night, her 
wrist remained unsupported. At the 
time of the rehal~ilitation protocol, her 
disease was heing treated with indo- 
rnethacin (3 cc, by mouth, three times 
21 clay), ibuprofen (200 mg, by mouth, 
four times daily), ant1 D-penicillamine 
(312 mg, by mouth, four times daily). 
Her wrist joint was injected in the 
operating room by the rheumatologist 
with triamcinolone (1 rng per kilogram 
of body weight) 24 hours prior to the 
initiation of physical therapy manage- 
ment. 

The second patient was a 17-year-old 
boy who was diagnosed with psoriatic 
arthritis at the age of 11 years. His 
disease was being managed with a 
regimen of methotrexate, 15 mg once 
a week, and indomethacin, 50 mg in 
the morning and at noon and 75 mg 
slow release at night. When he was 
first seen in physical therapy, he had a 
4-month history of subluxated right 
wrist. Prior to this physical thetxpy, 
patient 2 had bcen fitted with a night 
splint for his wrist. He reported not 
wearing his splint nightly, resulting in 
inconsistent support of his wrist and 
leading to subluxation. 

Radiographic studies were completed 
on the wrist of the two patients to 
cletermine the degree of joint integrity 
ancl the density of the bones. Patient 1 
demonstrated a narrowing of the inter- 
carpal joint spacc associated with 
articular osteopenia and anterior s ~ b -  
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luxation at the radiocarpal joint. In 
patient 2, the radiographs revealed 
subluxation of the carpal bones anteri- 
orly at the level of the radiocarpal 
joint. 

I'hotographs were taken prior to the 
protocol being initiated, with each 
patient's foreann resting in a pronated 
position on a flat surface and with the 
wrist in a neutral position and in ex- 
tension. The neutral position allowed 
for detection of the "piano key defor- 
mity," which indicates abnormal dis- 
placement of the ulna in a dorsal 
direction.') The photograph with the 
wrist in extension determined whether 
extension was occurring at the wrist 
joint or whether the patient was com- 
pensating and extending at the carpo- 
metacarpal joints. 

'ro establish baseline data, we mea- 
sured AROM and PROM of wrist flex- 
ion and extension with a goniorneter, 
recorded grip force with a modified 
sphygmomanometer, and tested wrist 
extensor force isokinetically with the 
Biodex Isokinetic Dynamometer.' This 
last measure was completed on pa- 
tient 2 because the device was only 
available at the time of his assessment. 
Active range of motion and PROM 
were measured in accordance with 
procedures set forth by the American 
Academy of Orthopaedic Surgeonslo 
using the ulnar styloid as the landmark 
for the center of the goniometer and 
the medial borders of the ulna and 
fifth metacarpal as the axis. To maxi- 
mize reliability of ROM measurements, 
this standardized method of measure- 
ment was appliedl1 and the same rater 
assessed each patient throughout the 
treatment period. Further, an average 
of three medsurements was used.llJ2 

Grip force was measured with a modi- 
fied sphygmomanometer using the 
technique described by the Toronto 
Arthritis Society Multi-Centre Trial 
Group." Three trials of grip force 
were completed on the involved and 
uninvolvc-d hands, and the best value 

was chosen." Each grip was sustained 
for 10 seconds and was measured in 
millimeters of mercury. Again, the 
same rater performed the measure- 
ments for each patient throughout the 
treatment. The concurrent validity of 
the modified sphygmomanometer as 
compared with free weights has been 
established by Cole et al.I4 The modi- 
fied sphygmomanometer, however, 
measures only static force and not 
dynamic force, which may limit its 
concurrent v:ilidity with functional 
activities.lVurthermore, the predictive 
validity of the modified sphygmoma- 
nometer has not been established.14 

For patient 2, wrist force was defined 
operationally by peak torque concen- 
tric values. To determine peak torque, 
the patient performed five repetitions 
of wrist flexion and extension at a 
speed of 180°/s concentrically. Once 
the patient was positioned on the 
Biodex machine, the wrist axis of 
rotation was aligned to the same verti- 
cal and horizontal planes as the power 
head shaft, and its position was cho- 
sen using a line drawn in the sagittal 
plane through the wrist joint line. 
Involvement of tnink musculature was 
minimized by stabilizing the patient 
with a chest strap. A forearm strap 
was placed on the midpoint of the 
forearm. &nge of motion limits were 
set within the patient's available range 
and verified with a goniometer. 
Torque resulting from the weight of 
the hand and shaft lever arm was 
compensated for by using the software 
package provided by Biodex. Reliabil- 
ity of this measurement was not 
assessed. 

7he Physical Therapy Program 

This section will outline the protocol 
that was generally followed for both 
patients. During the initial visit, after 
collecting baseline measurements on 
AROM and PROM, grip force, and 
wrist flexor and extensor peak torque, 
a treatment session was initiated. 
Tightness in the flexor muscle group 

'Biodex M(:tlical Systems, Brookhaven R&D Plaza. Box 702, Sh~rley, NY 11957. 

occurs as a result of prolonged posi- 
tioning in flexion to avoid pain and 
presumably from continued facilitation 
of the flexor muscles from increased 
intra-articular pres~ure .~  Tightness of 
the foreann flexor muscle group is 
defined as an increase in resistance 
when the wrist joint is passively ex- 
tended. To decrease this tightness, we 
had the patients spend 30 minutes in a 
9.25X4.75-m hydrotherapy pool with 
a water temperature of 35°C. Pool 
exercises consisted of an entire body 
warm-up, followed by active wrist 
extension exercises performed by the 
patient while standing in shoulder- 
level water, with the upper arms rest- 
ing against the trunk, elbows at 90 
degrees of flexion, and forearms in 
neutral to minimize the effects of grav- 
ity and to use the effect of buoyancy. 
The active wrist extension exercises 
were followed by passive wrist exten- 
sion exercises performed by the thera- 
pist in the same position. Fun activities 
that incorporated wrist ROM such as 
ring toss, ball throwing, and volleyball 
played with a beachball followed. 

Following hydrotherapy, five layers of 
wax were applied by placing the 
patient's hand and foream1 in a Para- 
batht and then wrapping the extremity 
in a towel. The wax remained on for 
20 minutes to further relax the muscles 
and increase tissue extensibility.I5 After 
the wax was removed, we attempted 
to realign the carpal bones manually 
by distracting the wrist joint and ap- 
plying a dorsal force through the volar 
aspect of the proximal carpal row. 
When alignment was achieved as 
determined by a decrease in the piano 
key sign and an increase in movement 
at the wrist joint instead of at the car- 
pometacarpal joint, the bones were 
supported in this position while 10 
passive wrist extension stretches (sus- 
taining each stretch for 10 seconds) 
were performed by the therapist. Care 
was taken to ensure that the stretching 
force was at the wrist joint, not distally 
at the carpometacarpal joint, as this 
would result in hyperextension of the 
carpometacarpal joint. 

Following the passive extension exer- 
cises, a first layer of plaster was a p  
plied 2 cm distal to the elbow crease 'Talcott Ldhoratorics, 301 E Bdrr St, McDonaltl, PA 15057 
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and continued to the metacarpal 
heads, allowing finger flexion and 
extension. While the plaster was still 
pliable, the carpal row was realigned 
and the wrist was extended to the 
maximum :~vailable ROM and within 
the pain tolerance of the patient. Once 
the plaster was dry, maintaining the 
desired position, two additional layers 
of plaster were applied to increase the 
strength and durability of the cast. The 
cast was left on for 72 hours. Emery 
and Bowyerli have reported that serial 
casting should be continued every 2 to 
3 days until wrist alignment and exten- 
sion are achieved. 

On the second visit, the initial cast 
was bivalved and carefully removed. 
To prevent subluxation from reoccur- 
ring, the carpal bones were supported 
by applying a force manually at the 
volar surface. The wrist and hand 
were then reassessed. In both patients 
presented in this report, however, no 
flexor muscle tightness was apparent 
when the cast was removed and cor- 
rect alignment at the wrist joint was 
achieved. Because rnaxirnal wrist 
extension had not been achieved with 
the initial cast and to prevent subh~xa- 
tion from recurring due to weak mus- 
cles, resting hand splints were fabri- 
cated to allow for easier access to the 
forearm extensors for electrical muscle 
stimulation (EMS). Emery and Bow- 
yerI5 have reported that it is essential 
to place the wrist in a splint until the 
wrist extensors are strong enough to 
maintain the wrist in extension. A 
small ~olyflex@* resting hand splint 
with the wrist maintained in the ac- 
quired position was fabricated and 
applied. To augment the G~rpal sup- 
port provided by the splint, Contour 
~oam@* was placed inside the splint at 
the location of the carpal bones, be- 
cause the wrist extensor ~nuscles were 
not strong enough to prevent subluxa- 
tion at the wrist joint. The amount of 
Contour Foam@ appliecl was ~ndividu- 
ally determined to provide full support 
to the carpal bones and prevent 
subluxation 

At this stage after the removal of the 
cast, patient 1 did not demonstrate a 
change in wrist extension or grip 
force. Patient 2 demonstrated a 15- 
degree increase in AROM and a 20- 
degree increase in PROM, but a 
20-mm Hg decrease in grip force. 
There was no increase, however, in 
the percentage of deficit in peak 
torque that would have iclentified a 
decrease in wrist extensor peak 
torque. HickslQeported that the mus- 
cles surrouncling a joint with limited 
movement fatigue faster, as the mus- 
cles are at a biomechanical disadvan- 
tage. As both patients continued to 
have limited wrist extension, the goal 
of physical therapy was to increase 
PROM while [maintaining anatomical 
alignment at the wrist. Passive range 
of rnotion was performed by the ther- 
apist, with one of the therapist's hands 
stabilizing the patient's forearm and 
the other hand supporting the proxi- 
mal carpal row while extending the 
wrist. Two sets of 10 repetitions of 
PROM of wrist extension were per- 
formed, sustaining each stretch for 20 
seconds. This stretch was cotnpleted at 
home twice daily by the parent, who 
had been instructed by the therapist 
and had demonstrated an effective 
technique by practicing first on the 
therapist and then on the child. Fur- 
thermore, the therapist completed a 
stretch on the child and then had the 
parent complete the same stretch on 
the child, allowing the child to com- 
pare techniques and provide feedback 
on technique to the parent. 

In addition to the passive wrist exten- 
sion stretches, a program of strength- 
ening the wrist extensors was initiated, 
which consisted of EMS using a Ke- 
spond 11~ in conjunction with isometric 
wrist extensor exercises. Hooker17 
stated that muscle reeducation, muscle 
strengthening, and increasing ROM 
can be accomplished by electrically 
stimulating a muscle. Isometric exer- 
cises were used with the EMS initially 
to limit the stress across the joint1"nd 
until wrist extensor peak torque im- 

-- 

*Smith & Nephew Rolyan Inc, 6355 Kestral Rd, Mixsissauga, 0nt:lrio. Canada L5T 125 

Shledtrc,nic Inc, 7000 Central Ave NE, PO Box 1250, Minneapolis, MN 5 5 4 0 .  

provecl to help maintain correct wrist 
alignment. The wrist extensor ni~~scle  
area was cleaned with isopropyl alco- 
hol, and carbon electrodes were then 
placed on the extensor nluscles. The 
settings used for the EMS were 30 
pulses per second with a 10-second 
on time and a 20-second o f  time with 
a rise/fall ratio of 8:3 and a treatment 
tirne of 15 minutes. This protocol of 
PROM and strengthening was initiated 
immediately after the cast hacl been 
removed ancl the resting hand splint 
had been applied, and then continued 
until the patient was ahle t o  extend 
the wrist against gravity while main- 
taining alignment. All exercises were 
performed with the wrist positioned in 
the resting hand splint to provicle 
support and prevent subluxation. 

Both patients achieved wrist extension 
against gravity while maintaining wrisl 
alignment in 2 to 4 weeks, during 
which the patients were outpatients 
attending therapy three times per 
week. This program was continued at 
home, supervised by a parent who 
was instructed on the use of EMS and 
PROM. At each of the visits, the thera- 
pist reassessed the patient's wrist and 
reviewed the home program with the 
parent to ensure correct technique (ie. 
proper support of the joint during 
PROM, application of the appropriate 
splint, and safe application and use of 
EMS). Also during each reassessment, 
the splint was readjustecl to assist with 
maintaining the newly gained range of 
wrist extension, while still providing 
support to the proximal carpal bones 
to prevent sul>luxation. 

As passive wrist extension and force 
increased, the patient was instructed 
with active and active-resisted wrist 
extension exercises, and these exer- 
cises were added to the home pro- 
gram. For active and active-resistecl 
exercises, the forearm was supported 
by the resting splint with the distal 
strap unfastened, and the patient ac- 
tively extended the wrist against grav- 
ity to the limit of the available ROM. 
As force increased, objects with vari- 
able weights (eg, soup cans) were 
used to resist extension. I'assive range 
of motion exercises were continued to 
further i~nprove wrist extension. Elec- 
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trical niuscle stimulation was also 
continued but in conjunction with 
isotonic wrist extension exercises 
throughout the available ROM as the 
wrist extensors were now strong 
enough to maintain alignment of the 
wrist joint while moving through the 
ROM. Thtt home program at this time 
was completed twice daily and con- 
sisted of (1) two sets of 10 passive 
wrist extension stretches with the 
parent supporting the foream1 and the 
proximal carpal bones as described 
earlier, (2) two sets of 10 repetitions of 
active wrist extension and progressing 
to active-irsisted strengthening of the 
wrist extensor muscles, and (3) EMS 
with active wrist extension and pro- 
gressing to active-resisted wrist exten- 
sion for 15 minutes. 

When the patients were not attending 
physical therapy or completing their 
home program, they were expected to 
wear a working or resting splint to 
prevent subluxation and maintain 
ROM. A working splint is one that 
provides full support at the wrist and 
hand but ends at the heads of the 
metacarpals, allowing use of the fin- 
gers in activities of daily living. During 
this phase of the protocol, the physical 
therapy visits were decreased to once 
a month if the assessment findings 
indicated that correct alignment of the 
joint was being maintained and PROM 
was stable or improving. During each 
of the visits, the home program was 
demonstrated by the parent and pa- 
tient and corrections were made by 
the therapists, if needed. 

As the risk of subluxation was de- 
creased because of improved muscle 
force at the wrist, wrist extensor peak 
torque was maintained through an 
active-resisted exercise program and 
use of the wrist filnctionally (eg, dress- 
ing, feeding, writing). Electrical muscle 
stimulation was discontinued once the 
patient had been assessed using the 
muscle test grading scalelx and had 
achieved grade 5 extensor muscle 
force within the available ROM into 
extension. I'atient 1 accomplished 
grade 5 muscle force within the avail- 
able K O M  3 months after the initiation 
of the protocol, so EMS was discontin- 
ued. The patient was expected to 

continue with the remainder of the 
home program so that further ROM 
and wrist extensor peak torque in- 
creases could be achieved. With this 
change in the home program, patient 
1 demonstrated a deceleration of 5 
degrees of wrist extension in AROM 
and her PROM plateaued at 6 5  de- 
grees of wrist extension. As these 
changes were observed during a reas- 
sessment, the home program, which 
consisted of active-resisted strengthen- 
ing of the wrist extensors and func- 
tional use of the hand (eg, grooming, 
feeding, writing), was promoted and 
reviewed. With follow-through of the 
home program, improvements in grip 
force and ROM were recorded. 

Patient 2 continued with EMS for 5 
months as the wrist extensors contin- 
ued to strengthen, but the ROM had 
plateaued. Hooker1' reported that 
stimulating a muscle group and mov- 
ing a joint through the ROM help to 
lengthen the contracted muscle tissue 
and thus increase ROM. At the end of 
5 months, the EMS was discontinued 
as the patient found that the home 
program was too lengthy and was 
interfering with school. At this time, 
however, patient 2 also demonstrated 
grade 5 muscle force within the avail- 
able ROM. The patient was able to 
maintain his grip force and extensor 
muscle peak torque with his home 
program of active-resisted exercises 
and functionat use of the hand. 

Time out of the splint during the day 
was encouraged so that the wrist joint 
could be challenged without any sup- 
port and strengthening could occur 
through functional use. Working and 
resting splints were discontinued after 
the patients demonstrated the ability to 
maintain grade 5 muscle force without 
the use of the EMS and there were no 
signs of subluxation or inflammation 
a1 the wrist. Patient 1's working splint 
was discontinued 14 months after the 
initial casting. The night splint was 
continued for 3 more months to pro- 
tect the wrist while sleeping, but was 
then discontinued as the ROM and 
grip force had plateaued and had 
remained stable. The working splint 
for patient 2 was discontinued 7 
months after the casting as the ROM 

was sta1,le and the wrist extensor peak 
torque continued to improve. The 
night splint was continued for 1 more 
month for protection at night, hut was 
then discontinued with the ROM and 
grip force stable. 

I'atient 1 was discharged from physical 
therapy 14 months after the initial 
casting for wrist subluxation as her 
wrist extension AROM had increased 
15 degrees, her PROM had increased 
30 degrees, and her grip force had 
been maintained. Follow-up assess- 
ments during the physician's clinic at 3 
months and 14 months following 
discharge showed that ROM had been 
maintained and grip force had in- 
creased 50 mm Hg. Patient 2 was 
discharged from physical therapy 8 
months after the initial casting as both 
his AROM and PROM had increased 
by 25 degrees, his grip force had in- 
creased 6 0  mm Hg, and his wrist ex- 
tensor peak torque had decreased by 
45%. Follow-up assessment in the 
physician's clinic 9 months after dis- 
charge showed that active wrist exten- 
sion had been maintained, passive 
wrist extension increased by 10 de- 
grees, grip force had been maintained, 
and the percentage of deficit in peak 
torque decreased. The disease process 
in both patients remained unchanged 
during this time period, with no alter- 
ations in the meciical or phamacologi- 
cal management. 

Discussion 

The measurements made in the two 
patients, as shown in Figures 1 and 2, 
revealed a long-tem~ improvement in 
ROM and force. These results seem to 
demonstrate the potential benefits of a 
physical therapy protocol that includes 
the use of casting in realigning the 
silbluxated wrist joint in children with 
arthritis. This protocol was well toler- 
ated by the two patients, who to date 
have not experienced recurrence of 
wrist subluxation. Although pain and 
function were not measured in this 
case study, both patients reported 
decreased pain and improved hnc-  
tion, which allowed them to partici- 
pate in bilateral hand activities or 
activities that required weight bearing 
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One of the components of the proto- 
col was the use of heat. The main 
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Figure 1. Measurc.~ of uvist extension range of motion and gr$ force in patient 1. 
The dotted line indicates the time of casting. Graph A: Actizie mnge of motion (AIWM) 
and passizie range of motion (PROM) at tutious time intervals. Graph B: Gnp jorce at 
zjan'ous time intc~vals. 

through the hand with the wrlst in tion, may not provide a sufficient 
extension. trratment.'Wthough there is a clinical 

rationale for utilizing the co~nbination 
In this protocol, an extensive array of of physical therapy modalities de- 
physical therapy mtxlalities with difer- scribed in this protocol, further re- 
ent physiological effects were applied search is necessary to determine 
to the patients. Each modality has a whether all of the modalities were 
specific function but, if used in isola- required to achieve the desired goal. 

objective of this modality was to de- 
crease flexor muscle tightness and 
increase tissue extensibility. Emery ant1 
BowyerIi have suggested that heat 
also appears to affect the ga~nrna fi- 
bers in the muscle spindles by de- 
creasing their tendency to contract. 
Cryotherapy may have physiological 
effects similar to those of heat; how- 
ever, an advantage of cryotherapy is 
the resulting vasoconstriction, which 
m:ly be beneficial in the presence of 
edema. Hydrotherapy provides an 
environment for the patients where 
not only relaxation occurs, but buoy- 
ancy assists with increasing the ROM 
and muscular strength of the affected 
joink2 Children at our facility appear 
to prefer the application of heat over 
ice. 

By providing a prolonged stretching 
force to the joint, casting assists with 
realigning the sulAuxated wrist and 
increasing I'ROM.6 In order to maxi- 
mize the effects of casting, we believe 
adequate strengthening is mandatory.' 
The joint is more prone to deforming 
forces if it is not adequately stabilized 
by muscular support.20 Passive range 
of motion of the joint provides a 

- I PROM 
L 50 i 

Months Months Month8 

Figure 2. Meusure.~ qf rurist extension rauge of motion, grip,force, and percentage of dejcit in peak torque cgwrist extensors in 
patient 2. The dotted lines indicate the time of casting. Graph A: Active range of motion (AROM) a?ldprissiz)e mngc ofnzotron 
(PROhfI at vat-iozrs time intervals. Graph B: Gnpjorce at rlarious time interoals. Graph C Percentage of dejcit in peak torque of 
1c:rist extensom' at dgrerent time intervals. 
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