Metatarsalgia and Rheumatoid Arthritis — A
Randomized, Single Blind, Sequential Trial Comparing
2 Types of Foot Orthoses and Supportive Shoes
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ABSTRACT. Objective. To compare the eftects of semi-rigid and soft orthoses worn in supportive shoes, and

supportive shoes worn alone. on metatarsal phalangeal (MTP) joint pam. MTP joint synovins, and
lower extremity function in patients with rheumatond arthnitis.

Methods. Twenty-cight subjects referred 10 vccupational therapy received in random order 3 inter-
ventions for 12 week trials. separated by 2 week washouts. A crossover design compared effective-
ness of interventions.

Results. Twenty-four subjects completed the study. A reduction in mean pain scores from baseling
to final visits showed that semi-rigid orthoses had o highly stigmiticant eflect on pain. Sotl orthoses
did not show a significant effect on pain from basgline o final visit, nor did shoes worn alone. None
of the iterventions had a significant effect on synovits or function.

Conclusion. Semi-rigid orthoses worn in supportive shoes were an effective treatment for
metatarsalgia. Supportive shoes worn alone or worn with sott orthoses did not provide pain relief for

metatarsalgii, (I Rheumatol 2000:27:1643 - 7)

Kev Indexing Terms:
FOOT ORTHOSES
RHEUMATOID ARTHRITIS

Rheumatoid arthrtis (RA) has a reported prevalence of foot
problems as high as 90% 2. In a review of 200 patients with
chronic RA. 67% had subluxation of the metatarsal
phalangeal (MTP) joimts®. Chronic inflammation of the
MTP joints causes capsular distension, laxity of supporting
structures, cartilage destruction, and eventual subluxation.
Resultant migration of the distal fat pad leads to loss of
cushioning and development of plantar callouses'?.
Instability of the hindfoot and midfoot may contribute to
pain and deformity in the forefoot, by allowing increased
medial motion®". which prevents the foot from locking mio
a rigid lever necessary for push off.

In the Occupational Therapy Department ot the Mary
Pack Arthritis Centre, metatarsalgia secondary o RA was
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METATARSALGIA
SUPPORTIVE SHOES

initially treated using soft orthoses. Since the 1970s,
supportive shoes worn with firmer orthoses have been
routinely prescnbed o support and control the subtalar,
midtarsal, and MTP joints. Various semi-rigid materials
have been used such as sterane™, polyethylene. subort-
holen™. and polypropylene. In 1986, we surveyed 39
arthritis treatment programs in North America to ascertain
the type of orthosis used most often to treat metatarsalgia.
Of the 13 respondents. two-thirds used soft orthoses most
trequently.

We compared the effect of semi-rigid and soft orthoses
worn in supportive shoes, and supportive shoes worn alone! "
on MTP joint pain, MTP joint synovitis, and lowet
extremity function, N

MATERIALS AND METHODS

The dependent vanables, MTE o pain, MTP joim synovins, and lower
extremity function, were wentitied by stalt occupational therdapists using
the Delphi wehnique’ o reach a consensus. Pain was identified as the
primary outeome becanse 1t is the reason most clients seek treatment and
the symptont for which therapists most often preseribe orthoses.

In o 1989 pilor swdy 1o evaluae methodology. sample size. and
autcome medsures, 11 subjects were rundomly assigned one intervention
for o 12 week tal, Due o the magnitude of change m pain, the primary
outcome, the sample size calculation indicated that 25 subjects would be
sufficient 1o idennty o change of 33% on the pain scale at a 2 sided signif-
wance level of 4 and with a power of B0% m a crossover design,
Subjects. Subjects recrmted fronn occupabional therapy (OT) reterrals had a
diagnosis ol RA using American College of Rheumatology criteria®, were
e than 1% vears of ape, had o mimimuom ol 2 subluxed MTP joints bilat-
erallv, and had MTP jomt pain as therr must sigmficant foot problem.
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Lxclusion critena were midiarsal pain with passive monion and on weight
bearing: prioe foot surgery, except hallux valgus correction: an unstahle
medicaton regmen: impaired mentul stitos and/or poor English compre-
hension. Concurment fuat treatment was pof permtted except regularly
seheduled podiatne skin und naol care: Subjects using foot wrthoses or shoe
adaptations were reguired o stop their use and participate m i 2 week
wishout.

Approvil o conduct the study was received from the Ethies Commitiee
of the Liniversity of British Columbia amd the Research Committee of The
Arthritis Socwety Subjects were sereened by rheumuatologist and an O,
and then signed consent Foemis. Dita collection oceurred over 6 vears, Slow
recrotment wos aitnbuted o sirmgent excliusion Crteria reguimng stability
of medications und the need tor discontimuation of previously worn
orthises,

Lrexsign. bach subjectwas randomized o @ sequence of three 12 week toals,
separated by 2 week washouts, Assessments were done at the beginming,
mudterm. and final visit of cach tral by designaned OT whe were blinded to
the interventions All assessiments ocewrmed at about the same time of day.
Enrry buseline dati were collected 1wice over 2 weeks, and then averaged.

There were 3 anterventions. supportive shoes worn alone, supportive
shiowes worn wath solt orthoses, and supportive shoes worn with semi-rigid
orthoses. All miterventions were provided at no cost. Parucipating OT had
al least 2 years' experience mathrins care, They supervised the shoe Ditting
and fabricated the orthoses according fo climcal prowocals,

Extri-depth shoes, made by the PW Miner or Drew Co,. priced a
rotghly S220.00 Cdn, were provided. They were selected because of their
highs firm heel coamer: beel herght of 15 w0 20 cme: instep lacing, waide,
deep toe honc and thick. compuosite sole, This type of tootwear accommi-
dates an orthosts and helps o manntain the neutral aligniment of the Toot,

The senn-ngid orthoses were made fiom 3 mm subortholen™ (Suby, on
casts tuken 1o non-werght bearing position. The distal end of the subort-
holen followed the line of the metatarsal heads and ended just proximal to
them. Underlying torefoor and hindiool mickleplast posts were attuched. A
tull length leather liner, coshioned under the forelomt with 18 PPT foam”.
was added. This type of arthosis costs SEHS 0Cdn per pair,

The soft othuses were formed by the subject standing on preheated
H4" fow density plastisae (Plspand exended the full Tengeh of the toot,
Muedim densiny 47 plastazote meliatarsal s were added 1o the under-
stdes These orthoses were priced at $335.00 Cidn per pair

Adjustments (o the orthoses were comnpleted within 2 weeks Subjects
were ashed worecord therr danly weanng e and wse of other footweur in
alog hook,

Ot e pegnerey, Pain wis measured using o 10 eme horizontul visual
amalig seale (VASY anchored by “ne pain™ and “pam as bad as it can
hettit

The ot count method of the Cooperating Clhines of the ARA was used
tovassess lawer extreniity goimt sy novitis' 1ewas pdministered by the theuma-
oot during screenimg and by an O wssessor at cach ial sequuence

Lower extremity function was meiasured using the ambulation section
of the Robinson Bushall Functional Assessment (RB), consisting of
stnding. walkine. and star climbing seales'™ ™ and the walking and stai
chimbing compoments of the Toronto Activitios of Dailv Living Measure
(TADLY™, Fifty oot walkunge time was also recorded ™

ACTD cm VAS was used 10 recond subjects” impression of treatment
etfecnveness at the midierm and end of cach imtervention. At their last visit
subjects completed o treanment preference guestionmre ranking the inter-
ventions imeluding “ne treatment.” They repeated this ranking considering
the price of cach ntervention

To detewt material comnpression over tme. the thickness of the foretoot
portion ol the orthoses was measored using o Teclock™ dial gauge that
meastres o O mne Areach assessment 2 specitic points were measured,
direetly under the 3rd metatarsal head and 2 em proximal 1o it
Statistical anetfiod. The 3 treatments were compared by means of a
crossover desizn Palients were assigned wn random o one ot 6 possible

seguences. using o Lalin square bulanced for carryover effeets™!. Potential

carryover eifects were further mimimized by mtroducing a 2 week wish:
period between successive treatments, Analysis of variance TANOVA)
curried out W compare treatment effects, teating as well lor carmviner
puriod effects™. Analysis of covanance was bsed 1o adjust 1or entry by
line levels and again for baseline levels at the start ol cach imtervention ..
results were compared with those ol the ANOVA unadjusted For usehnes
Duncan’s method was used o adjust for multple comparisons=

To vestgate the effects of duration of treatment on the varions
outcomes measured, repeated measures ANOVA were cruiploved, asing
data at the start, midierm, and completion ol cach 12 week mtervention

Regression analysis was employed 1o relate the amount of Tog book
wearing e o final visit pain scores and subjective assesstent of the
etfectiveness of euch imtervention. Multiple regression related pain scores
10 change in orthosis thickness, adjusted Tor body weighi

Subjects” impressions of treatment elffectivencss were compared by
means of ANOVA Stnular analyses were carmicd out on mician pain score.
m comparison with corresponding treatment preference und vn the compa
ison of treatment preference with upe, lower extremity functional feset s
ankle or subtalar joint involvement,

RESULTS

Twenty-eight subjects started the study., Four withdre.
before its completion: one moved away, 2 had medic.!
complications, and one died. Of the 24 that completed the
study, 2 subjects stopped the shoe trial early and one stopped
the plastazote trial early, at which point assessments were
done and scores carried forward. Twenty-one subjects were
women with a mean age of 60 = 10 (SD) vears and 3 were
men with a mean age of 63 = 2 years. The average duration
of their disease was 15 £ 9 years. Their mean body weight
was 154 £ 46 Ib. On entry, they had a mean ot 7 MTP joints
with synovitis and 8 with subluxation.

The mean puain scores at final visits, not adjusted o
baseline. showed subjects had significantly less pain wh
using subortholen (mean 3.02) than when using shoes alo
(mean 4.92) (p = 0.013). Scores for plastazote (meadan 4o
were indistinguishable from both. When adjusted for dhtlo
ences 1n baselines at the start of each intervention. the meun
pain scores at final visits showed a significant difterence i ¥
the 3 treatments (p = 0.006). with the difference lying
between subortholen and plastazote. and subortholen and
shoes. There was no significant difference between plasta-
zote and shoes (Table 1).

Tuble 1. Meuan pain scores.

Submrtholen (S0 Plastazote (SD) Shives (8121

Baseline 489 (237 LA (215 480 785N

Midterm 290224 J66H 1243 437242

Final (unadjusted 302 (2,000 4004237 1492287

Baseline final 187 (220 0001 249y NS (rT
ditference”*

Final adjusted for 288 (SE 044 427 (5E 045 L7948k 0 .

haselipe =+

“p = 0013 comparisom across reatments, subortholen (Sub) sigmificantly
difterent from shoes, **p = 0.027 compirson across treatments, Sub < iein?
antly different from plastacote (Plas) and shoes, =¥ p = 000 conmparisor
across treatments. Sub o sianificantly  ditferent trom Plas amd <hoes
"Adjusted for baseline value by analvsis of covananee |

f6d4
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When puain scores were analyzed over time. the mean
piin seores tor subortholen showed a highly significant
elfect from baseline (mean 4.89) to final visit (mean 3.02)
(p = 0.0004), This effect was achieved during rhe first 6
weeks of the trial. Over time, the mean pain scores for plas-
tazote orthoses and supportive shoes worn alone did not
show significant change. When compared across treatments,
the change in pain lor subortholen was significantly
different from the change that occurred with both plastazote
and shoes alone (p=0.027) (Table 1),

None of the interventions showed a significant effect on
MTP joint svnovitis or lower extremity function. from base-
line 1o final visit (Table 2).

The treatment effectiveness VAS rated subortholen
(mean 6.87) s significantly more effective than shoes alone
{mean 4.86) (p = 0.035). Plastazote ranked m the middle
(meuan 6.00) and was not statistically distinguishable trom
either.

Mean “dinly wearing time” for subortholen was 6.15 h
(S 2.32). tor plastazote 5.89 h (SD 2.36). and for shoes
alone 579 h (SD 2.53). Regression analysis showed no
sigmiticant correlation between the amount of pain and the
amount of time subjects wore the intervention. However,
there was o signtficant correlation between treatment effec-
tiveness VAS and wearing ume for subortholen orthoses
fr=10.52.p=0.01). No corresponding correlation was found
for shoes or plastazote orthoses.

Repeated measures analysis showed that hoth types of
orthoses had statistically significant material compression
tp < (0,002} From baseline to final visit, the mean compres-
sion of subortholen was 0.04 em under the 3rd MT head and
0.07 em at the point 2 ¢m proximal to it, During the same
period. plastazote compressed 0.28 cm and 0.27 cm, respec-
tively. For both types of orthoses. no correlations were seen
in pain, body weight, and material compression.

On the treatment preference questionnaire, 11 subjects
chose subortholen. 11 chose plastazote, 2 chose no treat-

Fubfe 3 Mean pain scores tor treatment preference groups.

Prefer Prefer
Subortholen (S Plastazate 1SDa.
n=11 n=11
Mean pain wearing subortholen FA JIR2.34)
Maan pann wearng plastazote 379 (LT 2495 (24

Fpo= 04N vs mean pain wearmg subortholen,

ment. and no one chose shoes alone. The group who chose
“no treatment” was not analyzed due w small sample size.
The subjects who chose plastazote had similar mean pain
scores during both their subortholen (mean 3,13) and plasta-
zote trials (mean 2.95), However, the subjects who chose
subortholen had sigmificantly more pain when wearing plas-
tazote (mean 4.79) than when wearing subortholen (mean
311y (p=0.002) (Table 3). The price of the orthoses was not
a factor in treatment preference, Patient preference did not
correlate with age, lower extremily tunctional level, or
ankle/subtalar joint involvement.

DISCUSSION
An carly literature review found several deseriptive articles
and a retrospective survey on the conservative management
of metatarsalgia, but no randomized controlled  studies.
Various authors recommended external metatarsal (MT)
bars. internal MT pads, orthoses. und extra depth or molded
shoes™ V7. These measures are designed to relieve pain by
transterring weight bearing from the metatarsal heads.
absorbing shock. reducing shearing forces. and accommo-
dating deformity="*>"", A survey in 1982 compared surgical
and conservative treatment for metatarsalgia secondary to
RA. Of the 27 subjects in the conservative group. 74%
reported relief from shoes modified with foam orthoses™,
A maore recent review tound 3 studies thut examined the
effect of shoes or orthoses on lower extremity pain and fuli:c-

Tuble 20 Mean lower extrenuty tunction and joint synovitis scores at baseline and final visits,

Subortholen (5D
Buseline Final

Plastuzote (SD)
Baseline Final

Shoes (S
Baxeline Final

BR.2(17.5)
Y28 (B2

RB walking. s
RB stairs, «
RB stand, 5

K69 (21.4)
924 01Lh

TADL walking ER Rt TOLO8)

FADL stwirs S0000.240 S.0(0.201

TADL sub walk * 370100

S walking, 5 [EREERET 14143

Lower extremity  17.5 (7.66) [4.9 (7.90h
Jomt count

MTP joint count 7.7 (2.66) FA(29)

NIS(ZL
Q200107
STO3(T7.0 5611 0100.5) 5387 (146.7) ST04 (86.5)
TN OR)
S (0.00)

44 L3R
1470571

G 3 43)

MED1V.6)
Gl ildh

Recl 2100 Revd (199
YiY (15.6) Sl
S50.6 (1133 5368131 1)

00010 649015 91,15
S22 S0 (0.20) SAVUE2Ly
144112 ¥ 28 (1.3
13.9 4y (4.6 (1RT Y FAded by
15,1 (3.661 1 7.34¢7.90 L7.518.7)
7030 T 320 72030

Ny sigmificant ditference in scores at final visits.

RB: Robinsan Bashall Functional Assessment. TADL: Toronto Activitios of Daily Living Measure.
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tion in subjects with RA. In 1990, Moncur and Ward™
provided heat moldable shoes to 25 subjects. All subjects
reported increased comfort and 80% reported improved
walking. There was no control group and outcome measures
were bused on self-report. In 1996, Conrad, er a/* studied
the eftect of rigid and placebo orthoses on foot pain and
disability. Their sample was atypical of RA, as 1t consisted
of men without foot deformity despite long disease duration.

No treatment effect was found, perhaps due to lack of

control of footwear and medical regimen, and a possible
treatment effect from the placebo. In addition, the Foot
Function Index™. one of the measures used 1o record foot-
specitic pain and disability, was not introduced until the 2nd
year, by which time a treatment effect may have occurred. In
a 1997 controlled trial studying the effect of extra depth
shoes on chronic fool pain in RA, Fransen and Edmonds®!
reported improvement in pain. function, gat velocity. and
stride length. However, investigators were not blinded and
concurrent use of orthoses was not controlled. Their design
was unconventional, as the control group became an exper-
imental group in the latter part of the study. In contrast, our
study used blinded assessors and a sample typical of most
described RA populations. We also controlled for change in
medical regimen and other concurrent foot therapy.

We found subortholen orthoses had a highly significuant
effect on MTP joint pain. the primary outcome, with a 38%
reduction in pain exceeding our expectation of 33%. This
effect, which we believe 1s chimically significant, occurred in
the first 6 weeks and was maintained throughout the trial,
Neither plastazote orthoses nor supportive shoes showed a
statistically or clinically significant effect on  pain,
Moreover. 2 subjects, while wearing shoes alone, had u
dramatic increase in MTP pain causing them to stop this trial
within 2 weeks. Our results with supportive shoes are in
contrast to the Fransen and the Moncur studies.

Both orthoses showed staustically significant material
compression, due in part to the precision of the dial gauge.
With subortholen orthoses. the 3% loss was probably due to
thinning of the leather lining and is unlikely to be clinically
significant, The plastazote orthoses compressed roughly
25% . Although no correlation was found between material
compression and pain, a longer trial with further-compres-
sion may have resulted in increased pain. This could have
clinical importance, since frequent replacement of the
orthoses may be required to maintain pain relief,

The 11 subjects who preferred subortholen had signifi-
cantly more pain when using plastazote than when using
subortholen, suggesting more effective pain relief guided
their choice. The 11 subjects who chose plastazote had
similar levels of pain with both plastazote and subortholen.
suggesting fuctors other than pain reliel. perhaps softness or
case of wear, guided their choice.

None of the interventions showed an eftect on MTP
synovitis. This may be because the joint assessment scoring

procedure recorded only the presence or absence ol
Synovitis, not its varying degrees.

Lower extremity function as measured was unchang,
by the interventions. Laboratory gait analysis may hin
detected change i gait variables, but this was not availahl
Our results on lower extremity function are in contrast (o th
Moncur®* and the Fransen®' swudies. Moncur showeq
mmprovement in walking on a self-report scale, and the
Fransen study showed improved gait velocity and stride
tength. Our results concur with the Conrad ™ study, where no
functional improvement was found,

In this study, semi-rigid foot orthoses worn in supportive
shoes were shown to be an effective treatment for
metatarsalgia secondary to RA. While it was not a con-
trolled tral, it is the only reported sequential tral studying
conservative treatment of metatarsalgia in a standard RA
population, Although the supportive shoes used in our stud:
were ineffective. jogging shoes with 1 more shock absorbin-
sole may reduce MTP joint pain. and should be investigate:!
Soft orthoses did not provide significant pamn relief and hq
limited durabilitv. However, they may be clinically usctu:
for clients who cannot tolerate more rigid materials.

Controlled clinical trials using objective measures such
as laboratory gait analysis are needed to determine specific
indicators tor orthotic prescription and to nvestigate the
effectiveness of orthoses on pain in other joints of the fool
and lower extremity.
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