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Reliable Radiologic Parameters to Predict Surgical Management
for Clubfoot Treated with the Ponseti Method

Kwang Soon Song, M.D., Ph.D., Chang Jin Yon, M.D.”", Si Wook Lee, M.D., Ph.D.,
Yong Ho Lee, M.D., Sang Hyun Um, M.D., and Hyuk Jun Kwon, M.D.

Department of Orthopedic Surgery, Keimyung University School of Medicine, Daegu, Korea

Purpose: Several radiologic reference lines have been used to evaluate individuals with a clubfoot but there is no consensus as to which
is most reliable. The aim of this study was to identify which radiologic parameters have relevance to the predictability of additional surgery
after Ponseti casting on clubfoot and the effect of clubfoot treatments that contain Ponseti casting and additional surgery.

Materials and Methods: A total of 102 clubfeet (65 patients, 37 bilateral) were reviewed from 2005 to 2013. The patients were divided
into two groups (Group A, those for whom the result of the Ponseti method was successful and did not require additional surgery; and
Group B, those for whom the result of the Ponseti method was unsuccessful and required additional surgery), and the following parameters
were measured on the plain radiographs: i) talo-calcaneal angle on the anteroposterior and lateral view, ii) talo-1st metatarsal angle on the
anteroposterior view, and iii) Tibio-calcaneal angle on the lateral view with the ankle full-dorsiflexion state. Each radiograph was reviewed
on two separate occasions by one orthopedic doctor to characterize the intra-observer reliability, and the averages were analyzed. Next,
20 cases were chosen using a random number table, and two orthopedic doctors measured the angle separately to characterize the inter-
observer reliability.

Results: Groups A and B included 73 clubfeet (71.6%) and 29 clubfeet (28.4%), respectively. The initial talo-calcaneal angle and tibio-
calcaneal angle in the lateral view were significantly different among the groups. In addition, inter- and intra-observer biases were not
detected. The talo-1st metatarsal angle on the anteroposterior view and tibio-calcaneal angle on the lateral view were significantly
different after treatment in both groups.

Conclusion: Congenital clubfeet treated with the Ponseti method showed successful results in more than 70% of patients. The initial talo-
calcaneal angle and tibio-calcaneal angle on the lateral view were the radiologic parameters that could predict the need for additional
surgical treatments. The talo-1st metatarsal angle on the anteroposterior view and tibio-calcaneal angle on the lateral view could
effectively evaluate the changes in clubfoot after treatment.
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Figure 1. (A) Talo-calcaneal angle on the anteroposterior view. (B) Talo-1st metatarsal angle on the anteroposterior view. (C) Talo-calcaneal angle on
the lateral view. (D) Tibio-calcaneal angle on the lateral view.
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Table 1. Surgical Treatments after the Ponseti Method

1st surgery 2nd surgery

Surgical treatment (no. of feet) (no. of feed)

For recurred foot deformity

Tibio-calcaneal lengthening 9 -

Tibio-navicular release-+cuboid wedge 2 -
osteotomy

Posterior tibialis release-+tibionavicular 14 5
release=cuboid wedge osteotomy

For residual foot deformity

Metatarsal corrective osteotomy 1 3

Tibia derotational osteotomy 3 6

Etc.” 4

Table 2. Inter-Observer Reliability of the Radiologic Parameter Evalu-
ation in Randomized 20 Cases

re?:rcgr?lc(:eglli?]e Measurer  Mean+SD mSelggllﬁe p-value
Initial talo-calcaneal 1 20.58+18.06 0.978 0.000
angle (AP) (°) 2 21.28+20.42
Initial talo-1st metatarsal 1 33.56+29.14 0.968 0.000
angle (AP) (°) 2 35.48+27.45
Initial talo-calcaneal 1 24.69+11.40 0.962 0.000
angle (Lat) (°) 2 26.44+11.50
Initial tibio-calcaneal 1 86.63+32.10 0.995 0.000
angle (Lab) (°) 2 85.63+32.43
Initial talo-calcaneal 1 45.27+26.52 0.984 0.000
angle (AP+Lat) (°) 2 47.71+£28.18
Last f/u talo-calcaneal 1 30.45+8.61  0.911  0.000
angle (AP) (°) 2 30.83+8.58
Last f/u talo-1st meta- 1 6.53+5.83  0.876  0.000
tarsal angle (AP) (°) 2 6.85+6.62
Last f/u talo-calcaneal 1 24311152 0.973 0.000
angle (Lat) (°) 2 24.63+11.78
Last f/u tibio-calcaneal 1 71.58+14.27 0.991 0.000
angle (Lab) (°) 2 71.5+14.33
Last f/u talo-calcaneal 1 54.76+16.08 0.971  0.000
angle (AP+Lat) () 2 55.45+17.58

*Supramalleolar derotational osteotomy 1 case, subtalar posterior
capsular release 2 cases, tibialis anterior tendon partial transposition 1
case.

SD, standard deviation; AP, on anteroposterior view; Lat, on lateral view
with ankle full-dorsiflexion; Talo-calcaneal angle (AP+Lat), sum of talo-
calcaneal angle AP and talo-calcaneal angle Lat; /u, follow-up.
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Table 3. Intra-Observer Reliability of a Radiologic Parameter Evaluation
Group A (n=73) Group B (n=29)

Radiologic Measure

reference line

time

Mean+SD

Single
measure

Mean+SD

Single

measure

Initial talo-calcaneal 1st 23.45+14.99 0.998 0.000 26.50+15.33 0.996 0.000
angle (AP) (°) 2nd 23.67+14.85 27.27+15.85

Initial talo-1st metatarsal 1st 33.77+15.44 0.995 0.000 24.63+14.96 0.997 0.000
angle (AP) (°) 2nd 34.20+15.08 24.94+15.58

Initial talo-calcaneal 1st 32.39+23.85 0.993 0.000 28.64+27.22 1.000 0.000
angle (Lat) (°) 2nd 33.16+23.70 29.67+27.53

Initial tibio-calcaneal 1st 78.87+28.78 0.999 0.000 93.73+24.04 0.998 0.000
angle (Lat) (°) 2nd 79.19+28.70 95.92+24.26

Initial talo-calcaneal 1st 57.23+24.01 0.998 0.000 51.13+21.08 0.996 0.000
angle (AP+Lat) (°) 2nd 57.87+23.49 52.20+21.71

Pre-op talo-calcaneal 1st - - - 27.51+16.30 0.998 0.000
angle (AP) (%) 2nd 28.54+16.87

Pre-op talo-1st meta- 1st - - - 24.11+£12.99 0.994 0.000
tarsal angle (AP) (°) 2nd 25.20+13.82

Pre-op talo-calcaneal 1st - - - 17.02+20.80 0.999 0.000
angle (Lat) (°) 2nd 17.76+20.94

Pre-op tibio-calcaneal 1st - - - 81.37+20.83 0.999 0.000
angle (Lat) (°) 2nd 82.89+21.40

Pre-op talo-calcaneal 1st - - - 51.63+25.94 0.997 0.000
angle (AP+Lat) () 2nd 53.74+27.53

Last f/u talo-calcaneal 1st 30.20+9.73 0.995 0.000 29.09+12.16 0.997 0.000
angle (AP) (°) 2nd 31.54+9.69 30.58+12.60

Last f/u talo-1st meta- 1st 36.13+13.62 0.995 0.000 27.15+12.32 0.998 0.000
tarsal angle (AP) (°) 2nd 36.40+13.64 27.98+12.65

Last f/u talo-calcaneal 1st 11.11+8.71 0.996 0.000 12.61+14.54 0.999 0.000
angle (Lat) (°) 2nd 12.20+9.01 13.57+15.23

Last f/u tibio-calcaneal 1st 62.83+18.42 0.998 0.000 75.44+18.51 0.997 0.000
angle (Lat) (°) 2nd 63.74+18.44 75.19+17.85

Last f/u talo-calcaneal 1st 66.34+17.84 0.995 0.000 55.96+19.28 0.996 0.000
angle (AP+La) (°) 2nd 67.94+18.03 58.56+19.47

Group A, those for whom the result of the Ponseti method was successful and did not require additional surgery; Group B, those for whom the result
of the Ponseti method was unsuccessful and required additional surgery; SD, standard deviation; AP, on anteroposterior view; Lat, on lateral view with
ankle full-dorsiflexion; Talo-calcaneal angle (AP+Lat), sum of talo-calcaneal angle AP and TALO-calcaneal angle Lat; Pre-op, preoperative; f/u, follow-
up.
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(Table 4).
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Table 4. Initial Radiologic Findings of Groups A and B

Group A Group B

(n=73) (n=29)
23.56+14.90 26.88+15.56
33.99+15.24 24.78+15.25
57.55+23.73 51.67+21.36
32.78+21.36 29.16+27.83 0.507
79.03+£28.72 94.83+24.13 0.010

Values are presented as mean=standard deviation. Group A, those for
whom the result of the Ponseti method was successful and did not
require additional surgery; Group B, those for whom the result of the
Ponseti method was unsuccessful and required additional surgery; AP,
on anteroposterior view; Lat, on lateral view with ankle full-dorsiflexion;
Talo-calcaneal angle AP-+Lat, sum of talo-calcaneal angle AP and talo-
calcaneal angle Lat.

Initial radiologic

p-value

parameter
Talo-calcaneal angle AP (°) 0.318
0.007

0.249

Talo-calcaneal angle Lat (°)
Talo-calcaneal angle AP-+Lat (°)
Talo-1st metatarsal angle AP (°)
Tibio-calcaneal angle Lat (°)
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Table 5. Statistical Value of the Change in Radiologic Findings after the Treatment of Clubfoot

Radiologic parameter Treatment Mean change

Talo-calcaneal angle AP (°) A Ponseti cast 23.56 — 30.87 0.000
B Ponseti cast 26.88 — 28.03 0.770

Ponseti cast with additional surgery 26.88 — 29.83 0.345

Talo-calcaneal angle Lat (°) A Ponseti cast 33.99 — 36.27 0.199
B Ponseti cast 24.78 — 24.66 0.973

Ponseti cast with additional surgery 24.78 — 27.58 0.390

Talo-calcaneal angle AP+Lat (°) A Ponseti cast 57.55 — 67.14 0.000
B Ponseti cast 51.67 — 52.69 0.865

Ponseti cast with additional surgery 51.67 — 57.26 0.203

Talo-1st metatarsal angle AP (°) A Ponseti cast 32.78 — 11.66 0.000
B Ponseti cast 29.16 — 17.39 0.014

Ponseti cast with additional surgery 29.16 — 13.09 0.002

Tibio-calcaneal angle Lat (°) A Ponseti cast 79.03 — 63.28 0.000
B Ponseti cast 94.83 — 82.12 0.012

Ponseti cast with additional surgery 94.83 — 75.31 0.000

Group A, those for whom the result of the Ponseti method was successful and did not require additional surgery; Group B, those for whom the result
of the Ponseti method was unsuccessful and required additional surgery; AP, on anteroposterior view; Lat, on lateral view with ankle full-dorsiflexion;
Talo-calcaneal angle AP-+Lat, sum of talo-calcaneal angle AP and talo-calcaneal angle Lat.
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