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Radiographic Changes in Forefoot Geometry with Weightbearing: Hallux
Valgus Angle, Intermetatarsal Angle, and Medial Sesamoid

Sung Man Rowe, MD., Keun Bae Lee, MD., Jin Choi, MD., Seung Young Cheon, MD., Chang Ich Hur, MD.

Department of Orthopedic Surgery, Chonnam National University Medical School, Gwangju, Korea

=Abstract=

Purpose: To determine the radiographic changes in forefoot geometry with weight-bearing.

Materials and Methods: The forefoot radiographs of 100 normal Korean adults, 50 male and 50 female volunteers,
were evaluated both in nonweight-bearing and weight-bearing. The mean age was 27 years with range of 21-39
years. Those with normal feet were selected from volunteers having no history of foot problems or other

musculoskeletal diseases.

Results: The changes of measured angle between phalanges and metatarsals with weight-bearing were as follows;
Hallux valgus angle was noted to increase in 20% of the feet, decrease in 59%, and remained unchange in 21%.
Intermetatarsal angle 1~2 was noted to increase in 76% of the feet, decrease in 3%, and remained unchange in
21%. Intermetatarsal angle 1~5 was noted to increase in 95% and remained unchange in 5%. Shift in medial
sesamoid on weight-bearing was also not consistent. Lateral shift was noted in 27%, no shift in 66%, medial shift

in 7%.

Conclusion: The generalized concept that the angles between bones and shift of medial sesamoid in the forefoot will
change consistently with weightbearing was not found.
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M =

* Address for correspondence

Keun Bae Lee, M.D.

Department of Orthopedic Surgery, Chonnam National University
Hospital

8, Hak-dong, Dong-gu, Gwangju, 501-757, Korea

Tel: +82-062-220-6336 Fax: +82-62-225-7794

E-mail: kbleeos@chonnam.ac.kr

-13 -

AxRo) 24 72t 5o $223 e X2
ool glon, Aol A At QHAS Holsli
71ke B, BN A2 Bt oA A A
= Eo] glojA] FR3 oS Yuala s RN 2
o] o3t P T wjelae] WA s} waskei
ol 23 Alste] WslE ool o] 7|k 758
T B o571 Hr), S8 2ajo] oA Ziie] 27
W Al 2 23 Aste] W aolwh WHR WAV



e aho] 22 005 3l

Aol W AHA AEFe| 4% A ASHY 284 A A By 242 50784 F 100789 AUAE B
o] S7FEAL QloLf, FHReL FHF AZFo| vl O U3 HEE| I WAM 24 AR AT F
AAstaL RIHSHA Busole Ade ] A5 of 3het 24 (A wlFEshdeellA F H Fgstal, ofF ]
g o YA ASE O A Bk seHer i AR 8 O (ST 1). Bt AFE 27AI(21 39*1])

A %PE}Z'““) EUERe dAb 26,84, oAk 27 6MIATE AETF DH
E7Y A% I A AR AERe] HE g A 2 S ﬁ;‘— RS Aol WA 5 Aot
ZWPO}J— A& FHE A5, A= e 9rish A2z 100 em2 3L A 157 A= SRS i

PleliAl 2ol AlFE Falt ol A FYshe Aol ouf, AT Fab FollA= vidE We 53 AGieh
wrt o oA 715E S el 4 ki s, lé Aol Thee AR 74 ZA 0] A% F2L A,
a2 A)F Fot Ao vjste] A|F s} Fof el of Sl ol 9 AnE dotd A AR Fiel 99 £
w3k 22 Ha7h BskeAof telAe 23 Bavt i oio—g 28k A Akt =5 e ASS 9
A grorf? E3] el fato 3 A obd B 3l WQM Ao 3ol 7 Wz 2Asal o]
HA] o2 Aol ARES Al oA A st Lol A ok= ol At tidolAl AlQskick
oo fﬂrﬂ} AERo FA) 9wkt 9l 557t 2 a9jal el Z%(lntermetatarsal angle, IMA) $555
A S FARE) fiA10l QlotA ojmdt Wbt Slerke & A FOE 25wdke Aol olF = Z4o2N Al T
41‘61 ol Auprt Ay g AAE st A= =3} A2 Zﬁﬁol o= ZHIMA 1-2), Al2% Al S5
St Hlofl =0l Had o}‘}iE}. (IMA 2-3), A3 2t Al4 SZE(MA 3-4), A42k A5 =
Z(IMA 4-5), Z12|aL A # 0 = AL} ZﬂS 5T o] F

0 PY-TRTE = 2HvA 158 e (g, 2),

Figure 1. An example of radiographic changes in forefoot geometry with weight-bearing in 24-year-old female volunteer: Nonweight-bearing
radiograph (A) shows 14° HVA, 19° IMA 1-5, 4° IMA 1-2 | 35° IMA 2-3 , 1.5° IMA 3-4 , and 10° IMA 4-5 . Sesamoid is in position of
(3. Weight-bearing radiograph (B) shows decreases of HVA(from 14° to 13°) and IMA 4-5 (from 10° to 9°), and increases of IMA 1-5(from
19° to 23°), IMA 1-2 (from 4° to 7°), IMA 2-3(from 3.5° to 4°), IMA 3-4(from 1.5° to 3°). Sesamoid position changes from @ to @(lateral
shift).
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Figure 2. The angle measurements (from Bluth et a?); a, hallux
valgus angle (HVA); b, intermetatarsal angle between the 1st and
2nd metatarsals (IMA 1-2); ¢, intermetatarsal angle between 2nd
and 3rd metatarsals (IMA 2-3); d, intermetatarsal angle between
3rd and 4th metatarsals (IMA 3-4); e, intermetatarsal angle
between 4th and 5th metatarsals (IMA 4-5); f, intermetatarsal angle
between 1st and 5th metatarsals (IMA 1-5).

medial lataral

Figure 3. Position of medial sesamoid was divided into 7 groups
(from Bluth et a) and observed on nonweight-bearing and
weight-bearing radiographs; In position (D, the medial sesamoid is
entirely on the medial side of the axis and not in contact with
longitudinal axis, and in position @, the medial sesamoid is on the
center of axis. In position @, the medial sesamoid is entirly on the
lateral side of the axis.
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Table 1.

Mean and range of intermetatarsal angle (IMA) and hallux valgus angle (HVA) in nonweight-bearing and weight-bearing

Nonweight—bearing

Weight—bearing

Male Female Total Male Female Total Amount of
change
Mean(range) Mean(range) Mean(range) Mean(range) Mean(range) Mean(range)
HVA 13 6 (3.5-23.9) 5.7 (2.4-22.2) 14,7 (2.4-23.9) 12 8 (4,2-276) 142 (2.8-23.0) 13,5 (2.8-27.6) -1.2
IMA 1-2 6 (4,5-13.7) 8.5 (4.9-13.9) 8,1 (4.5-13.9) 2 (3.7-14.0) 9 (5.4-15.1) 6 (3.7-15.1) +1.5
IMA 2-3 5(0.1-3.4) 1.7 (0.1-4.7) 6 (0.1-4.7) 2 (0.2-4.9) 3 (0.2-5.0) 3 (0.2-5.0) +0.7
IMA 34 4 (0.3-8.0) 4.0 (3.0-10.7) 2 (0.3-10.7) 9 (0.3-8.9) 1 (1.5-9.5) 5 (0.3-9.5) +1.3
IMA 4-5 0 (4.0-12.8) 8.4 (4.1-14.2) 7 (4.0-14.2) 6 (4.0-12.0) 0 (4.2-14.1) 3 (4.0-14.1) -0.4
IMA 1-5 22_6 (10.8-30.7) 22,2 (15.0-32.8) 22,4 (10,8-32.8) 25_6 (14,3-29.9) 25 6 (17.0-33.1) 25.6 (13.3-33.1) +3.2
+, increase, —; decrease
Table 2. The Changing pattems of intermetatarsal angle (IMA) and hallux valgus angle (HVA) with weight-bearing
Male Female Total
Increase Same Decrease Increase Same Decrease Increase Same Decrease
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
HVA 12 (24) 13 (26) 25 (50) 8 (16) 8 (16) 34 (68) 20 (20) 21 (21) 59 (59)
IMA 1-2 38 (72) 10 (20) 2 (4) 38 (76) 11 (22) 1(2) 76 (76) 21 (21) 3 (3)
IMA 2-3 24 (48) 2 (44) 4 (8) 26 (52) 21 (42) 3 (6) 50 (50) 43 (43) 7 (7)
IMA 3-4 34 (68) 12 (24) 4 (8) 35 (70) 13 (26) 2 (4) 69 (69) 25 (25) 6 (6)
IMA 4-5 11 (22) 19 (38) 20 (40) 9 (18) 22 (44) 19 (38) 20 (20) 41 (41) 39 (39)
IMA 1-5 47 (94) 3 (6) 0 (0) 48 (96) 2 (4) 0 (0) 95 (95) 5 (5) 0 (0)
Table 3. The Changing patterns of medial sesamoid with weight-bearing
Male Female Total
Shift Medial No change Lateral Medial No change Lateral Medial No change Lateral
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Medial 3 (6) 2 (64) 5 (30) 4 (8) 33 (67) 2 (25) 77 65 (66) 27 (27)
sesamoid
-5 FZI7E ZF S7tel gk 710l s FojH=E HH o= 7 20%(20%), FH3E 415(41%), A 39%
A1-2 5 22 571 1.5%(p0.001), Al3—4 F5= (39m) o= F7tHETH= FHstel Ao A7t o Woktt
b 2 Z7F 1.3%(p<0.001), A|2-3 FE2Z7F 242 &7} (Table 2), ZF &It 72 11 Wgke] £ SRR 320 9)
0.7%(p<0,001) <=0]1 o™ 1114 5 T5a 72 23d oAl Fr7tol Rt Aol 7tk glsiTh
0.4%2] 7H(p=0,002)E K $THTable 1). LA oiztal 237 74o] AT A ofRy]
7357 70 ST BRG HA A2 FEIL A 9jolo] B4 GRS UE ofsleat 5% oWEOR Lk
oM 7t 165(76%), FHI}F 215(21%), F4 35(3%) o] A1-2 527 A4 A1-5 F5E 22 WS At
o7 A= FTkshe AeUE weken, Al2-3 5= A-2 S5 22 FA ub 145 ofsltollA] 7,55k,
ZoMe 571 505(50%), FHSE 435(43%), 7% 152 olaktolA 8.6=gon Ai-5 F2Z7F 2+ 747
(1) 2.2 F7Fet Fsl7) vls=gh Hgoglom, H|3-4 & 21,4%9} 23 2% & Zpo|7} Qo AT S re 1O
27t ZHo A= F7F 69%5(69%), FHISE 25%(25%), THa A= GEdtH(p=0.125).
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Table 4. Locational incidences of medial sesamoids in nonweight-bearing and weight-bearing
Nonweight—bearing Weight—bearing

Mediz}l sesamoid Male Female Total Male Female Total
location

No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
@ 4 (8) 0 (0) 4 (4) 2 4 0 (0) 2 (2
©) 9 (18) 7 (14) 16 (16) 7 (14) 7 (14) 14 (14)
® 22 (44) 15 (31) 37 (37) 23 (46) 10 (21) 33 (33)
@ 11 (22) 20 (41) 31 (31) 11 (22) 23 (47) 34 (34)
® 4 (8) 7 (14) 11 (11) 7 (14) 8 (16) 15 (15)
® 0 (0) 0 (0) 0 (0) 0 (0) 1(2) 1 Q)
@ 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

; —_—

Location points 3.0 3.6 3.3 3.3 3.6 3.4

(mean)

*Location points; location number x foot number
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