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Background, Methods, Results 
& Conclusion:

Background: 
Hindfoot alignment view radiographs (HAV) are widely utilized for 2-
dimensional (2D) radiographic assessment of hindfoot alignment, 
however, the development of weightbearing computed tomography 
(WBCT) may provide more accurate methods of quantifying 3-
dimensional (3D) hindfoot alignment. The aim of this study was to 
compare the 2D calcaneal moment arm measurements on HAV with 
WBCT. 

Methods 
This retrospective cohort study included 375 consecutive patients with 
both HAV radiographs and WBCT imaging. Measurement of the 2D 
hindfoot alignment moment arm was compared between both imaging 
modalities. The potential confounding influence of valgus/varus/neutral 
alignment, presence of hardware, and motion artifact were further 
analyzed. 

Results: 
The interrater correlation coefficients (ICC) of interobserver and 
intraobserver reliability for measurements with both imaging modalities 
was excellent. Both modalities were highly correlated (Spearman 
coefficient of .930, P < .001). HAV radiographs exhibited a mean 
calcaneal moment arm difference of 3.9 mm in the varus direction 
compared to WBCT (95% CI [-4.9-12.8]. The difference of hindfoot 
alignment between both modalities was comparable in subgroups with 
neutral/valgus/varus alignment, presence of hardware, and motion 
artifact. 

Conclusion: 
Both HAV and WBCT are highly reliable and highly correlated imaging 
methods for assessing hindfoot alignment. Measurements were not 
influenced by severe malalignment, the presence of hardware, or motion 
artifact on WBCT. On average, HAV radiographs overestimated 3.9 mm 
of varus alignment as compared to WBCT.
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1 Assessment of Hindfoot Alignment Comparing Weightbearing 

2 Radiography to Weightbearing Computed Tomography 

3

4 Abstract

5 Background: 

6 Hindfoot alignment view radiographs (HAV) are widely utilized for 2-dimensional 

7 (2D) radiographic assessment of hindfoot alignment, however, the development of 

8 weightbearing computed tomography (WBCT) may provide more accurate 

9 methods of quantifying 3-dimensional (3D) hindfoot alignment. The aim of this 

10 study was to compare the 2D calcaneal moment arm measurements on HAV with 

11 WBCT.

12

13 Methods 

14 This retrospective cohort study included 375 consecutive patients with both HAV 

15 radiographs and WBCT imaging. Measurement of the 2D hindfoot alignment moment arm 

16 was compared between both imaging modalities. The potential confounding influence of 

17 valgus/varus/neutral alignment, presence of hardware, and motion artifact were further 

18 analyzed. 

19

20 Results:

21 The interrater correlation coefficients (ICC) of interobserver and intraobserver reliability 

22 for measurements with both imaging modalities was excellent. Both modalities were 

23 highly correlated (Spearman coefficient of .930, P < .001). HAV radiographs exhibited a 
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24 mean calcaneal moment arm difference of 3.9 mm in the varus direction compared to 

25 WBCT (95% CI [-4.9-12.8]. The difference of hindfoot alignment between both modalities 

26 was comparable in subgroups with neutral/valgus/varus alignment, presence of 

27 hardware, and motion artifact.

28

29 Conclusion: 

30 Both HAV and WBCT are highly reliable and highly correlated imaging methods for 

31 assessing hindfoot alignment. Measurements were not influenced by severe 

32 malalignment, the presence of hardware, or motion artifact on WBCT. On average, HAV 

33 radiographs overestimated 3.9 mm of varus alignment as compared to WBCT.

34

35 Level of Evidence: Level III, retrospective comparative study

36 Keywords: Hindfoot alignment, inframalleolar alignment, weightbearing computed 

37 tomography

38

39 Introduction

40 Hindfoot alignment is correlated with many disorders commonly encountered by foot and 

41 ankle surgeons. The hindfoot alignment view radiograph (HAV), originally described by 

42 Saltzman and El-Khoury,41 has been commonly used as a standard method for 

43 quantitative radiographic assessment of inframalleolar hindfoot alignment.1,3,12,14,15,26,27,46 

44 Accurate assessment of hindfoot alignment is crucial for preoperative planning of surgical 

45 deformity correction, hindfoot arthrodesis, and ankle arthroplasty procedures. HAV 

46 radiographs, however, may be susceptible to sources of error due to radiographic 
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47 magnification, variability in patient positioning, anatomic variability, and overlap of bony 

48 prominences leading to a false representation of the true hindfoot moment arm.1,3,40,44

49

50 Recent developments in advanced imaging such as weightbearing 

51 computed tomography (WBCT) have helped to eliminate sources of error present 

52 in depicting 2-dimensional (2D) representations of 3-dimensional (3D) anatomic 

53 structures. Additionally, WBCT provides more clinically useful information concerning 

54 alignment as it is performed under natural standing conditions.2,17-20,22,23,28,33,34,47 Multiple 

55 parameters have been previously used to assess the hindfoot alignment on WBCT 

56 including the foot ankle offset,5,6,17,19,23,29,33-35,47 calcaneal offset,5,6,19,29,35 and hindfoot 

57 alignment angle.5,6,10,30 Although WBCT offers the theoretical benefits of increased 

58 accuracy present in cross-sectional imaging coupled with physiologic alignment 

59 under weightbearing conditions, this technology is currently less prevalent in 

60 orthopaedic clinics across the community where HAV radiographs are generally 

61 utilized.

62

63 The aim of this study was to compare the 2D calcaneal moment arm 

64 measurements on HAV with WBCT. We hypothesized these two imaging modalities 

65 to be reliable but to have substantial differences in representation of the calcaneal 

66 moment arm.

67

68

69 Methods
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70 Data Collection

71 This study was conducted in accordance with the Declaration of Helsinki and the 

72 Guidelines for Good Clinical Practice.38 The institutional review board of the University of 

73 Utah approved this retrospective study (IRB#71733). Informed consent was waived, as 

74 all data in the analyses came from chart review. Patient records and radiographs were 

75 retrospectively reviewed from January 2016 to December 2018. 375 consecutive patients 

76 met the inclusion criteria of having weightbearing HAV radiographs and WBCT scans 

77 performed within 3 months of each study. HAV radiographs were obtained as a part of 

78 the patients’ standard radiographic foot and ankle assessment performed routinely 

79 in our clinical practice. WBCT was indicated by the provider on a case-by-case 

80 basis to improve the accuracy of clinical diagnoses. Patients who had injury and/or 

81 surgery between imaging modalities were excluded from this study. Measurements were 

82 divided between 4 qualified practitioners including 1) a senior orthopaedic foot and ankle 

83 surgeon, 2) a foot and ankle surgery clinical fellow, 3) a foot and ankle research fellow, 

84 and 4) musculoskeletal radiologist. 25 patients were analyzed by all four observers to 

85 assess the interobserver reliability. Two of the observers (foot and ankle surgery clinical 

86 fellow and musculoskeletal radiologist) evaluated 25 patients twice at an interval of four 

87 weeks between measurements to determine the intraobserver reliability. 

88

89 Measurement Methods

90 A novel method for measuring the hindfoot alignment calcaneal moment arm with WBCT 

91 was performed as depicted in Figure 1 and described as follows:
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92 1) Coronal cut is selected based on the widest tibial diaphyseal distance at the most 

93 proximal edge of the image.

94 2) Proximal circle is placed contacting the most proximal portion of the tibial 

95 diaphysis, medial tibial diaphyseal cortical edge, and lateral tibial diaphyseal 

96 cortical edge.

97 3) Distal circle is placed contacting the distal tibial plafond, medial tibial metaphyseal 

98 cortical edge, and lateral tibial metaphyseal cortical edge. 

99 4) A line is used to measure distance from the distal tibial plafond to the center of 

100 radius of the proximal circle bisecting the center of radius of distal circle. This 

101 measure is recorded and rounded to the nearest whole number in millimeters 

102 distance “A”.

103 5) The distal aspect of this line is extended to the most inferior portion of the image 

104 representing the extension of the tibial axis.

105 6) Next the axial cut is visualized in the plane that depicts the most inferior aspect of 

106 the calcaneus, the center is marked, and transferred to the previously used coronal 

107 cut using the “localizer mode” function.

108 7) A line parallel to the ground is used to measure the distance from the tibial axis to 

109 the mark representing the most inferior portion of the calcaneus on the coronal 

110 view. Varus alignment is represented by a negative value while valgus alignment 

111 is represented by a positive value in millimeters distance “B”.

112
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113 Hindfoot alignment was then measured using weightbearing HAV radiographs as 

114 depicted in Figure 2 and described by Saltzman and El-Khoury41 with a 40% 

115 magnification correction factor to compare directly to WBCT:

116 1) “Distance A” measured on WBCT was increased by 40% (multiplied by 1.4) to 

117 become “Distance C”.

118 2) A circle is placed contacting the medial and lateral aspect of the tibial cortex with 

119 the center of radius “Distance C” from the tibial plafond.

120 3) A second circle is placed with three edges contacting the distal tibial plafond, 

121 medial distal tibial cortex, and lateral distal tibial cortex.

122 4) A line is drawn from the center of radius of the proximal circle, passes through the 

123 distal circle, and to the inferior aspect of the image representing the tibial axis.

124 5) A line parallel to the ground is used to measure the distance from the inferior 

125 aspect of the calcaneus to the tibial axis, “Distance D”. Varus alignment is 

126 represented by a negative value while valgus alignment is represented by a 

127 positive value in millimeters. This value is reduced by 40% (divided by 1.4) and 

128 compared to “Distance B” obtained on WBCT.

129

130 Varus vs. Valgus Alignment Classification

131 Neutral inframalleolar alignment was defined as the calcaneal moment arm falling within 

132 one standard deviation (“SD”) of the mean for measurements using HAV and WBCT. 

133 Moderate varus and valgus alignment was defined as the calcaneal moment arm greater 

134 than 1 but less than 1.96 SDs. Values greater than 1.96 SDs were defined as substantial 

135 varus or valgus alignment.45
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136

137 Statistical Analysis

138 The intraclass correlation coefficients (ICCs) and associated 95% confidence intervals 

139 (CI) of the ICCs quantified inter- and intraobserver reliability. ICC values were interpreted 

140 as follows: ICC = 1, perfect agreement; .81 to .99, excellent agreement; and .61 to .80 

141 substantial agreement.25 The Shapiro-Wilk test and Smirnov-Kolmogorov tests were 

142 performed to verify whether calcaneal moment arm measurements were normally 

143 distributed. A Wilcoxon signed-rank test was used for comparison of paired non-normally 

144 distributed data (calcaneal moment arm assessed by HAV vs. WBCT). A Mann-

145 Whitney Rank Sum test was used for comparison of non-paired non-normally 

146 distributed data (difference of calcaneal moment arm assessment using two 

147 different imaging modalities in groups with vs. without hardware in place and with 

148 vs. without motion artifact). Chi-square test was used for comparison of binomial 

149 data (presence of underlying deformity - yes vs. no, presence of hardware - yes vs. 

150 no, presence of motion artifact - yes vs. no). Kruskal-Wallis test was used for 

151 comparison of non-continuous variables between three groups (difference in calcaneal 

152 moment arm between neutral vs. moderate varus/valgus vs. varus/valgus 

153 alignment). The Spearman’s rank correlation coefficient was used to assess the linear 

154 dependence between data that were not normally distributed (calcaneal moment arm 

155 assessed by HAV vs. WBCT). Bland-Altman plots were generated to quantify agreement 

156 between the HAV and WBCT to measure the calcaneal moment arm.7,8 The Bland-Altman 

157 plots included the bias (mean of the differences in calcaneal moment arm measurement 

158 between both imaging modalities) as well as the upper and lower 95% limits of agreement 
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159 (estimated as the SD of the differences multiplied by 1.96). A univariate Cox’s regression 

160 test was performed to identify factors associated with substantial differences of calcaneal 

161 moment arm between both imaging modalities: underlying hindfoot deformity, retained 

162 hardware in the hindfoot, and motion artifacts. All data were analyzed using IBM SPSS 

163 Statistics version 26.0 (IBM, Armonk, NY).

164

165

166 Results

167 The ICCs representing interobserver and intraobserver reliability of hindfoot alignment 

168 measurements were excellent for both imaging modalities (Supplemental Table 1). 

169 Both imaging modalities were highly correlated (Spearman coefficient of .930, P < .001) 

170 (Table 1, Figure 3). HAV radiographs exhibited a mean calcaneal moment arm difference 

171 of 3.9 mm in the varus direction compared to WBCT (95% CI [-4.9-12.8]. The difference 

172 of hindfoot alignment between both modalities was comparable in subgroups with 

173 neutral/valgus/varus alignment, presence of hardware, and motion artifact.

174

175

176 The Bland-Altman plot indicated no agreement between hindfoot alignment 

177 measurements on the HAV to that from WBCT (Figure 4). Specifically, the calcaneal 

178 moment arm could be measured with an average difference of -3.9 mm. The Bland-

179 Altman plot (Figure 4) indicated that the hindfoot alignment would be measured to within 

180 approximately ± 8.8 mm in 95% of all observed cases. Twenty-two ankles were defined 

181 as outliers outside 1.96 SDs. 
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182

183 Radiographic agreement regarding varus/valgus alignment was observed in 322 

184 of 375 ankles (Table 2). The calcaneal moment difference between both imaging 

185 modalities was comparable in patients with vs. without substantial underlying deformity 

186 (Supplemental Table 2).

187

188 In 119 cases hardware from a previous surgery was present in the hindfoot, 

189 however, the difference between both imaging was comparable in both subgroups with 

190 vs. without hardware (Supplemental Table 3). Motion artifact was observed in 30 WBCT 

191 scans; however, the presence of a motion artifact did not negatively influence the 

192 measurement of the calcaneal moment arm (Supplemental Table 3).

193

194 Univariate analysis did not reveal any significant predictors for substantial 

195 differences in calcaneal moment arm between these two imaging modalities 

196 (Supplemental Table 4 and Table 3).

197

198

199 Discussion

200 We found that both HAV radiographs and WBCT could be used to make reliable 

201 measurements to quantify inframalleolar hindfoot alignment. With minimal training, 

202 observers from varying degrees of orthopaedic background were able to measure the 

203 calcaneal moment arm using both imaging modalities with both high intraobserver and 

204 interobserver reliability. This high degree of integrity of hindfoot alignment measurement 
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205 is consistent with that observed in previous studies.9-11,16,21,32,37 In addition to high 

206 reliability, the calcaneal moment arm measurements using these two imaging modalities 

207 were found to be highly correlated. WBCT offers a more detailed representation of patient 

208 anatomy and provides more precision in determining the true heel point of contact in quiet 

209 standing. This makes WBCT less susceptible to error seen in HAV radiographs that can 

210 occur as a result of bony overlap or patient positioning with respect to the orientation of 

211 the Xray capture system. Calcaneal moment arm measurements made from HAV 

212 radiographs were therefore treated as estimations of true standing calcaneal moment arm 

213 distance as measured with WBCT. Our findings suggest HAV radiographs overestimate 

214 a mean calcaneal moment arm difference of 3.9 mm of varus when compared to WBCT 

215 with 95% of cases falling within ± 8.8 mm range. Since WBCT technology is not currently 

216 available to many orthopaedic surgeons, those with access to only HAV radiographs 

217 should understand the implications that the calcaneal moment arm may be 

218 overestimated by an average of 3.9 mm of varus and should consider adjusting their 

219 operative plan accordingly.

220

221 The exact and reliable assessment of some hindfoot measurements can be 

222 challenging. A detailed study by Kvarda et al.32 demonstrated that numerous hindfoot 

223 parameters including tibial articular surface angle, tibiotalar surface angle, talar tilt, lateral 

224 and axial talocalcaneal angles have been demonstrated to have substantially lower intra- 

225 and interobserver reliability and found that those measurements could be significantly 

226 improved by using an auto-generated three-dimensional measurement method. The 

227 interobserver reliability of hindfoot alignment angle measurement was high for both 
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228 methods including manual two-dimensional and auto-generated three-dimensional 

229 methods with ICCs of .98 (95% CI .94 to .99) and .98 (95% CI .99 to 1.00), respectively.32 

230 Angular measurements between the longitudinal axis of the tibia and the subtalar 

231 joint axis have also been described40 as well as angular measurements between 

232 the longitudinal axis of the tibia and the medial/lateral contours of the calcaneus24 

233 in assessing hindfoot alignment. In our practice, however, we assess inframalleolar 

234 hindfoot alignment using the distance of the calcaneal moment arm from the 

235 mechanical axis of the tibia as described by Saltzman et al41 because of the 

236 imprecision encountered utilizing angular measurement methods. The complex 

237 anatomy of the hindfoot with the non-linear morphology of the relevant bones and 

238 often overlapping structures, in our experience, can prove difficult in identifying 

239 reproducible axes. The consistently high intra- and interobserver reliability of 

240 assessment of the calcaneal moment arm can be partially explained by the exact 

241 definition of anatomic landmarks and the simplicity of the measurement method.41

242

243 The previous study by Chan et al.13 analyzed the calcaneal moment arm in 30 

244 patients who underwent medial displacement calcaneal osteotomy due to progressive 

245 collapsing flatfoot deformity. They found a strong linear correlation between the amount 

246 of calcaneal shift and postoperative improvement of inframalleolar alignment. The final 

247 regression model indicated that each millimeter of medial shifting may result in a 1.52 mm 

248 medial displacement of the calcaneal moment arm on hindfoot alignment view.13 The 

249 difference between clinical and radiographic measurements of the calcaneal shift can be 

250 partially explained by magnification distortion, which is similar to the 40% magnification 
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251 confirmed in our pilot work assessing HAV radiographs (Supplemental file). Utilizing 

252 angular measurements to represent hindfoot alignment as opposed to calcaneal 

253 moment arm length can also be affected by magnification error. Angular 

254 measurements each reference points in different planes with different 

255 corresponding distances to the image receiver and are not immune to the errors of 

256 magnification we describe in HAV radiographs.

257

258 Potential risk factors for observed discrepancies in hindfoot alignment 

259 measurements between these two imaging modalities were investigated. These included 

260 alignment (valgus, varus, neutral), presence of hindfoot or ankle hardware, and the 

261 presence of motion artifact on WBCT. These suspected risk factors did not significantly 

262 affect differences in hindfoot alignment measurement by WBCT vs. HAV. The methods 

263 described for measuring the calcaneal moment arm in assessment of hindfoot alignment 

264 can be recommended in patients regardless of alignment, presence of hindfoot/ankle 

265 hardware, or motion artifact present in WBCT.

266

267 The observed differences between both imaging modalities may be partially 

268 explained by variability in the position of the lower extremities between studies. The 

269 assessment of hindfoot alignment using conventional weight-bearing radiographs is 

270 susceptible to foot/ankle positioning, especially in rotation.1,4,9,40 Variations in bony 

271 anatomy may also contribute to misidentification of the “true heel contact point” on HAV. 

272 The human calcaneus may also demonstrate substantial shape variations as shown in 

273 several studies and thus be misrepresented by a simplified 2D radiographic 
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274 representation.31,36,39,42 Several limitations of our study exist. First relates to the 

275 retrospective design with no prespecified exclusion factors, however, since this study 

276 included a large consecutive patient cohort with contemporaneously performed HAV and 

277 WBCT imaging the results of the study is generalizable to patient populations. Second, 

278 the position of the foot/ankle was not quantified in this study. The authors recommend a 

279 “position of comfort” for both the limb of evaluation as well as the contralateral limb while 

280 weightbearing for the studies to help minimize error. Variation in patient positioning on 

281 HAV acquisition may have occurred, however, in our clinics this is highly regulated 

282 with trained technicians that perform these images daily with specific markings on 

283 the stand to ensure consistency in positioning from patient to patient. Our pilot 

284 study demonstrating magnification distortion on HAV was performed with the 

285 same techniques and standards as those patients in the present study. 

286 Additionally, the relatively large number of studies evaluated likely reduces 

287 significance of error from malpositioned outliers. The use of all available studies, 

288 including potential positional outliers, makes these findings more clinically 

289 relevant as they more closely represent what can be expected in clinical practice 

290 outside of our own. Third, the true shape of the plantar aspect of the calcaneus was not 

291 analyzed in the present study. Further investigations analyzing shape modelling of the 

292 calcaneus31,43 may provide more insight into these anatomic variations and the effects 

293 they have on hindfoot alignment. Fourth, our study introduces a novel measurement 

294 method utilizing WBCT to assess hindfoot alignment which may add clarity or even 

295 confusion to existing measurement techniques. Prior studies have described 

296 hindfoot alignment measurements utilizing WBCT such as foot ankle offset (FAO), 
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297 calcaneus offset (CO), hindfoot alignment angle (HAA),6 talar shift, and 

298 talocalcaneal alignment.10 Although, the authors find these parameters useful and 

299 well defined, they are not directly comparable to the radiographic measurement of 

300 calcaneal moment arm in HAV.41 Our novel technique utilizes the lowest 

301 weightbearing portion of the calcaneus and tibial anatomic axis as references in 

302 both imaging modalities. Lastly, we did not record the time required for each 

303 measuring modality and technique. WBCT did require more steps and 

304 subsequently took longer to measure. The lowest point of the calcaneus is first 

305 identified on axial cross-section followed by measurements in the coronal plane. 

306 Although these extra steps took longer to measure on WBCT, subjectively, we 

307 noticed increased efficiency with more experience and suspect this added time 

308 would not be logistically disruptive in the clinical setting. 

309

310 Conclusion

311 Assessing hindfoot alignment is a critical component of evaluating many disorders 

312 treated by foot and ankle surgeons. In comparing these two imaging approaches, we have 

313 found them to be highly reliable and highly correlated in measuring the calcaneal moment 

314 arm. Measurements were not significantly affected by the presence of hardware in the 

315 ankle or hindfoot, motion artifact on WBCT, or inframalleolar valgus/varus alignment. HAV 

316 radiographs on average overestimated approximately 4 mm of varus alignment when 

317 compared to WBCT. HAV radiographs remain a good standard for the general 

318 assessment of inframalleolar alignment due to its ease of use, reliable results, and access 

319 throughout the community. Foot and ankle surgeons, however, should consider the 
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320 potential that varus alignment may be overestimated with this approach and correlate 

321 HAV findings with physical exam, clinical alignment, and the results from surgical 

322 treatment.

323

324

325 Figure Legends

326 Figure 1. Novel method of determining hindfoot alignment using weightbearing 

327 computed tomography. Details of measurement steps are delineated in the 

328 corresponding manuscript section.

329

330 Figure 2. Method of determining hindfoot alignment utilizing hindfoot alignment 

331 view radiographs described by Saltzman et al.41 Details of measurement and 

332 correction for magnification error are delineated in corresponding manuscript 

333 section. 

334

335 Figure 3. Correlation plot of calcaneal moment arm measurements (375 ankles) using 

336 hindfoot alignment view radiographs vs. weightbearing computed tomography (strong 

337 and significant correlation with Spearman coefficient of .930, P < .001). (HAV, hindfoot 

338 alignment view; WBCT, weightbearing computed tomography).

339

340 Figure 4. Bland-Altman plots showing level of agreement between calcaneal moment 

341 arm measurements acquired from hindfoot alignment view to those from weightbearing 

342 computed tomography (WBCT). The HAV overestimated the calcaneal moment arm 
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343 measured on WBCT by -3.9 mm (solid line). The limits of agreement indicated that HAV 

344 measurements would be measured to within ± 8.8 mm of that from the WBCT in 95% of 

345 the cases (two dashed lines). (HAV, hindfoot alignment view; WBCT, weightbearing 

346 computed tomography; SD, standard deviation).

347
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Figure 1. Novel method of determining hindfoot alignment using weightbearing computed tomography. 
Details of measurement steps are delineated in the corresponding manuscript section. 
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Figure 2. Method of determining hindfoot alignment utilizing hindfoot alignment view radiographs described 
by Saltzman et al.41 Details of measurement and correction for magnification error are delineated in 

corresponding manuscript section. 
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Figure 3. Correlation plot of calcaneal moment arm measurements (375 ankles) using hindfoot alignment 
view radiographs vs. weightbearing computed tomography (strong and significant correlation with Spearman 
coefficient of .930, P < .001). (HAV, hindfoot alignment view; WBCT, weightbearing computed tomography). 
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Figure 4. Bland-Altman plots showing level of agreement between calcaneal moment arm measurements 
acquired from hindfoot alignment view to those from weightbearing computed tomography (WBCT). The 
HAV overestimated the calcaneal moment arm measured on WBCT by -3.9 mm (solid line). The limits of 
agreement indicated that HAV measurements would be measured to within ± 8.8 mm of that from the 
WBCT in 95% of the cases (two dashed lines). (HAV, hindfoot alignment view; WBCT, weightbearing 

computed tomography; SD, standard deviation). 
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Table 1. Measurement of Calcaneal Moment Arm Using Hindfoot Alignment View 

Radiographs and Weightbearing Computed Tomography: Difference and Correlation 

Between Both Imaging Modalities.

HAV [mm] WBCT [mm] Diff* [mm] P valuea
Correlation 

Coefficient
P valueb

2.2±12.7

(-38.9-47.4)

6.1±13.6

(-42.4-43.0)

-3.9±4.5

(-22.4-7.2)
<.001† .930‡ <.001

aP value regarding the difference of calcaneal moment arm assessment using hindfoot alignment 

view vs. weight-bearing computed tomography

bP value regarding the correlation between both variables (calcaneal moment arm assessment 

using hindfoot alignment view vs. weight-bearing computed tomography)

ABS, absolute difference

Diff, difference

HAV, hindfoot alignment view

WBCT, weightbearing computed tomography

*difference between HAV values – WBCT value

†using Wilcoxon signed rank test

‡Spearman correlation coefficient
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Table 2. Radiographic agreement between measurements using weight-bearing 

computed tomography vs. hindfoot alignment view in 375 ankles. 

Weightbearing Computed Tomography

Varus

CMA<-20.6 mm

Moderate Varus

-20.6≤CMA<-7.5 

mm

Neutral

-7.5≤CMA≤19.7 

mm

Moderate 

Valgus

19.7<CMA≤32.8 

mm

Valgus 

CMA>32.8 mm
Total

Varus

CMA<-22.6 mm

11

(2.9%)

1

(0.3%)

0

(0.0%)

0

(0.0%)

0

(0.0%)

12

(3.2%)

Moderate Varus

-22.6≤CMA<-10.5 

mm

2

(0.5%)

39

(10.4%)

6

(1.6%)

0

(0.0%)

0

(0.0%)

47

(12.5%)

Neutral

-10.5≤CMA≤14.8 

mm

0

(0.0%)

11

(2.9%)

246

(65.6%)

14

(3.7%)

0

(0.0%)

271

(72.3%)

Moderate Valgus

14.8<CMA≤27.0 

mm

0

(0.0%)

0

(0.0%)

15

(4.0%)

20

(5.3%)

2

(0.5%)

37

(9.9%)

Valgus

CMA>27.0 mm

0

(0.0%)

0

(0.0%)

0

(0.0%)

2

(0.5%)

6

(1.6%)

8

(2.1%)

Hindfoot 

Alignment 

View

Total
13

(3.5%)

51

(13.6%)

267

(71.2%)

36

(9.6%)

8

(2.1%)

375

(100.0%)

CMA, calcaneal moment arm

Absolute agreement (no shading): n=322 (85.9%)

Moderate disagreement (light grey shading): n=53 (14.1%)

Substantial disagreement (dark grey shading): n=0 (0.0%)
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Table 3. Univariate analysis of potential risk factors giving the odds ratio (OR) with 95% 

confidence intervals (CI) for substantial difference of calcaneal moment arm between both 

imaging modalities (outside 1.96 timed SD).

Parameter

Ankles with Calcaneal 
Moment Arm 

Difference within 1.96 
timed SD†

Ankles with Calcaneal 
Moment Arm 

Difference outside 
1.96 timed SD†

OR (95%CI) P Value

Underlying hindfoot 
deformity* 19 1 1.959 (1.751-2.168) .644

Retained hardware in 
the hindfoot 113 6 1.962 (1.872-2.051) .866

Motion artifacts 27 3 1.855 (1.654-2.026) .316
* substantial varus/valgus deformity as measured using hindfoot alignment view, substantial varus 
deformity was defined as ≤ -22.6 mm (1.96 timed SD), substantial valgus deformity was defined as ≥ 33.2 
mm (1.96 timed SD)

†range between -12.8 mm and 4.9 mm
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Pilot Study: Evaluating Magnification Error Encountered in 

Assessment of Hindfoot Alignment View Radiographs

A pilot study was performed evaluating measurement distortion present in 

weightbearing hindfoot alignment view (HAV) radiographs compared to weight bearing 

CT (WBCT).  A healthy volunteer underwent standard weight bearing HAV radiographs 

as described by Saltzman et al1 and depicted in Figure 1. Individual HAV radiographs 

were performed with a standard 25mm radiographic reference sphere placed on the 

receiver, anterior tibia, medial malleolus, and Achilles tendon depicted in Figure 2 with 

measurements summarized in Table 1.  Similarly, the same 25mm radiographic 

reference sphere technique utilizing WBCT in the healthy volunteer was performed as 

depicted in Figure 3.  The sphere measured 25.0 mm and no distortion was present on 

WBCT.  A correction factor of 40% magnification was used to compare measurements 

obtained with HAV radiographs and WBCT given our pilot study findings. 
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Figure 1: Weightbearing hindfoot alignment view radiographs as described by Saltzman 

et al1.
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Table 1: Summary of measurement distortion present in weightbearing hindfoot 

alignment view radiographs with a 25mm radiographic reference sphere placed on the 

receiver, anterior tibia, medial malleolus, and Achilles tendon.

 

Figure 2: Clinical and radiographic example of weight bearing hindfoot alignment view 

radiographs with standard 25mm radiographic reference spheres placed at the anterior 

tibia and Achilles tendon measuring 33.2mm and 36.0mm respectively.
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Figure 3: Clinical example of WBCT with standard 25mm radiographic reference 

sphered placed at the anterior tibia and Achilles tendon.

1. Saltzman CL, El-Khoury GY. The hindfoot alignment view. Foot Ankle Int. 1995;16(9):572-576.
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Table 1. Interobserver and Intraobserver Reliability with Interrater Correlation 

Coefficients (ICC) for measurement of calcaneal moment arm using hindfoot alignment 

view radiographs and weightbearing computed tomography.

Hindfoot Alignment View Radiographs

vs. Observer II vs. Observer III vs. Observer IV
Interobserver 

Reliability

Observer I
.900†

95%CI .787 to .955

.942†

95%CI .873 to .974

.953†

95%CI .897 to .979

1.000†

95%CI .999 to 1.000

Observer II
- .967†

95%CI .927 to .985

.949†

95%CI .887 to .977

Observer III
.967†

95%CI .927 to .985

- .973†

95%CI .940 to .988

.998†

95%CI .996 to .999

Weightbearing Computed Tomography

vs. Observer II vs. Observer III vs. Observer IV
Interobserver 

Reliability

Observer I
.988†

95%CI .973 to .995

.991†

95%CI .979 to .996

.995†

95%CI .988 to .998

.956†

95%CI .903 to .980

Observer II
- .992†

95%CI .981 to .996

.993†

95%CI .984 to .997

Observer III
.992†

95%CI .981 to .996

- .987†

95%CI .971 to .994

.987†

95%CI .971 to .994

95%CI: 95% confidence interval

Observer I: Board certified musculoskeletal radiologist

Observer II: Board certified orthopaedic surgeon

Observer III: Orthopaedic foot & ankle surgery fellow

Observer IV: Foot & ankle research fellow (Senior orthopaedic resident)

†F test significance P < .001
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Table 4. Differences of calcaneal moment arm between hindfoot alignment view and 

weight-bearing computed tomography in patients with neutral alignment, moderate 

varus/valgus alignment, and substantial varus/valgus alignment.

Hindfoot Alignment View

Neutral 

(n=271)

-10.5≤CMA≤14.8 mm

Moderate Varus/Valgus 

(n=84)

-22.6≤CMA<-10.5 mm

14.8<CMA≤27.0 mm

Varus/Valgus 

(n=20)

CMA<-22.6 mm

CMA>27.0 mm

P Value
Absolute Difference (HAV – 

WBCT) [mm]

5.0±3.8

(0.0-22.4)

4.3±3.2

(0.0-17.0)

3.7±2.6

(0.1-9.9)
.252†

CMA, calcaneal moment arm

HAV, hindfoot alignment view

WBCT, weight-bearing computed tomography

†using Kruskal-Wallis test
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Table 5. Differences in calcaneal moment arm between hindfoot alignment view and 

weight-bearing computed tomography in patients with vs. without hardware in hindfoot 

and in patients with vs. without motion artifacts (weight-bearing computed tomography).

With Hardware in Hindfoot
(n=119)

Without Hardware in 
Hindfoot
(n=256)

P Value

Absolute Difference (HAV – 
WBCT) [mm]

5.0±3.7
(0.1-22.4)

4.6±3.6
(0.0-19.1) .273†

With Motion Artifacts 
(WBCT)
(n=30)

Without Motion Artifacts 
(WBCT)
(n=345)

P Value

Absolute Difference (HAV – 
WBCT) [mm]

4.7±4.1
(0.2-19.1)

4.8±3.6
(0.0-22.4) .650†

HAV, hindfoot alignment view

WBCT, weight-bearing computed tomography

†using Mann-Whitney Rank Sum test
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Table 6. Underlying hindfoot deformity*, retained hardware in the hindfoot, and motion 

artifacts (weight-bearing computed tomography) in 375 ankles.

Parameter All ankles

Ankles with Calcaneal 
Moment Arm 

Difference within 1.96 
timed SD†

Ankles with Calcaneal 
Moment Arm 

Difference outside 
1.96 timed SD†

P Value

Number of ankles 375 353 22 -
Underlying hindfoot 
deformity* yes/no 20/355 19/334 1/21 .669‡

Retained hardware in 
the hindfoot yes/no 119/256 113/240 6/16 .643‡

Motion artifacts 
yes/no 30/345 27/326 3/19 .315‡

SD, standard deviation

*substantial varus/valgus deformity as measured using hindfoot alignment view, substantial varus 
deformity was defined as ≤ -22.6 mm (1.96 timed SD), substantial valgus deformity was defined as ≥ 33.2 
mm (1.96 timed SD)

†range between -12.8 mm and 4.9 mm

‡using Chi-square test
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