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The effect of weight-bearing positions on coronal lower limb alignment: a systematic review 45 

 46 

Abstract 47 

 48 

Introduction: 49 
The coronal alignment of the lower limb is generally accepted as a major determinant of 50 
surgical outcome in total knee arthroplasty (TKA). To achieve the ideal post-operative 51 
alignment, surgeons need to be aware of the influence that weight-bearing positions have on 52 
the final knee alignment.  53 
Therefore, this review aims to define the effect of varying weight-bearing positions on the 54 
coronal alignment of the lower limb. We hypothesized that a coronal alignment deformity 55 
increases with loading.  56 
Material and methods:   57 
The PubMed, Medline and google scholar databases were searched systematically in June 58 
2022. Only studies which compared coronal alignment with a standardized radiographic 59 
protocol in the single leg, double leg and supine positions were included. To obtain pooled 60 
estimates of the effect of different weight-bearing positions, random-effect analysis were 61 
fitted using SAS.  62 
Results: 63 
Compared to the supine position, double leg weight-bearing positions were found to be 64 
associated with a more pronounced varus deformity (mean difference in HKA is 1,76° (95% CI 65 
1,32: 2,21), p < 0.0001)). The mean difference in HKA between double leg and single leg 66 
weight-bearing conditions was 1.43° (95% CI (-0,042;2,90), p = 0.0528).  67 
Conclusion: 68 
The overall knee alignment was found to be influenced by the weight-bearing position. An 69 
average difference of 1.76° in HKA-angle was found between a double leg-stance and supine 70 
position, tending to increased varus in the former weight-bearing position. It is therefore 71 
possible that the deformity could increase by 1.76° if knee surgeons only follow a pre-op 72 
planning based on double-leg stance full length radiographs.  73 

Introduction 74 

In total knee arthroplasty (TKA), coronal alignment of the lower limb as well as restoration of 75 

the mechanical axis are generally accepted as major determinants of surgical outcome1,2. As 76 

a consequence, reproducible and precise measurements of the coronal alignment of the lower 77 

limb are required in TKA, whether performed during the planning, execution or post-surgical 78 

assessment 3. Weight-bearing conditions are thought to influence the assessment of the 79 

coronal alignment of the lower limb4. Moreover, the effects of the loss of cartilage and 80 

ligamentous imbalance can only be visualized best by using such weight-bearing assessments5.  81 

Mechanical factors such as gravity or muscle strength in the weight-bearing positions play an 82 

important role in the health and disease progression of the knee6,7,8. There are many 83 



biomechanical variables related to the knee function, but the most commonly explored is the 84 

external knee adduction moment (KAM). The knee adduction moment is a surrogate measure 85 

for the medial compartment loading of the knee joint during walking9. By passing medially to 86 

the knee joint center, the force vector creates an adduction moment that is thought to 87 

increase the medial compartment load10.   88 

The external knee adduction moment is mainly determined by the ground reaction force (GRF) 89 

and its lever arm to the knee joint center. The ground reaction force is according to Newton’s 90 

third law; the equal and opposite force that was applied to the ground11.  91 

A double stance positioning can distribute the loads between two legs, whereby the reaction 92 

force will be less in comparison to a single leg stance position. So, a greater adduction moment 93 

has already been described to force the knee into varus during a single leg stance12. Knowing 94 

that the single-leg stance represents 60 percent of the loads during a gait cycle, the single-leg 95 

stance is most representative for the loads on the knee11,13.  Until now, the double stance full 96 

leg antero-posterior radiograph of the lower limb is generally accepted as the clinical gold 97 

standard to assess the coronal alignment of the lower limb.  Knee surgeons therefore need to 98 

be aware of the difference in knee alignment in double-stance and single-stance assessments.  99 

Moreover, positioning a patient in a supine position will eliminate the ground reaction force 100 

on the knee. Since the knee adduction moment was described as forcing the knee into varus 101 

during increasing weight-bearing14, an underestimation of the alignment deformity can be 102 

expected in patients in the supine position. As all patients have a supine position during total 103 

knee arthroplasty, the effect of all different weight-bearing conditions on the final knee 104 

alignment needs to be known. Knee surgeons have to be aware of this to achieve the ideal 105 

post-operative alignment, since this is a major determinant of the surgical outcome. By 106 

making a comparison between radiological and computer navigation measurements, Willcox 107 

et al concluded that the intra-operative alignment obtained from computer navigation is not 108 

necessarily the same as the deformity seen on a standing long-leg radiograph5.  109 

This review aims to define the effect of weight-bearing conditions on the coronal alignment 110 

of the lower limb. The differences between supine, non-weight-bearing and weight-bearing 111 

conditions will be investigated, as well as the effect of amount of weight-bearing, expressed 112 

by single leg or double leg stance.  As flexion or rotational deformities of the lower extremity 113 

and patient positioning during imaging can influence the accuracy of two-dimensional 114 

measurements15, we will take into account the imaging technique that was used  115 



We hypothesized that a coronal alignment deformity increases from a supine, non-weight 116 

bearing to a standing, weight-bearing position and will be most pronounced in single leg 117 

stance.  118 

 119 

Material and Methods 120 

 Search strategy 121 
A literature search was performed with PubMed, Medline and Google scholar by one author 122 

in June 2022. 123 

The Mesh terms were based on a preceding PICO-analysis.   124 

Search parameters used for the PubMed database were: Knee joint/ diagnostic imaging 125 

[Mesh] AND posture AND weight-bearing, Knee joint/ diagnostic imaging [Mesh] AND posture 126 

AND supine position , Knee joint/ diagnostic imaging [Mesh] AND posture AND limb loading , 127 

Radiographic Image interpretation AND limb loading , lower extremity/diagnostic imaging 128 

AND weight bearing AND supine , Lower limb alignment and weight bearing and supine 129 

position , full length X-ray and weight bearing and supine position.  130 

The search parameters used for Medline were: Lower limb alignment and weight bearing and 131 

supine position, Full leg X-ray, lower limb full-length x-ray, Full-length radiographs, full leg 132 

standing radiographs, Lower limb coronal alignment, LLR AND knee, mesh(posture) AND mesh 133 

(weight bearing) AND mesh(radiography), mesh(radiography) AND mesh (weight bearing) 134 

AND mesh(knee).  135 

The search parameters used for Google scholar were: “supine long leg x-ray” and “Differences 136 

in coronal knee-alignment between standing and supine x-ray”.  137 

 Eligibility criteria 138 

Applied measurement-methods needed to be validated to allow inclusion of studies. Studies 139 

without a standardized radiographic protocol were excluded. Other exclusion criteria were: 140 

(1) studies which compared lower limb alignment based on ‘gait-analysis’, (2) no information 141 

of the weight-bearing status of the participants is provided, (3) the study lacks coronal 142 

measurements. In addition, only studies with comparisons between different weight-bearing 143 

situations (single leg, double leg and supine), were included. Only studies with a reported 144 

standard deviation and standard error could be included to allow for further statistical 145 

analysis.  146 



 Selection process 147 

Records obtained from the literature research were title screened by one author. The 148 

retrieved articles were assessed for eligibility by two authors independently. Additionally, all 149 

included articles were reviewed by 2 authors in terms of quality using the 5-point Oxford 150 

Quality rating Scale and CONSORT checklist 16. 151 

 Data processing and statistical analysis 152 

According to the Prisma guidelines, tables were made to classify and integrate the retrieved 153 

data17,18.  To rule out any bias of possible inaccurate measurements of two-dimensional 154 

assesments33,34,35,36, a distinction was made between studies which used the same digital 155 

imaging techniques and those who made comparisons of different ones. A first table 156 

investigated studies which used the identical imaging systems. A second table was defined for 157 

data from studies who made comparisons of non-identical imaging systems. Furthermore, 3 158 

subgroups were defined based on the pre-existing knee alignment. A first subgroup consisted 159 

of studies which only included varus knees. The second subgroup consisted of studies which 160 

included a combination of both varus and valgus knees. Studies which only included valgus 161 

knees constituted the third and final subgroup. For each subgroup the effect of weight bearing 162 

conditions on coronal alignment was determined. 163 

To obtain pooled estimates of the effect of different weight-bearing conditions for identical 164 

medical imaging systems, random-effects meta-analyses were fitted using the PROC MIXED 165 

function in SAS, version 9.419.  Separate models were defined for the comparison of double 166 

leg versus supine weight-bearing positions, for double leg versus single leg positions, and for 167 

single leg versus supine weight-bearing conditions, with the difference in HKA between each 168 

pair of measurement positions as the dependent variable. The variances of these differences 169 

were used as within study variances and the between study variance was estimated via the 170 

restricted maximum likelihood (REML) method, by including a random study effect in the 171 

model. To obtain the effect of the double leg versus supine weight-bearing position for non-172 

identical medical imaging systems, the models were extended with a categorical fixed effect 173 

specifying the medical imaging systems used (i.e., FLR vs CT, FLR vs computer-assisted surgery 174 

(CAS), FLR vs MRI and biplanar radiography 3D vs CT). 175 

 176 



Results 177 

In total, 758 articles were identified in this literature search. After screening the titles, removal 178 

of duplicates and adding articles after manual screening of the reference lists, 59 studies were 179 

reviewed by 2 authors. Of these, 33 were excluded based on the above criteria leading to 26 180 

studies.  After using the statistical inclusion criteria, a total number of 15 articles were finally 181 

analyzed (fig 1.).  182 

 183 

Fig. 1: This illustrates the PRISMA flowchart of paper selection.  184 

 185 

Six different assessment methods for lower limb alignment were reported in the remaining 15 186 

studies: 2D full length X-ray, 3D full length X-ray (EOS), CT scan, MRI, CAS, and a validated non-187 

invasive infrared position capture system. Three different weight-bearing conditions were 188 

reported: (1) single leg stance, (2) double leg stance and (3) the supine position.   189 

 190 
1. A comparison of double leg weight-bearing vs supine conditions 191 

 192 
A distinction was made between studies which used the same digital imaging techniques and 193 
those who compared different ones.  194 
 195 
Three studies12,21,22 were included, based on the use of identical imaging modalities.  196 

Based on these studies, double leg weight bearing positions were found to be associated with 197 

a more pronounced varus alignment compared to the supine position. The mean difference 198 

in HKA between double leg and supine position was 1,68° (95% CI 0,51: 2,85), p = 0,0197). 199 

Detailed results are shown in table 1.  200 

 201 

Table 1.:  An overview of the studies who used identical radiographic imaging modalities to determine 202 

the influence on knee alignment between the supine position and a double leg stance position. The 203 

knee alignment tends to a more varus alignment than in a double leg stance position. 204 

 205 

Eight studies5, 23,24,25,26,27,28,29 were found that compare double leg stance with a supine 206 

position, based on non-identical imaging modalities.  In total, five different imaging systems 207 

were used throughout these studies. The full-length radiograph and 3D biplanar radiography 208 



were compared to CT/CT scanogram, MRI, CAS and an intraoperative supine fluoroscopy 209 

respectively.  210 

These studies showed an overall mean difference in HKA of 1.80° (95% CI (1,21;2,39) (p = 211 

0,0001), tending to increased varus in the double leg weight-bearing position.    212 

 213 

 214 

a.  full length radiograph vs CAS  215 

Three studies5,23,24 were found to describe this difference (see table 2). The mean difference 216 

in these studies was 1,87° (95% CI [0.42;3.34]p=0.0233) tending to a more varus alignment in 217 

standing full length radiograph.   218 

 219 

 220 

Table 2.: The effect of weight-bearing measurements analyzing 2D full length radiograph vs computer 221 

navigation: double leg stance vs supine position. The final knee alignment tends to a more varus 222 

alignment in the double stance position.  223 

 224 

b.  full length radiograph vs MRI 225 

The mean difference between standing full length radiographs and supine MRI was 2,21° 226 

(95%CI [ 0.36; 4.07] p = 0.0294). This was based on studies by Winter et al.25 and 227 

Schoenmakers et al.24 (see table 3).   228 

 229 

Table 3.: The difference in HKA-angle between full length radiographs (double leg stance) vs MRI 230 

(supine). The overall knee alignment measurements tend to a more varus alignment in full length 231 

double stance radiographs when compared to supine MRI’s.  232 

 233 

c. full length radiograph vs CT  234 

Two studies26,27 described the difference between standing full length radiographs and supine 235 

CT’s (table 4). The HKA-angle changed by 1,61° (95%CI [--0,25;3.48], p=0,0745) towards a more 236 

varus position in the standing full-length X-rays.  237 

  238 



Table 4: The difference in HKA-angle between full length radiographs (double leg stance) vs CT (supine). 239 

The overall knee alignment measurements tend to a more varus alignment in full length double stance 240 

radiographs compared to supine CT’s.  241 

 242 

d.  biplanar 3D radiography vs CAS 243 

Only one study compared the intra-operative CAS measurements (supine) to standing EOS 3D 244 

reconstructions. When comparing varus/valgus angle measurements of CAS with 245 

preoperative EOS 3D measurements, greater varus and valgus angles were measured with EOS 246 

3D for varus and valgus knees respectively by Meijer et al.28 . Preoperatively, a varus-valgus 247 

angle of 0° for CAS and -3° for EOS 3D were measured with a statistically significant difference 248 

of 3°.   249 

 250 

e. biplanar 3D radiography vs CT (supine) vs full length radiograph 251 

One study was found. The results of the study by Guggenberger et al.29 regarding the coronal 252 

alignment showed a mean HKA of 2,3°± 5,5° for supine CT, 2,5°± 6,7° for FLR and 3,4°± 6,6° for 253 

biplanar linear radiographs. Measurements on biplanar linear radiographs were 1,1 ± 2,5° 254 

more varus compared to a supine CT.  The difference between biplanar 3D radiography and 255 

full-length radiography was 0,9° ± 3,1°, tending to more varus in the upright FLR.  256 

 257 

The overall mean difference of HKA between double leg and supine position was determined 258 

using the eleven studies above5,12,21,22,23,24,25,26,27,28,29, the imaging modality used was not 259 

taken into account. The overall delta HKA is 1,76°,95%CI (1.32;2.21), p<0.0001 tending to 260 

more varus in a double leg stance. All delta HKA’s are summarized in table 5.  261 

 262 

Table 5: An overview of all included studies. A distinction was made between the three different 263 

weight-bearing positions and the pre-operative knee alignment. Studies which only included varus 264 

knees were marked in green. Studies which included a combination of both varus and valgus knees 265 

were marked in red. Delta HKA shows a clear tendency towards varus related to the more weight-266 

bearing positions.  267 

 268 

2. A comparison of double leg vs single leg weight-bearing conditions 269 
 270 



Three studies12,30,31, which all used identical imaging modalities, were included to investigate 271 

the differences between single leg and double leg weight bearing conditions.  272 

These results are summarized in table 6. The mean difference in HKA between double leg and 273 

single leg weight bearing conditions was 1.43° (95% CI (-0,042;2,90), p = 0.0528). The latter 274 

showing a more varus alignment.  275 

 276 

Table 6.: An overview of the studies who used identical radiographic imaging modalities to determine 277 

the different influence on knee alignment between the double leg stance and the single leg stance 278 

position. The knee alignment tends to more varus in a single leg stance position. 279 

 280 
3. A comparison of single leg weight-bearing vs supine conditions 281 

 282 
Two studies12,32 were found to analyze this difference (table 7). Those studies used identical 283 

imaging modalities.  284 

The mean difference in these studies was 2.08 [0.86; 3.31] (p = 0.0295) tending to a more 285 

varus alignment in single leg stance.   286 

 287 

Table 7.: An overview of the studies which used identical radiographic imaging modalities to 288 

determine the different influences on knee alignment between the supine position and the single leg 289 

stance position. The knee alignment tends to more varus alignment in a single leg stance position.  290 

1. Subgroup analysis 291 

The first subgroup (varus knees only) consisted of six studies12,22,31,32. Twelve studies formed 292 

the second subgroup (mixed population of varus and valgus knees)5,21,23,24,25,26,27,28,29. Studies 293 

which only included valgus knees were not found. Therefore, a third subgroup could not be 294 

defined.  295 

In subgroup one the mean difference in HKA comparing single versus double leg weight 296 

bearing conditions was 1,76° (95% CI (-0,76; 4,30), p= 0,0723). The mean difference in HKA 297 

comparing supine versus double leg position was 2,16° (95% CI (-4,64; 8,96), p=0,1546). When 298 

comparing supine position and single leg stance a mean difference in HKA of 2,55° (95% CI (-299 

5,11; 10,21), p= 0,1476) was found in subgroup one.  300 

In the second subgroup only supine versus double leg weightbearing position could be 301 

investigated and a mean HKA difference of 1,69° (95% CI (1,93; 2,2), p<0,001) was found.  302 



The difference between both subgroup regarding the overall change of HKA from supine 303 

position to double leg stance was 0,46° (95% CI (-1,73; 0,81), p= 0,4427). 304 

 305 

Discussion 306 

Main results 307 

The most important result of this systematic review after analysis of pooled data was that 308 

joint deformities in the coronal plane become more pronounced in increasing weight-bearing 309 

positions.  310 

The HKA-angle measured in a double leg stance position was 1,76° more varus in comparison 311 

to the supine position. In a single leg stance position, the HKA-angle was 1.43° more varus 312 

compared to a double leg stance position and 2,08° more varus compared to a supine position 313 

(see fig. 2) 314 

 315 

Fig2.: The differences in HKA-angle between different weight-bearing positions. 316 

 317 
Literature comparison 318 

Thus, the amount of weight-bearing determines the discrepancies in mechanical axis deviation 319 

between weight-bearing and non-weight-bearing conditions. It demonstrates the potential 320 

influence of weight-bearing, which is especially relevant in patients with a high body mass 321 

index (BMI)3. All these findings can be explained by an increasing load during stance phase, 322 

which leads to a greater ground reaction force11.  The ground reaction force passes medial to 323 

the joint center, creating an adduction moment that forces the knee into varus.  324 

Interestingly, this trend towards a more varus alignment in the standing position occurs in 325 

both asymptomatic and osteoarthritic native knees, as well as in prosthetic knees4,22,25,26,37,38. 326 

This might suggest that soft tissue restraints might be more important contributors to weight-327 

bearing alignment than rigid bony or prosthetic architecture. Preoperative differences 328 

between full length radiographs and computer navigation measurements were significantly 329 

higher when mediolateral instability was present as well as with increasing age24. This 330 

statement is further supported by the difference in joint line convergence angle (JLCA) 331 

between supine and standing radiographs, as well as between double leg stance and single 332 

leg stances whereby the JLCA increases as a result of the dynamic effects of weight-333 

bearing30,31,39,40. The increase in JLCA corresponds to laxity of the lateral soft tissues, which is 334 



aggravated by the varus deformity as seen in double and triple varus knees13,23,36,42.  Patients 335 

with a mechanical axis deviation > 2cm or JLCA >3° showed an even higher likelihood of those 336 

discrepancies40. Knee joints with varus malalignment can thus open laterally, especially with 337 

weight-bearing, creating a larger magnitude of mechanical axis deviation than can be 338 

accounted for the skeletal deformities alone40,41.  339 

 Clinical relevance 340 

Knee surgeons who aim to restore the constitutional alignment of their patients instead of 341 

aiming to a neutral (0°) alignment, need to be aware of this difference. If a surgeon decides, 342 

based on the pre-op double leg stance full-length X-ray to plan the prosthesis to create a 3° 343 

varus alignment and executes this plan through navigation-assisted surgery, the end result will 344 

involve additional varus. Outliers associated herewith come with a risk of inferior surgical 345 

outcomes2.  346 

However, the weight-bearing increase in coronal alignment deformity is expected to be 347 

reduced in post-arthroplasty knees compared to the 1.76° we reported in this study based on 348 

non-replaced knees. This can be explained by (1) the increased stiffness of polyethylene 349 

compared to cartilage and (2) arthroplasty-induced alterations in the stresses and strains of 350 

the soft-tissue stabilizers of the knee and their further response to the increased loading 351 

associated with weight-bearing conditions. This is in line with the findings of Willcox et al who 352 

suggested that the difference in deformity induced by weight-bearing might be less after 353 

implantation5. Other studies also mention a more pronounced varus alignment when 354 

radiographs were taken at 1 year rather than 6 weeks postoperatively4. This could be 355 

explained by the fact that patients were still unable to fully weight bear on the affected limb 356 

in the early post-operative period43. 357 

 358 

 Limitations 359 

There are some limitations to our review. First of all, the 5-point Oxford Quality rating scale 360 

was used to review the included studies. Despite this being the recommended method, the 361 

obtained scores were low (0-1/5) because none of the included studies were randomized or 362 

double blinded which is inherent to the study design.  On the other hand, the studies obtained 363 

by the literature search were reviewed by two separate authors using the CONSORT checklist 364 

to obtain an adequate quality assessment16. 365 



Furthermore, the number of included studies in the pooled data analysis is relatively small. In 366 

addition, the majority of included studies were comprised of small numbers of patients. This 367 

might explain why the results of our meta-analysis did not always reach a level of significance. 368 

Studies were classified according to weight-bearing status, medical imaging system used and 369 

the knee alignment. A majority of the included studies (12/18) investigated a mixed 370 

population of varus and valgus knees. In those studies, a significant varus increase of 1,69° 371 

was mentioned when patients changed from a supine to a double leg stance position. In this 372 

weight-bearing changes only 2 studies were included which used only varus knees (mean 373 

difference in HKA of 2,16°). Due to the small number of these studies, the obtained difference 374 

of 0,46° between the varus subgroup and the mixed subgroup was not statistically significant 375 

(p= 0,44). As deformity increases with loading, the pre-existing valgus knees will become more 376 

valgus with loading. It could declare why the mixed subgroup seems to have less pronounced 377 

alignment changes compared to studies which only included varus knees. Thus, our finding of 378 

an overall change in HKA of 1,76° more varus in double leg stance in comparison to a supine 379 

position might be even an underestimation. Until now, it is unclear how the degree and 380 

direction of the deformity determines the effect of weight-bearing positions. Therefore, 381 

further research is recommended.  382 

Furthermore, 73 percent of the studies included were based on end-stage OA patients. 383 

Therefore, the influence of weight-bearing conditions on knee alignment in asymptomatic 384 

versus osteoarthritic versus prosthetic knees could not be determined. Future research is 385 

therefore required to define possible differences between these patient populations.  386 

 387 

Conclusion 388 

The overall knee alignment is influenced by the weight-bearing status. Coronal deformity 389 

increases with weightbearing loading from supine to double-leg and to single-leg stances. The 390 

mean difference between supine and double leg-stance is 1.76°, and the mean difference 391 

between double-leg stance and single-stance amounts to 1.43°.  392 

 393 
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