Rheumatoid Forefoot Deformity: A Comparison Study
of 2 Functional Methods of Reconstruction
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ABSTRACT. Objective. To compare the functional, radiographic, and pedobarographic results of different recon-

structive methods for severe rheumatoid forefoot deformities.

Methods. A total of 138 feet in 79 patients with RAforefoot reconstructions between 1978 and 1997
were reviewed through a detailed questionnaire, clinical examination, standardized radiographs, and
pedobarographic analysis. Five subgroups based on procedure to the 1st ray were identified, then
divided into 2 functional categories: Group 1: stable 1st ray by means of arthrodesis or no surgery;
and Group 2: aresection procedure to 1st metatarsophalangeal (MTP) joint.

Results. Sixty-one patients (106 feet) attended clinical review; 18 returned the questionnaire. There
were 65 women and 14 men, with a mean age of 59 years (range 24-80): with 52 feet in Group 1
and 86 feet in Group 2. Mean age at surgery for both groups was 52 years (range 23-79). Mean age
at the time of review was 55 years (Group 1) and 60.5 years (Group 2). Length of followup was
significantly different: Group 1 averaged 36 months; Group 2, 102 months (p < 0.001). At review,
no significant difference was noted in SF-36, comorbidities, WOMAC, or Foot Function Index. The
disability score as defined by the American Rheumatological Society was significantly different:
Group 1, 2.1 + 0.5; and Group 2, 2.4 + 0.6 (p = 0.006). Group 1 did significantly better in terms of
walking distance, satisfaction with postoperative appearance of foot, relief of plantar pain, less
plantar calluses, and higher AOFAS HMIP and LMIP scores. Postoperative complications occurred
in 16 feet (11%); 15 feet required reoperation (10.6%). Major resection of the 1st MTP joint was
associated with asignificant increase in the 1st and 2nd intermetatarsal angle on radiographic review.
The pattern of pressure distribution on the plantar aspect was similar regardless of the surgical proce-
dure. The maximum contact area, maximum peak pressure, and maximum pressure time integral
were located under the region of the 1st metatarsal, with a progressive decrease in values under the
more lateral rays and under the lesser toes. Significantly higher pressures were seen under the 1st,
2nd, and 3rd metatarsal regionsin Group 2 (1st MTP joint resection). Toe function was absent or
minimal in the majority of Group 2.

Conclusion. Forefoot arthroplasty by means of a resection or stabilization provides significant pain
relief. Maintenance of a stable 1st MTP joint and resection of the lesser metatarsal heads with K-
wire stabilization will result in a more cosmetic forefoot, more even distribution of forefoot pres-
sures, and more satisfied patients. (J Rheumatol 2003;30:1440-50)
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Theforefoot isan important area of morbidity in rheumatoid
arthritis (RA). Initial manifestation of RA occursin the foot
in 16% of patients!; 80-100% patients with a 10-year
history have symptomatic forefoot problems?®; 25-40% of
all surgical procedures are done on the foot”8. Symptoms
start due to active inflammation with synovitis in the
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metatarsophalangeal (MTP) joints. The inflammatory
process and associated swelling lead to capsular distention
and attenuation of the supporting joint ligaments. The loss
of ligamentous support stimulates structural deformity:
when the forefoot broadens, the hallux drifts into a valgus
position as pushed laterally by the normal weight-bearing
forces. The capsular distention and subluxation at MTP
joints cause dysfunction of the intrinsic muscles resulting in
over-pull of the long flexors and extensors. Lesser MTP
joints subluxate/dislocate dorsally and a flexion contracture
of the proximal (PIP) and distal interphalangeal (DIP) joints
develops. In the presence of halux valgus and claw-toe
deformities, symptoms will persist even without active
synovitis, since fixed deformities produce increased pres-
sure points resulting in erythema, bursitis, and painful callus
formation. Calluses form (1) dorsally over PIPjoints and at
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tips of the toes, (2) medially when prominent 1st metatarsal
(MT) head is the source of painful bursitis, and (3) plantarly
when lesser MT heads protrude, causing increased pressure.
The forefoot pain is described as “walking on marbles.”

A number of procedures have been described®!? and
Clayton® has outlined the principles of forefoot reconstruc-
tion. He emphasized direct treatment at the MTP joint and
decompression of the rigid joint contracture through
adequate bony resection to allow the phalanges to align with
the metatarsi. He advocated treating all lesser toes in the
same way regardless of varying degrees of involvement of
each ray. Modifications since have varied more in terms of
surgical technique than his principles: location of the inci-
sion, procedure to the 1st MTP joint, degree of resection of
lesser MTP joints, and methods of stabilization**20 — all
reported good results. Historically, some patients with a
resection arthroplasty went on to develop a stiff, painful 1st
MTP joint62, The tiffened 1st ray helped prevent lesser
toe subluxation and callosity formation beneath the MT
heads. Henry, et al?! demonstrated that the hallux retained a
more reliable weight-bearing position after an arthrodesis
and observed a decreased incidence of metatarsalgia and
plantar callosities; postoperative gait analysis showed that
toe-off in the latter part of the stance phase began earlier
than normal. The altered gait was attributed to the stiffness
and length of the 1st ray, which hel ped diminish dorsiflexion
forces across the lesser MTP area?. Conclusions drawn:
arthrodesis is better than resectiont?2023-26,

Surgery for a symptomatic RA forefoot is deemed the
most satisfactory method of treatment®?’. For severe defor-
mities?®, 1st MTP fusion combined with resection arthro-
plasty of lesser toes is preferred. Given the paucity of
clinical studies that compare outcomes of arthrodesis and
resection arthroplasty, our study aims to assess the interme-
diate and longterm outcomes of forefoot reconstructions and
to compare the results of different procedures performed in
one ingtitution over a 19-year period.

MATERIALSAND METHODS

From 1978 to 1997, 181 patients who had had a forefoot reconstruction at
Wellesley Hospital, Toronto, Canada, were identified. In total, 110 were
contacted directly; 49 were untraceable and 22 deceased at the time of
recall. They were reviewed using a detailed questionnaire, clinical exami-
nation, standardized radiographs, and pedobarographic analysis. The ques-
tionnaire was self-administered, consisting of activity level, satisfaction
with postoperative appearance, deterioration since surgery, and pain relief.
A generic assessment of health was made by means of a comorbidity ques-
tionnaire and the Short Form-36 instrument (SF-36). Disability was classi-
fied using the American Rheumatological Society classification?®.
Coexisting hip and knee symptoms were assessed using the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC)®. Pain
was assessed using the pain subscale of the Foot Function Index (FFI) vali-
dated for use in patients with RA3L, The American Orthopedic Foot and
Ankle Society clinica rating systems, the Hallux Metatarsophalangeal-
Interphalangeal (HMIP) and Lesser Metatarsophalangeal -1 nterphalangeal
(LMIP) scale scores, were utilized to give a more specific assessment of the
hallux and lesser toes®. The scores were based on a scale of 100 points

divided into 3 sections of pain (40 points), function (45 points), and aign-
ment (15 points): the higher the score the better the outcome.

Standardized radiographs consisted of weight-bearing anteroposterior
(AP) and lateral views of both feet and ankles. The hallux valgus, hallux
dorsiflexion, and 1st—2nd intermetatarsal angles were measured using stan-
dardized techniques®®3. Patients were evaluated clinically for a cocked-up
1st toe deformity as defined by a rigid flexure contracture at the IP joint
with variable degrees of dorsiflexion at the MTPjoint.

Pressure distribution beneath the foot was measured using the E-Med
pedobarographic system (Novel GMBH Electronics, Munich, Germany)
with a force plate of 2736 pressure sensors (4 per cm?). Each sensor was
sampled at 50 Hz and data stored in a computer. Pressure values were
displayed as a conform pattern on a color graphics display unit and on a
printer. The maximum pressure recorded for each sensor during the step on
the force plate was used for analysis. Patients were asked to walk at a
comfortable pace. Three recordings were taken of each foot during the
stance phase of walking as recommended by Hughes, et al®. The force
plate was placed at the end of the walkway and patients were asked not to
change their stride length or cadence as they approached the force plate.
The foot was divided into 1st toe (T1), 2nd toe (T2), lesser toes (T3-T5), 5
metatarsal head regions (MT1-MT5), the midfoot region, and the medial
and lateral heel regions.

Pressure distribution beneath the forefoot (toes and MT heads) was
evaluated by assessing 3 different pressure patterns: area of contact (cm?),
pressure time integral (PT1; Ns/em?), and peak pressures (N/cm?). Dataon
areas of contact and peak pressures provide useful clinica information.
Data on PTI are considered the most relevant method of evaluating the
physiologic effect of forefoot pressures on the soft tissues since they
measure both the magnitude of pressure and the time duration over which
this pressure was sustained®,

The SAS datistical software package (SAS Corp., Cary, NC, USA)
allowed for all statistical analyses. Each variable was classified into one of
5 surgical subgroups based on procedure to the 1st ray: Keller, Clayton,
Hoffman, Arthrodesis, and Non-operated (Figure 1). The subgroups were
further classified into 2 functional categories: Group 1 for a stabilized or
intact 1st ray (Arthrodesis and Non-operated) and Group 2 for a resected
portion of the 1st ray (Keller, Clayton, and Hoffman) (Figure 1). For quan-
titative data (age, comorbidity, disability, followup, outcome measures,
radiographic measurements, and E-Med data), a Student’s t test helped
determine any significant difference between Groups 1 and 2. For categor-
ical data (sex, walking distance, and the presence of plantar pain, callosi-
ties, hallux valgus, and cocked-up deformity), a chi-square analysis was
used to determine if there was a significant difference; if so, multiple
comparisons determined where it lay. To draw comparisons among the 5
subgroups, quantitative data underwent a one-way analysis of variance to
determine any significant difference. Significance for all statistical analysis
was defined as a p value < 0.05.

RESULTS

A total of 110 patients were contacted. Thirty-one did not
participate in the study: 5 declined to attend, 9 did not return
the questionnaire, 5 returned the questionnaire with several
sections incorrectly completed, 5 were too unwell to partic-
ipate, 2 were involved with other clinical studies, and 5 gave
no specific reason. Forty-nine of 181 patients were untrace-
able: 46 from Group 2 — mean age at surgery 68 years
(range 32-90) and mean time from surgery of 10.6 years
(range 50-234 mo); and 3 from the arthrodesis group —
mean age 67 years (range 54—-79), mean time from surgery
29 months (range 19-36 mo). Seventy-nine patients (138
feet) participated in the study. Sixty-one (106 foot opera-
tions) were clinically reviewed and a further 18 returned a
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Figure 1. Five subgroups of pati entswereidentified based on the procedure
to the 1st ray: (A) Non-operated 1st ray: Resection of the lesser M Theads
with no surgery on the 1st ray (n = 21 feet). (B) Arthrodesis. Resection of
lesser MT heads and arthrodesis of the 1st MTP joint (n = 32 feet). (C)
Clayton procedure: Resection of all 5 MT heads and base of the proximal
phalanges (n = 30 feet). (D) Hoffman procedure: Resection of all 5 MT
heads (n = 24 feet). (E) Keller procedure: Resection of lesser M Theads and
base of the proximal phalanx of 1st toe (n = 35 feet). The 5 subgroups were
further classified into 2 functional groups based on the procedure to the 1st
ray: Group 1: Stable 1st ray (Aand B); Group 2: Mgjor resection (C, D, E).

detailed questionnaire. Sixty-five were women and 14 men,
with a mean age of 59 years (range 24-80 yrs). The mean
age at surgery was 52 years (range 23—-79 yrs). The mean
followup time was 6 years and 3 months (range 6 mo-19
yrs).

Five subgroups were identified: (1) 21 feet: no surgery to
the 1st toe and MT head resectionsto all lesser rays (Figure
1A); (2) 31 feet: 1st MTP arthrodesis and MT head resec-
tions to lesser toes (Figure 1B); (3) 29 feet: resection to 1st
MT head and proximal phalanx of the hallux, together with
a proxima hemiphalangectomy and MT head resection to
lesser toes (Clayton, 1960) (Figure 1C); (4) 23 feet: resec-
tion to al MT heads (Hoffman, 1912) (Figure 1D); and (5)
34 feet: a proxima hemiphalangectomy of the 1st toe
coupled with either a proximal hemiphalangectomy or MT
head resections of lesser toes (Keller, 1912) (Figure 1E).
These were categorized into 2 functional groups: Group 1:
the stable 1st ray group consisting of 52 feet (Figures 1A,

1B); and Group 2: the major resection group (Figures 1C,
1D, 1E) consisting of 86 feet. Six patients had undergone a
major resection on one foot and an arthrodesis (i.e., no 1st
ray operation) on the other foot. For statistical analysisthese
patients were included in both groups.

All 1st MTP joint fusions were stabilized by small frag-
ment AO screws in a crossed fashion or threaded K-wires.
In lesser toes, K-wire stabilization was not used, except in
the arthrodesis group, where threaded wires were passed
through the toes and M T shafts and left in situ for 5 weeks
postoperatively. The use of threaded pins alowed the
surgeon to maintain a gap at the site of the resected lesser
MT head. The presence of the gap helped establish a mobile
pseudoarthrosis and prevent the development of excessive
stiffness at the lesser MTPjoint level. The threaded K-wires
also helped maintain the lesser toes in a functional position.
Surgically the MT heads were resected either plantarly with
a single transverse incision, or dorsally with 2 longitudinal
incisions or a single transverse incision. Forty-nine patients
underwent a plantar approach and 89 underwent a dorsal
approach.

Groups 1 and 2 were analyzed and compared. No signif-
icant difference was found in age, sex, height, or weight.
Average age at time of operation for both groups was 52
years. A difference in the age at the time of review was
remarkable: average age in Group 1 was 54.7 + 10.2 years
and in Group 2, 60.5 + 13.1 years. This corresponded to a
significant difference in the average length of followup:
36.1 + 43.4 months in Group 1 and 102.0 = 52.9 months in
Group 2 (p < 0.001) (Table 1).

The RA population in this study was similar to that of
other clinical series in terms of manifestation of disease:
average of 6 = 3 comorbidities per patient, average of 8
(range 2-13) other joints involved, with no significant
difference between the 2 functional groups (Table 1). The
majority had had other orthopedic procedures in the past
(mean number of procedures 1.7, range 0-6). In terms of
disability, 4 patients were grade 1 (normal function), 49
were grade 2 (adequate function, some discomfort), 25
grade 3 (activities of daily living only, limited by discom-
fort), and one grade 4 (largely incapacitated). A significant
difference was noted in the average disability score: 2.1 +
0.5in Group 1 and 2.4 + 0.6 in Group 2 (p = 0.006) (Table
1). They had, on average, 2.5 other systemic diseases as
assessed by the comorbidity questionnaire (Table 1). Their
SF-36 scores were significantly worse than an age-matched
population. When results were broken down into the 8
subsections of the overall SF-36 score, no significant differ-
ence between the 2 functional groups was noted in the
overall score or in any of its subsections (Table 2). The
patients mean WOMAC score was 45.7 (SD 14.7),
reflecting poor general health and significant coexistent
knee and hip pathology (Table 3). No significant difference
was observed in the pain subscale of the FFI (Table 3), nor
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Table 1. Postoperative data, Groups 1 and 2.

Age at Followup Age at Operation Followup Comorbidity ~ Walking Distance* Satisfaction with Surgery**  Disability

Group 1 547+ 131 518+ 135 36.1+434 6.7+33 29+10 12+05 21+05
p =0.004 p<0.001 p = 0.008 p = 0.006 p = 0.006

Group 2 60.5+ 10.2 52.0+10.8 102.0+52.9 6.4+35 25+0.9 15+08 24+0.6

* 1: < 1 block; 2: 2-5 blocks; 3: 5-10 blocks; 4: no limit. ** 1: Very satisfied; 2: somewhat satisfied; 3: somewhat dissatisfied; 4: extremely dissatisfied.

Table2. No functional difference was noted in the overall SF-36 score or any of its subsections.

PF RP BP GH VT SF RE MH

Group 1 39.8+238 303+427 4224233  483+279  422+260 699+273  57.7+391 708+212
p=0579 p=0.674 p=0.146 p=0.151 p=0219  p=0501 p=0089  p=0712

Group 2 376+215 33.1+359 474+186  547+238  473+215 69.9+387 694387 727+197

Subscales: PF: Physical Function; RP: Role Physical; BP: Bodily Pain; GH: General Health; VT: Vitality; SF: Social Function; RE: Role Emotional; MH:

Mental Health.

Table 3. For both groups, no significant difference was observed in the pain subscale of the Foot Function Index (FFI) or in the 3 WOMAC subsections or
the overall WOMAC scores. Patients mean WOMAC score was 45.7 (SD 14.7), reflecting poor general health and significant coexistent knee and hip

pathol ogy.
FFI WOMAC WMAA WMBB WMCC
Group 1 215+ 204 45+ 153 38.6+16.1 49.8+ 185 46.5+16.3
p=0.188 p=0.393 p=0.189 p=0.928 p=0.254
Group 2 26.7+239 472+ 145 424+ 16.3 495+ 164 49.7 + 0.254

any significant difference in the 3 WOMAC sections or in
the overall WOMAC scores (Table 3) of both groups.

At the time of review 44% of patients were working, the
majority in full- or part-time office employment. Eighteen
percent had changed jobs since undergoing forefoot surgery;
only one cited surgery as the cause (unable to resume work
following operation.) Walking distance was limited to less
than 10 blocks in 73% of patients. Group 1 had a signifi-
cantly increased walking distance (p = 0.008) compared to
Group 2 (Table 1). Only 13% of patients used awalking aid.
Following surgery, 62% of patients found shoe-fitting
easier: Group 1 reported a satisfaction rate of 71%,
compared to 57% for Group 2. The difference approached
significance (p = 0.09). Among patients for whom shoe-
fitting was not easier, a smaller foot following extensive
resection was the most common reason.

Postoperative complications occurred in 16 feet (11%),
with no significant difference between the 2 groups. All
consisted of wound infections and al resolved with antibi-
otic therapy. Of the 16 feet, 11 were operated on with a
dorsal and 5 with a plantar incision. After surgery, 22% of
patients felt their feet had deteriorated; the time of deterio-
ration varied from 6 months to 6 years, with no significant
difference (p = 0.48) between the 2 groups. For reasons

outlined in Table 4, 15 feet required reoperation (10.6%).
All but one belonged to the major resection group; the
largest number was found in the Keller resection group.

Seventy-five percent of patients were satisfied with the
appearance of their foot, 80% in Group 1 and 67% in Group
2: asignificant difference (p < 0.001) (Figure 2). We found
no correlation between patients willingness to have surgery
again and their degree of satisfaction with appearance.

Forty-four patients derived complete pain relief
following surgery; 35 reported partial relief. No patient was
made worse by surgery. Sixty-seven percent of patientswere
very satisfied with the result and 26% somewhat satisfied
(Figure 3). Group 1 reported significantly higher satisfac-
tion rate than Group 2 (p = 0.006) (Table 1). If indicated,
85% of patients reported that they would have surgery
again.

In Group 1, 27% of patients reported plantar forefoot
pain, and 49% in Group 2, asignificant difference (p = 0.01)
(Table 5). Some complained of a diffuse pain in the plantar
aspect, while others localized pain to specific sites, most
commonly under the resected end of the 2nd and 3rd rays.
Out of 24 feet (22%) that had plantar calosities, Group 2
had a significantly greater number: 34% in contrast to 5% in
Group 1 (p < 0.001) (Table5). In the Clayton group, almost
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Table 4. Reasons for reoperation.

Initial Procedure

Reason for Reoperation

Revision Procedure

Great Toe Lesser Toes
1 Keller MT Pain, deformity 1st MTPjoint fusion
2 Keller MT Pain 5th ray 5th ray amputation
3 Keller MT Plantar pain Metatarsal trimming
4 Keller MTPP Pain, ulceration Metatarsal trimming
5 Keller PP Pain Metatarsal head resection
6 Keller PP Pain Metatarsal head resection
7 Clayton MTPP Pain Metatarsal trimming
8 Hoffmann MTPP Pain, ulceration Metatarsal trimming
9 Arthrodesis MT Painful nodule under hallux Excision of nodule
10 Unoperated MT Pain, deformity 1st MTPjoint fusion
11 Unoperated MTPP Pain, deformity Clayton
12 Unoperated PP Pain, deformity Hoffman
13 Unoperated PP Pain, deformity Hoffman

MT: Metatarsal head resection; PP: proximal phalangectomy; MTPP: metatarsal head resection and proximal phalangectomy.

Satisfaction Scale

1 Group 2

Figure 2. Patient satisfaction with appearance of their feet. Scale as
follows: 1, very satisfied; 2, somewhat satisfied; 3, somewhat dissatisfied;
4, extremely dissatisfied.

18

half the patients experienced plantar pain; this group had the
greatest amount of bony resection, involving MT heads and
proximal phalanges of all toes.

The mean score for the FFI pain subscale was 24.7 (SD
22.6) (Table 3). Therewas no significant difference between
Groups 1 and 2. A one-way ANOVA showed no statistical
difference among the 5 surgical subgroups (p = 0.295). The
pain score was worst in the Clayton group (31.6 £ 25) and
best in the arthrodesis group (20.6 + 18.8).

For the HMIP and the LMIP scale scores of both func-
tional groups, only the patients who returned for a clinical
review provided data, i.e., 106 feet in 61 patients: 42 feet in

16 4

—
N

£12 4

(c

10 4

are

- 8 .
6 4

Contac

4
2

0+

‘Ok+m+t
‘Watu

med heel  lat heel midfoot MT1 MT2

MTS T T2

MT3 MT4 T3-5*

Location

Figure 3. Contact areafor the 11 masks of the foot. Group 1 consists of patients with arthrodesis and non-
operated 1st ray (black bars; a+ u). Group 2 represents patients with Keller, Hoffman, or Clayton proce:
dures with resection arthroplasty of the 1st MTPRjoint (white bars; k + m +t). MT: metatarsal head, T1:
1st toe, T2: second toe, T3-T5: lesser toes. * Statistically significant difference. The increased contact
area beneath T2 approached significance (p = 0.072).
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Table 5. Symptoms experienced by patients in both groups.

HMIP LMIP Plantar Pain* Plantar Callosities** Clawed Lesser Toes' Cocked-up First Toe'™
Group 1 755+ 10.6 73.8+11.0 1.7+04 20+£0.2 18+04 18+04
p < 0.001 p < 0.001 p=0011 p < 0.001 p=0.003 p <0.001
Group 2 66.3+ 114 58.8+ 135 15+05 1.7+05 15+05 1.3+05

* 1: Pain, 2: no pain. ** 1. Calosities, 2: no callosities. T 1: Clawed toes, 2: no clawed toes. ™ 1: Cocked-up toe, 2: no cocked-up toe. HMIP: Hallux
Metatarsophalangeal -Interphalangeal scale; LMIP: Lesser Metatarsophalangeal-Interphalangeal scale.

Group 1 and 64 in Group 2. The mean HMIP score for
Group 2 was 66.3 £ 11.4 and for Group 1, 75.5 £ 10.6, a
significant difference (p < 0.001). The mean LMIPscore for
Group 2 was 58.8 + 13.5 and for Group 1, 73.8 £ 11.0, a
significant difference (p < 0.001) (Table5).

The mean hallux valgus angle on standing AP radi-
ographs was 25.6 + 14.9. The lowest angle was found in
arthrodesed feet (mean 24.2°); the highest in feet with no
surgery to the 1st ray (mean 28.2°) (Table 6) (p = not signif-
icant). However, the 1st-2nd intermetatarsal angle was
significantly greater in Group 2 compared to Group 1 (p =
0.049). The remainder of radiographic comparisons were
insignificant.

Clinical evaluation for a cocked-up 1st toe revealed that
Group 2 had a significantly greater number of patients with
this deformity (p < 0.001). An increasing hallux valgus
angle and hallux dorsiflexion angle correlated with
increasing dissatisfaction with the postoperative appearance
of thefoot.

Pressure distribution was evaluated on 61 patients,
ng area of contact (cm?), pressure time integral (PTI;
Ns/cm?), and peak pressure (N/cm?). The pedobarographic
analysis measured 100 feet, of which 37 were in Group 1
and 63 in Group 2. Six feet were excluded (3 patients: 2
from Group 1 and one who had an arthrodesis on one foot
and a Clayton on the other) for technical problems (one
patient) and an inability to walk properly across the force
plate (2 patients). The overall pattern of pressure distribu-
tion was similar regardless of the procedure. The maximum
contact area, maximum peak pressure, and maximum PTI
were located under the 1st metatarsal, with a progressive
decrease in values under the more lateral rays and lesser
toes. The contact area, peak pressure, and PTI for the medial

Table 6. Radiology findings.

HVAngle Hallux Dorsiflexion Angle IMTAngle
Group 1 256+ 138 269+ 16.6 10.6+3.3

p=0.783 p=0.316 p =0.050
Group 2 264+16.1 30.6+19.5 122+43

HV: hallux valgus angle on standing AP radiographs; IMT: 1st-2nd inter-
metatarsal angle.

heel, lateral heel, and the midfoot regions were similar
among the 5 subgroups (Figures 3, 4, 5). The forefoot
contact areas for the 2 functional groups are depicted in
Figure 3. Group 1 had significantly increased contact areas
beneath the 1st toe and lateral toes (p < 0.05). The contact
area beneath the 2nd toe was greater in Group 1, adifference
that approached significance (p = 0.072). With regard to
lesser toes, the primary difference was found to be that most
of Group 1 had threaded K-wire stabilization for 5 weeks.
Significant differences in the peak pressures and PTI
beneath the MT heads were identified between the 2 groups
(Figure 4). Group 1 had significantly lower peak pressures
beneath the 1st to 3rd M T heads. PTI reveaed significantly
lower values beneath the 1st to 4th MT heads in Group 1
(Figure 5). Peak pressures were significantly greater
beneath the 1st and 2nd toesin Group 1 (Figure 4); the same
pattern was observed in the PTI, with no significant statis-
tical differences (Figure 5).

DISCUSSION

It was apparent that the stable 1st ray group (Group 1) fared
better in many categories than the major resection group.
Two important distinctions must be made: (1) the duration
of followup was significantly longer in Group 2; and (2) at
the time of the clinical review, Group 2 was significantly
older, and thereby had been affected by RA for a longer
period, evidenced by a significantly higher disability score
in Group 2 (2.4 vs 2.1). The following factors must be
considered for comparability: (1) no significant differences
were identified in the comorbidities and SF-36 and
WOMAC scores, areflection of the overall health of both
groups; (2) only asmall number of patients reported deteri-
oration from the time of surgery; (3) significant differences
were primarily related to foot function based on pedobaro-
graphic analysis, physical examination, and radiographic
evaluation; and (4) patients with a successful arthrodesis
were unlikely to experience a progression of deformity at
the 1st ray16,20—22,28.

Since Hoffman's original operation in 1912 numerous
techniques in arthroplasty have been described. They vary
from the type of incision and procedure on the 1st MTPjoint
to the degree of resection of lesser rays and the methods of
stabilization. The options for the 1st ray are MTP
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arthrodesis, resection, or arthroplasty. Reports indicate all
have yielded good clinical outcomes?1012.17.18,20.23,24,26,28,37-51
and only a few series compared the outcomes of various
procedures®®SL, Although it is retrospective, our report is the
largest of comparison studies to date that assesses the
surgical outcome of various reconstructions. It is one of the
few to utilize validated outcome measurements and pedo-
barographic analyses. These factors strengthen any statisti-
cally significant observations made in the study.

Smilarities. We found many similarities to other clinica
reviews, as follows. (1) There was no clear advantage of
dorsal longitudinal incisions over the plantar approach. (2)
There was an increased incidence of postoperative infec-
tions with the dorsal approach (all resolved with a short
course of antibiotics and local wound care). (3) Therewas a
reoperation rate of 10.6%, the most common procedure
being excision of a single plantar prominence, similar to
other clinical series®1220.26.283847-495253 (4) Fewer patients
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in Group 1 required revision surgery (statistically nonsignif-
icant). Most revisions in all 5 subgroups were done within
2-3yearsof initial surgery. (5) Theincidence of revision did
not increase with longer followup. (6) The majority of
patients reported no deterioration in clinical results since
initial surgery. (7) All patients derived complete or partial
relief of their forefoot pain and 93% were satisfied with the
surgical outcome; this high satisfaction rate is similar to
other noncomparative reviews>1220283847485253 (8) The
patterns of plantar forefoot pressure on all patients were
similar to those of other pedobarographic evalua
tions!421355455 The maximum contact area, maximum peak
pressure, and maximum PTI were located under the region
of the 1st metatarsal, with a progressive decrease in values
under the more lateral rays and lesser toes (Figures 3, 4, 5).

Satisfaction. Patient satisfaction was high regardless of the
procedure type. However, significant differences were iden-
tified between 2 functional groups: Group 1 reported signif-
icantly higher satisfaction in terms of appearance, ease of
shoe-fitting, surgical results, and fewer plantar calosities
and less plantar pain. The HMIP and LMIP scores based on
pain, activity levels, footwear, motion, calluses, stability,
and alignment were significantly higher in Group 1. The
physical outcome section of the WOMAC revealed a trend
toward improved outcomes in Group 1. A greater number in
Group 2 suffered aresidua cocked-up 1st toe deformity and
difficulties with footwear.

Pedobarographic analysis. Group 1 had more favorable
outcomes: greater distribution of forces through the first and
lesser toes, corresponding to an increased forefoot contact
area (Figure 3); astable 1st ray with well aligned lesser toes,
alowing a more physiologic distribution of weight-bearing
forces; and decreased peak pressures and PTI beneath the
1st through 3rd MT heads (Figures 4 and 5). The stabilizing
effect of a functionally positioned 1st toe is confirmed on
radiographs by a significantly decreased 1st and 2nd inter-
metatarsal angle; this measurement indicates a decreased
width or splaying of the forefoot in Group 1 that would
contribute to comfortable use of footwear, increased satis-
faction with the appearance, and improved weight distribu-
tion through the media 3 rays (Figures 4 and 5). The
decreased forefoot contact area and increased peak pres-
sures in Group 2 were likely caused by an excessive bone
resection resulting in a dysfunctional position of the toes
(cocked-up 1st toe deformity and clawing of lesser toes) and
exposure of prominent diaphyseal MT stumps.

Non-union. In keeping with current techniques of joint
arthrodesis'>®, no non-union was reported. This finding
supports the argument that a high non-union rate* is not a
deterrent to performing arthrodesis in the RA population.
Controversy does surround the issue of managing the 1st
MTP joint when the disease process is isolated to the lesser
rays, some suggest the joint be left alone®#’, while others
routinely excise the 1st MThead®%™, In this study, the revi-

sion rate for no initial disease/no surgery to the 1st MTP
joint was 14%. This number not only supports the findings
of previous studies?*26495253 hut also suggestsiit is reason-
able not to operate on the 1st ray (patients need to be advised
that further deformity may develop, necessitating surgery).

Type of incision. Some have advocated a plantar approach in
surgery because it alows for relocation of the fat pad;
however, it has been shown eventualy to relocate after a
forefoot reconstruction regardless of the incision!®1?24,
More recently, relocation of the plantar plate beneath the
MT shafts has been considered an important component of
soft tissue rebalancing®%”. The plantar plateis athick struc-
ture composed primarily of type 1 collagen that aids in the
absorption of weight-bearing pressures beneath the MT
heads. The plantar plates adhere strongly to the fat pad
through soft tissue septa, and likely relocate with the fat pad.
We found that the protective plantar soft tissue structures
were relocated more reliably beneath the MT shafts when
the deformities of all toes were adequately corrected — a
common observation with resected lesser MT heads and
threaded K-wire stabilization of the toes (Group
Varthrodesis), or where the disease of the 1st ray was not
significant enough to warrant surgery (Group 1).

Extent of resection at lesser MTP joints. This is controver-
sial. In the past, mgjor resections of MT heads and the base
of proximal phalanges were recommended on the premise
that the lesser toes had very little function after forefoot
arthroplasty®*13, The degree of resection was not deter-
mined according to the severity of deformity. However, the
current recommendation is to resect only the MT heads, but
the optimal amount of bone remains debatable. The use of
K-wires following resection has been reported to improve
the cosmetic appearance, to simplify postoperative manage-
ment, and to decrease recurrence of deformity®1°1725, |n this
study, conservative resection and threaded K-wires were
associated with improved contact area, increased weight
distribution through the lesser toes and improved LMIP
scores. Note that conservative resection is defined as the
minima amount of bone resection needed to correct the
deformity at the M TP joint.

Gait and pressure distribution. Gait patterns and the resul-
tant forefoot pressures are not normal in the symptomatic
RA population. Pressure studies in the non-operated foot
have revealed a wide variance in dynamic pressure under
the forefoot>+555859, Soames, et al® showed that heel strike
and toe-off are often reduced or absent, toes are dysfunc-
tional, patients tend to walk with a shuffling gait, the foot
serves more as a pedestal than alever, and arthroplasty may
not always result in a decreased forefoot pressure. Betts, et
al® showed that 70% of patients had abnormal pressures
under multiple sites after MT head resections, and 16 of 29
postoperative feet with abnormal pressures were asympto-
matic. Phillipson, et al®® showed an increase in pressure
following surgery, postulating that successis not attributable
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to a decrease but rather to a transfer of pressure to areas
better able to tolerate it. Most of these pedobarographic
studies were performed following amajor resection of lesser
MTP joints. We found that the overall pattern of pressure
distribution under the metatarsi is similar regardless of the
procedure type. The highest pressures are observed under
the 1st metatarsal and pressures decrease sequentially under
the more lateral metatarsi (Figures 4 and 5). More favorable
pressure distribution and clinical outcomes were found in
patients who had a functional weight-bearing position of the
first and lesser toes, namely, the arthrodesis and non-oper-
ated groups.

In summary, forefoot arthroplasty for symptomatic RAis
believed to be the most satisfactory method of treat-
ment®2027, Barton claimed that the precise method of arthro-
plasty did not affect the result*, and most clinical series
support this view by reporting good outcomes regardl ess of
the procedure type>1220.283847.485253  This notion is valid
insofar as pain relief is the primary goal of surgery and it
was attained in most instances. We found no significant
correlation between satisfaction with appearance and will-
ingness to undergo surgery again. To patients, pain relief
regardless of cosmesis was the primary indicator of a good
outcome.

In contrast to previous belief, we found that various
surgical methods do yield different results and different
functional outcomes. There are significant advantages to
preserving function of the 1st ray and lesser toes. We
conclude an arthrodesed or unoperated 1st MTP joint
combined with a sufficient MT head resection to correct the
deformity and K-wire stabilization of the lesser toes yields
the best results: a more cosmetically appealing forefoot,
improved distribution of forefoot pressures, and an
improved functional outcome.

ACKNOWLEDGMENT
The authors acknowledge Dr. David E. Hastings, who allowed his patients
to be included in this clinical study.

REFERENCES

1. Thomas WH. Rheumatoid arthritis of the ankle and foot.
Instructional Course Lectures. St. Louis: C.V. Mosby; 1979;
28:325-36.

2. Fleming A, Benn RT, Corbett M, Wood PH. Early rheumatoid
disease. I1. Patterns of joint involvement. Ann Rheum Dis
1976;35:361-4.

3. Fleming A, Crown JM, Corbett M. Early rheumatoid disease. I.
Onset. Ann Rheum Dis 1976;35:357-60.

4. Johnson K. Rheumatoid arthritis — Forefoot. In: Johnson KA,
editor. Surgery of the foot and ankle. New York: Raven
Press;1989:245.

5. Michelson J, Easley M, Wigley FM, Hellmann D. Foot and ankle
problems in rheumatoid arthritis. Foot Ankle Int 1994;15:608-13.

6. Vanio K. Therheumatoid foot. A clinical study with pathological
and rheumatological comments. Ann Chir Gynaecol Fenn 1956;45
Suppl 1:1-107.

7. Hamalainen M, Raunio P. Long-term followup of rheumatoid
forefoot surgery. Clin Orthop 1997;340:34-8.

8. Laine VA. Early synovectomy in rheumatoid arthritis. Annu Rev
Med 1967;18:173-84.

9. Clayton ML. Surgery of the forefoot in rheumatoid arthritis. 1960.
Clin Orthop 1998;349:6-8.

10. Fowler A. Method of forefoot reconstruction. J Bone Joint Surg Br
1959;41B:507-13.

11. Hoffman P. An operation for severe grades of contracted or clawed
toes. Am J Orthop Surg 1912;9:441-9.

12. KatesA, Kessel L, Kay A. Arthroplasty of the forefoot. J Bone
Joint Surg Br 1967;49:552-7.

13. Cracchiolo A 3rd, Swanson A, Swanson GD. The arthritic great toe
metatarsophalangeal joint: areview of flexible silicone implant
arthroplasty from two medical centers. Clin Orthop 1981;157:64-9.

14. Dereymaeker G, Mulier T, Stuer P, Peeraer L, Fabry G.
Pedodynographic measurements after forefoot reconstruction in
rheumatoid arthritis patients. Foot Ankle Int 1997;18:270-6.

15. Donegan K, Delee JC, Evans JA. Rheumatoid forefoot
reconstruction [abstract]. In: Proceedings, 21st Annual American
Foot and Ankle Society Meeting, 1991, Anaheim, CA.

16. DuVriesHL. Magjor surgical procedures for disorders of the
forefoot. In: Inman VT, editor. Surgery of the foot. 3rd ed. St.
Louis: C.V. Mosby; 1973:506-20.

17. Mann RA, Thompson FM. Arthrodesis of the first
metatarsophalangeal joint for hallux valgus in rheumatoid arthritis.
JBone Joint Surg Am 1984;66:687-92.

18. Stockley I, Betts RP, Getty CJ, Rowley DI, Duckworth T.A
prospective study of forefoot arthroplasty. Clin Orthop
1989;248:213-8.

19. Swanson AB, Lumsden RM, Swanson GD. Silicone implant
arthroplasty of the great toe. A review of single stem and flexible
hinge implants. Clin Orthop 1979;142:30-43.

20. Watson MS. A long-term follow-up of forefoot arthroplasty. J Bone
Joint Surg Br 1974;56:527-33.

21. Henry AP, Waugh W,Wood H. The use of footprintsin assessing
the results of operations for hallux valgus. A comparison of Keller's
operation and arthrodesis. J Bone Joint Surg Br 1975;57:478-81.

22. Mann RA, Oates JC. Arthrodesis of the first metatarsophalangeal
joint. Foot Ankle 1980;1:159-66.

23. Hasselo LG, Willkens RF, Toomey HE, Karges DE, Hansen ST.
Forefoot surgery in rheumatoid arthritis: subjective assessment of
outcome. Foot Ankle 1987;8:148-51.

24. Lipscomb PR, Benson GM, Sones DA. Resection of proximal
phalanges and metatarsal condyles for deformities of the forefoot
due to rheumatoid arthritis. Clin Orthop 1972;82:24-31.

25. Mann RA, Schakel ME 2nd. Surgical correction of rheumatoid
forefoot deformities. Foot Ankle Int 1995;16:1-6.

26. VahvanenV, Piirainen H, Kettunen P. Resection arthroplasty of the
metatarsophalangeal joints in rheumatoid arthritis. A follow-up
study of 100 patients. Scand J Rheumatol 1980;9:257-65.

27. Key JA. Surgicd revision of arthritic feet. Am J Surg 1950;
79:667-72.

28. Coughlin MJ. Rheumatoid forefoot reconstruction. A long-term
follow-up study. J Bone Joint Surg Am 2000;82:322-41.

29. Steinbroker O, Traeger CH, Batterman RC. Therapeutic criteriain
rheumatoid arthritis. JAMA1949;140:659-62.

30. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW.
Validation study of WOMAC: a health status instrument for
measuring clinically important patient relevant outcomes to
antirheumatic drug therapy in patients with osteoarthritis of the hip
or knee. J Rheumatol 1988;15:1833-40.

31. Budiman-Mak E, Conrad KJ, Roach KE. The Foot Function Index:
ameasure of foot pain and disability. J Clin Epidemiol
1991,44:561-70.

32. KitaokaHB, Alexander |1, Adelaar RS, Nunley JA, Myerson MS,
Sanders M. Clinical rating systems for the ankle — hindfoot,

4' Personal, non-commercial use only. The Journal of Rheumatology Copyright © 2003. All rights reserved.

'7

Mulcahy, et al: Rheumatoid forefoot deformity

1449

Downloaded on April 18, 2024 from www.jrheum.org


http://www.jrheum.org/

33.

35.
36.

37.
38.
39.

40.
41.

42.

45.

46.

4' Personal, non-commercial use only. The Journal of Rheumatology Copyright © 2003. All rights reserved.
1450

midfoot, hallux, and lesser toes. Foot Ankle Int 1994;15:349-53.
Coughlin MJ, Freund E. Roger A. Mann Award. The reliability of
angular measurements in hallux valgus deformities. Foot Ankle Int
2001;22:369-79.

Coughlin MJ, Saltzman CL, Nunley JA2nd. Angular measurements
in the evaluation of hallux valgus deformities: areport of the ad
hoc committee of the American Orthopaedic Foot & Ankle Society
on angular measurements. Foot Ankle Int 2002;23:68-74.

Hughes J, Clark P, Linge K, Klenerman L. A comparison of two
studies of the pressure distribution under the feet of normal subjects
using different equipment. Foot Ankle 1993;14:514-9.

Phillipson A, Dhar S, Linge K, McCabe C, Klenerman L. Forefoot
arthroplasty and changes in plantar foot pressures. Foot Ankle Int
1994;15:595-8.

Coughlin MJ. The rheumatoid foot. Pathophysiology and treatment
of arthritic manifestations. Postgrad Med 1984;75:207-16.

Marmor L. Resection of the forefoot in rheumatoid arthritis. Clin
Orthop 1975;108:223-7.

Brattstrom H, Brattstrom M. Resection of the metatarsophalangeal
jointsin rheumatoid arthritis. Acta Orthop Scand 1970;41:213-24.
Graham CE. Rheumatoid forefoot metatarsal head resection without
first metatarsophalangeal arthrodesis. Foot Ankle Int 1994;
15:689-90.

Beauchamp CG, Kirby T, Rudge SR, Worthington BS, Nelson J.
Fusion of the first metatarsophalangeal joint in forefoot
arthroplasty. Clin Orthop 1984;190:249-53.

Fitzgerald JA. A review of long-term results of arthrodesis of the
first metatarso-phalangeal joint. J Bone Joint Surg Br 1969;
51:488-93.

Patsalis T, Georgousis H, Gopfert S. Long-term results of forefoot
arthroplasty in patients with rheumatoid arthritis. Orthopedics
1996;19:439-47.

Jarde O, Ruzic JC, Roux O, Trinquier-Lautard JL, Vives P.
Importance of arthrodesis of the big toe combined with a metatarsal
alignment according to Lelievre in the surgery of the rheumatoid
forefoot. Rev Chir Orthop Reparatrice Appar Mot 1998;84:61-6.
Karbowski A, Schwitalle M, Eckhardt A. Arthroplasty of the
forefoot in rheumatoid arthritis: long-term results after Clayton
procedure. Acta Orthop Belg 1998;64:401-5.

Fuhrmann RA, Anders JO. The long-term results of resection
arthroplasties of the first metatarsophalangeal joint in rheumatoid
arthritis. Int Orthop 2001;25:312-6.

47.

49.

50.

51.

52.

53.

55.

56.

57.

59.

Amuso SJ, Wissinger HA, Margolis HM, Eisenbeis CH Jr, Stolzer
BL. Metatarsal head resection in the treatment of rheumatoid
arthritis. Clin Orthop 1971;74:94-100.

Barton NJ. Arthroplasty of the forefoot in rheumatoid arthritis.
JBone Joint Surg Br 1973;55:126-33.

Craxford AD, Stevens J, Park C. Management of the deformed
rheumatoid forefoot. A comparison of conservative and surgical
methods. Clin Orthop 1982;166:121-6.

van Loon PJ, Aries RP, Karthaus RP, Steenaert BJ. Metatarsal head
resection in the deformed, symptomatic rheumatic foot.

A comparison of two methods. Acta Orthop Belg 1992;58:11-5.
Vandeputte G, Steenwerckx A, Mulier T, Peeraer L, Dereymaeker
G. Forefoot reconstruction in rheumatoid arthritis patients:
Keller-Lelievre-Hoffmann versus arthrodesis MTP1-Hoffmann.
Foot Ankle Int 1999;20:438-43.

Goldiel, Bremell T, Althoff B, Irstam L. Metatarsal head resection
in the treatment of the rheumatoid forefoot. Scand J Rheumatol
1983;12:106-12.

McGarvey SR, Johnson KA. Keller arthroplasty in combination
with resection arthroplasty of the lesser metatarsophalangeal joints
in rheumatoid arthritis. Foot Ankle 1988;9:75-80.

Betts RP, Stockley |, Getty CJ, Rowley DI, Duckworth T, Franks
Cl. Foot pressure studies in the assessment of forefoot arthroplasty
in the rheumatoid foot. Foot Ankle 1988;8:315-26.

Minns RJ, Craxford AD. Pressure under the forefoot in rheumatoid
arthritis. A comparison of static and dynamic methods of
assessment. Clin Orthop 1984;187:235-42.

Alexander 1J. Rheumatoid forefoot reconstruction. In: Daniels TR,
editor. Proceedings, Fourth Biennial Foot and Ankle Symposium,
Toronto, Ontario, April 22, 2000.

Stainsby GD. Pathological anatomy and dynamic effect of the
displaced plantar plate and the importance of the integrity of the
plantar plate-deep transverse metatarsal ligament tie-bar. Ann R
Coll Surg Engl 1997;79:58-68.

Arcan M, Brull MA. A fundamental characteristic of the human
body and foot, the foot-ground pressure pattern. J Biomech
1976;9:453-7.

Collis WJ, Jayson MI. Measurement of pedal pressures. An
illustration of a method. Ann Rheum Dis 1972;31:215-7.

Soames RW, Stott JR, Goodbody A, Blake CD, Brewerton DA.
Measurement of pressure under the foot during function. Med Biol
Eng Comput 1982;20:489-95.

'7

The Journal of Rheumatology 2003; 30:7

Downloaded on April 18, 2024 from www.jrheum.org


http://www.jrheum.org/



