(167)

A CRERELC R 2 K E8) ) TR ICB 1T %
% 1 s NER O IE

ZRE ERRFERNRZERE
oY o—, B O

POSTOPERATIVE CORRECTION OF FIRST METATARSAL PRONATION
DEFORMITY FOR HALLUX VALGUS
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Abstract : The foot with hallux valgus has pronation deformity in the first ray. To
clarify the necessity of a supination osteotomy for pronation correction, we investigated
76 feet in 48 patients with moderate to severe hallux valgus treated with newly devised
horizontal osteotomies, which have no potential for pronation correction. Preoperative
and postoperative pronation deformities in the first ray were analyzed using
radiographies. A mapping study showed that the first metatarsal head was moved in a
lateral direction by an average of 16% after the horizontal osteotomy and reducted onto
the sesamoids. The most frequent sesamoid position, as classified according to the
grading system of Hardy and Clapham, was VII before surgery and IV after surgery.
Correction of the sesamoid position indicates supination of the proximal phalanx.
Concerning the type of hallux pronation using the classification of Okuda et al., angular,
intermediate and round shapes of the metatarsal head accounted for 0%, 21%, and 79%
before surgery and 59%, 20% and 21% after the surgery. The frequency of the angular
shape increased significantly, indicating supination of the first metatarsal head. Even
without performing pronation correction at the osteotomy site, consequently correction of
the pronation deformity of the first metatarsal was observed as well as of the proximal
phalanx. Reposition of the sesamoids caused reduction of the first metatarsal head. Our
results showed that supination osteotomy is not necessary for correction of pronation
deformities in hallux valgus surgery.
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Osteotomy line

Fig. 1. Horizontal Osteotomy
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Horizontal Osteotomy

An incision is made at the medial side of the hallux. The joint capsule is incised in a valve shape. A
bone protrusion on the medial side of the first metatarsal is removed. The osteotomy line starts from
the dorsal aspect of the first metatarsal head, runs parallel to the sole and proximally, turns vertically
downward. An incision is made between the first and the second metatarsals. The adductor hallucis
muscle attached to the sesamoids is cut. The sesamoids are relocated under the distal bone fragment,
which is moved in a lateral direction and fixed with two or three headless screws. The joint capsule is
sutured. The abductor hallucis muscle is pulled up from the plantar side and sutured into the joint

capsule.
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Fig. 2. Mapping System (Dorsoplantar View)

A two-dimensional diagram was drawn with the point at which the second metatarsal axis intersected the
transverse tarsal line as the origin, the length of the second metatarsal set at 100 %. Each point was converted
into a percentage and the coordinates were averaged.

D1-5: Distal end of the distal phalanx of the first to fifth digits; DM: Medial end of the base of the distal pha-
lanx of the first digit; DB: End of the base of the distal phalanx axis of the first digit; DL: Lateral end of the
base of the distal phalanx of the first digit; PH1-5: Distal end of the proximal phalanx axis of the first to fifth
digits; PHM: Medial end of the proximal phalanx head of the first digit; PHL: Lateral end of the proximal pha-
lanx head of the first digit; PB1-5: End of the base of the proximal phalanx axis of the first to fifth digit; PBM:
Medial end of the base of the proximal phalanx of the first digit; PBL: Lateral end of the base of the proximal
phalanx of the first digit; MH1-5: Distal end of the base of the first to fifth metatarsal axis; MHM: Medial end
of the first metatarsal head; MHL: Lateral end of the first metatarsal head; MS: Medial sesamoid; LS: Lateral
sesamoid; MB1-5: End of the base of the first to fifth metatarsal axis; MBM: Medial end of the base of the first
metatarsal; MBP: Proximal end of the fifth metatarsal; M5L: Lateral end of the base of the fifth metatarsal; NC:
Medial side of the center of the navicular first cuneiform joint; TN: Medial side of the center of the talonavicu-
lar joint; CC: Lateral side of the center of the calcaneocuboid joint.

MEDIAL LATERAL

O 7 Fig. 3. Location of the Medial Sesamoid ©
Displacement of the medial sesamoid of the first metatarso-phalan-
geal joint. Seven positions in relation to the axis of the first meta-
tarsal were classified by Hardy&Clapham.
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Type A (angular shape)

Fig. 4. Evaluation of Hallux Pronation )
Pronation was evaluated using the classification proposed by Okuda et al. according to the shape of the lat-
eral edge of the first metatarsal: Type A (angular), Type I (intermediate) and Type R (round).

Type I (intermediate shape)
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Fig. 5. Mapping System (Lateral View)

Diagram showing the points that were plotted on the two-dimensional coordinate system. Values of X that are distal
to the Y-axis are positive. Values of Y that are proximal to the X-axis are positive. L: Midpoint at the first cuneiform-
metatarsal joint; N: Midpoint at the naviculo-first cuneiform joint; C: Midpoint at the talo-navicular joint; R: Midpoint
at the tibia-talar joint; m: The lowest point of the base of the fifth metatarsus; b: The lowest point of the base of the
cuboid; f: The lowest point of the base of the anterior joint surface of the calcaneus; M1A: The apex of the first meta-
tarsal head; M1l: The lowest point of the first metatarsal head; M1S: The highest point of the posterior joint surface
of the first metatarsus; M1P: The lowest point of the posterior joint surface of the first metatarsus; UA: The highest
point of the anterior joint surface of the first cuneiform; UI: The lowest point of the anterior joint surface of the first
cuneiform; US: The highest point of the posterior joint surface of the first cuneiform; UP: The lowest point of the pos-
terior joint surface of the first cuneiform; NA: The highest point of the anterior joint surface of the navicular; NI: The
lowest point of the anterior joint surface of the navicular; NS: The highest point of the posterior joint surface of the
navicular; NP: The lowest point of the anterior joint surface of the navicular; TA: The highest point of the anterior
joint surface of the talus; TI: The lowest point of the anterior joint surface of the talus; TP: The most posterior point
of the talus body; AS: The apex of the anterior process of the calcaneus; S: The highest point of the calcaneus of the
posterior talocalcaneal joint surface; B: The highest point and most posterior point of the posterior calcaneus; P: The
most posterior point of the posterior calcaneus; SE: The lowest point of the medial sesamoid of the first metatarso-
phalangeal joint, which was directly in line with the X axis; O: The lowest point of the calcaneus, which is the point
of origin; M5A: The apex of the fifth metatarsal head; M5I: The lowest point of the fifth metatarsal head.

Pre-op. Post-op.

* HV angle : 41° £82° —12° £5.0

* M1/2 angle: 20° +42° —13° +2.1°

& Preop. (mean-standard div.)

B Post-op.

Fig. 6. Preoperative and Postoperative Po-
sition of the First Metatarsal and
Sesamoids. (Dorsoplantar View)
The point MHI1 representing the first
metatarsal head has moved to the lat-
eral side with Y values of 16 % (P <

/_\\ 0.01). A significant difference was ob-
/\-\' 100% served in the direction of the Y-axis,

MB2 MH2 however there is no significant differ-
) ence in the position of the sesamoids
*3 pe0.01 : Paired ttest and in the other coordinates. There is

significant improvement in both the
hallux valgus (HV) and intermetatarsal
(M1M?2) angles.
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Table 1. Measurement of the X and Y coordinates at Dorsoplantar View of the Mapping System

Dorsoplantar View

Pre—operation Post—operation

Mean and Mean and Mean and Mean and

Standard Dev. Standard Dev. Standard Dev. Standard Dev.
Site X Coordinate (%) Y Coordinate (%) X Coordinate (%) Y Coordinate (%)
D1 163 +3.84 -16+ 10.19 166 +6.88 -3139.80 =
D2 169+5.23 9+ 8.19 169 +4.66 5+8.20
D3 157+6.28 30+ 529 158 +5.59 28+6.10
D4 139+7.45 47+ 6.04 140£7.00 434559
D5 114+5.94 63+ 7.60 115545 60+ 6.86
DM 141455 -32+ 776 141 +6.91 —47+731 =«
DB 136 +3.59 -25+ 6.82 137+6.16 -38+6.40 *
DL 134+3.93 -15+5.29 138+6.12 = -25+6.61 *
PHM 138 +4.09 -32+ 7.28 137 +6.50 -45+6.83 *
PH1 132+4.20 —26+ 6.34 135+6.27 « —3736.41 *
PHL 133+4.26 -18+ 5.82 135+6.07 -28+6.76 *
PH2 140+3.54 5+ 537 140+2.71 34573
PH3 130£3.74 28+ 547 131 +£3.40 26 +4.97
PH4 118 +4.83 49+ 5.80 118+4.10 47+498
PH5 96 +5.80 69+ 7.51 96 +5.58 67 +6.61
PBM 99 +3.06 -50+ 4.75 9246.05 = -49+4.22
PB1 100+3.10 -39+ 3.70 98+5.74 -38+2.92
PBL 91259 -29+ 3.04 944409 * -253+273 =
PB2 103 +0.93 1+ 1.46 103 £0.62 0+1.56
PB3 97 +2.21 22+ 256 97+239 22+247
PB4 85+3.34 44+ 443 85+ 3.46 43+4.20
PB5 66 +4.77 67+ 5.38 66 +4.86 66 +=5.29
MHM 88+3.22 —-62+ 4.63 87+6.75 -50+5.25 «
MH1 96+2.74 -52+ 4.87 95+5.23 —-3844.89 =
MHL 90+3.97 -33+ 455 89+5.15 —241+404 «
MH2 100 #0.00 0+ 0.00 100+0.00 0=0.00
MH3 94+2.02 22+ 240 94+225 22+202
MH4 83+3.38 44+ 427 83+3.63 43 +3.87
MH5 63 +5.40 69+ 597 631527 68 +6.17
MB1 17£1.97 -26+ 2.18 17+229 -25+2.89
MB2 0+0.00 0+ 0.00 0+£0.00 0=+0.00
MB3 -2+2.34 14+ 1.84 -2+1.73 15+2.02
MB4 -10£2.71 27+ 3.35 -11+294 27+424
MB5 -23+3.52 40+ 445 -22+3.58 39+4.80
MBM 16 +2.06 -41+ 3.27 17254 -41+3.79
M5L -24+4.46 56+ 5.50 -23+4.99 55+5.12
MBP -31+4.69 47+ 5.25 -313+4.69 47 +£5.01
NC —26 +8.91 -34+ 16.14 ~24+4.07 —36 +4.09
TN -55+10.35 -36 + 4.53 -56 +5.89 -36+6.16
CC -53+5.22 33+ 20.11 -52+5.26 35+6.39
LS 73+2.68 -22+ 273 75+3.26 -21%3.07
MS 76 £3.05 -35+ 4.21 75+3.75 -34+443

The values of the coordinates are given as percentages of the length of the second metatarsal.
*: p value<0.01 (Paired t-test)
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Table 2. Sesamoid Position according to Hardy &Clapham

Classification I I m v v VI VI
Pre-op. 0 0 0 0 2 22 52
Post-op. 0 6 14 32 16 8 0

Unit: feet p<0.01: Wilcoxon signed-ranks test

Table 3. Improvement of Sesamoid Displacement according to Hardy &Clapham Classification

Improvement  No

orade change 1 grade 2grades 3 grades 4 grades Sgrades
2 6 30 26 8 4
Unit: feet

Table 4. Improvement of Pronation of the First Metatarsal according to Okuda Classification.

type A type I type R
Pre-op.  0(0%) 16(21%) 60(79%)
Post-op.  45(59%) 15(20%) 16(21%)
Unit: feet p<0.01: Spearman’s correlation coefficient by rank test
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(Fig. 7). BTFERIEMIBEL, SOICETENE1
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HENEEREZ B0 2 MITEEOEIIRBD 2o
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Table 5. Measurement of the X and Y coordinates at Lateral View of the Mapping System

Lateral View

Pre—operation Post-operation

Mean and Mean and Mean and Mean and

Standard Dev. Standard Dev. Standard Dev. Standard Dev.
Site X Coordinate (%) Y Coordinate (%) X Coordinate (%) Y Coordinate (%)
M1l 1053224 2+153 104+1.63 5+1.05 »
L 72+1.64 19+ 251 73+245 20231
N 55+1.62 244320 55+2.10 25+348
o] 44+1.41 28+3.78 44+1.80 29+439
TI 36+1.73 23+3.94 37+1.63 24+ 469
[0} 0+0.00 0+0.00 0+0.00 0+0.00
m 50+2.47 3+1.50 52 +3.31 3+1.68

39+192 7+237 40+2.15 7+229

f 35+2.03 11+2.83 36+2.03 12+3.00
M1A 112+153 7+1.55 112+1.53 10141 «
SE 100 +=0.00 0=+0.00 100+0.00 0£0.00
M5A 96 +2.53 4+139 98 +4.05 5+144
M5I 91+233 0+1.16 92 +4.32 0+1.60
M1S 77+£2.06 27247 77+275 28+2.26
UA 75+1.75 27+2.23 75+250 29+224
M1P 70+1.75 10+ 2.66 694218 101224
Ul 67+ 1.51 9+275 67221 10+2.26
us 56 +1.55 34+3.02 57+254 35+3.46
NA 54+1.68 34+284 55+2.61 35+3.64
UP 51+1.32 16+3.48 51+1.92 17+3.77
NI 46 +1.62 15+3.72 46 +2.02 17421
M5P 46 +2.07 6+1.73 47+3.83 6+1.71
NS 46 +1.67 37+3.90 46+217 38+4.63
TA 45+1.76 38+4.39 454213 39+527
NP 39+1.29 22+3.89 384235 23+432
AS 36+1.23 29+258 36+ 1.56 30+2.63
R 23+1.71 5043.93 23+2.56 51457
LP 24+1.77 28+2.95 24+ 191 28+3.18
D 23+1.67 251243 23+1.76 253246
TP 7+2.21 38+2.56 6+2.29 38277
S 104222 36+2.90 9+229 37+286
AS -3+257 30+1.30 -4+221 30+1.68
B -10+=1.73 30+1.40 -1131.90 31+1.64
P -15+1.39 12+2.51 -15+1.55 13+2.69

The values of the coordinates are given as percentages from the lowest point of the calcaneus
to the lowest point of medial sesamoid.
*: p Value<0.01 (Paired t-test)
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o Pre-op.

MI1S

u Post-op.

80% 100%

* ; p<0.01 : Paired t-test

Fig. 7. Changes in the First Metatarsal and Sesamoid Position after Surgery (Lateral View)
There is no significant change in the position of the base of the first metatarsal. The distal end and lower end of
the first metatarsal head have moved upward from the sesamoids by 2.9% (P < 0.01) and 2.2%, respectively (P <

0.01), implying significant differences in the Y-axis direction. There is no significant change in the other
coordinates.

Pre-op. Hardy VI, Type R (round shape) Post-op. HardyIll, Type A (angular shape)

Fig. 8. Typical Case: 64-Year-Old Female Patient (Dorsoplantar View)
A line shows the axis of the first metatarsal. Dislocation of the lateral sesamoid
(Hardy&Clapham Type VII) and pronation of the first metatarsal (Okuda Type R) are
observed preoperatively. The sesamoids was reduced (Hardy&Clapham Type III) and
the pronation was corrected (Okuda Type A) postoperatively.
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Fig. 9. Typical Case: 45-Year-Old Female Patient (Lateral View)
After surgery, the sesamoids and the metatarsal head have moved toward the plantar and dor-

sal sides, respectively.
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Correction by
Osteotomy

Pronation of the
metatarsal

Adductor
hallucis M.

2

Remove

Pulled up

Dislocation of

sesamoids Reduction of

sesamoids
Plantar

dislocation of
abductor
hallucis M.

Fig. 10. Reduction of the Dislocated Sesamoid Complex
Dislocation of the sesamoid complex and pronation of the first metatarsal are observed before surgery. The
lateral soft tissue was removed and the abductor hallucis muscle was pulled up intraoperatively. The
sesamoid complex is reducted under the first metatarsal, which courses the first metatarsal supinated.

Pre-op. Hardy VI, Type R Post-op. Hardy VI, Type R

Fig. 11. Incomplete Reduction of the Dislocated Sesamoids
Type R of the metatarsal head and Type VII of the sesamoid position were seen before surgery. However,
the type of the metatarsal head was not changed and only a single degree improvement to Type VI was ob-
served in the sesamoid position.
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