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Article

Introduction

Ankle arthrodesis is an established treatment for ankle 
arthritis.1,8,13,18,28 It has been shown that alignment of the 
ankle at the time of arthrodesis is important.12,26 Literature 
discussing alignment of the ankle has been in the context 
of coronal and sagittal planes, and establishing an anatom-
ically neutral ankle joint.9,26 It has been recommended to 
place the arthrodesis at neutral dorsiflexion/plantarflexion 
within the sagittal plane relative to the plantar aspect of 
the foot.4,9,21 Studies discussing talar declination angle 
recommend correcting the talar declination angle to 25 
degrees.5,6,24 Excess dorsiflexion is thought to cause heel 
overload whereas excess plantarflexion can result in a 
back-knee thrust and vaulting gait pattern.8

In patients with pes planus, the talus is relatively plan-
tarflexed relative to the tibial axis.10,17,25 In addition to this 
increased talar declination angle, these patients often have a 
decreased cuneiform height (CH) and increased lateral talo-
metatarsal angle (LTMA).10,14,20,29 It is unclear how these 
measurements change with ankle arthrodesis, particularly 
with relation to a change in the talar position after an ankle 
arthrodesis. Sealey et al26 demonstrated that there is an 

1187888 FAOXXX10.1177/24730114231187888Foot & Ankle OrthopaedicsBoivin et al
research-article2023

1Western Michigan Homer Stryker School of Medicine, Kalamazoo, MI, 
USA

Corresponding Author:
James Jastifer, MD, Western Michigan Homer Stryker School of 
Medicine, 2490 S 11th St, Kalamazoo, MI 49009, USA. 
Email: jrjast@gmail.com

Radiographic Measurements of the Foot  
and Ankle After Ankle Arthrodesis

Jordan Boivin, MD1 , Christopher Traynor, MD1 , Kevin Stehlik, BS1,  
and James Jastifer, MD1

Abstract
Background: Ankle arthrodesis is an established treatment for ankle arthritis. For patients with ankle arthritis, the 
position of the talus during ankle arthrodesis may affect the radiographic parameters of the foot. The purpose of this study 
is to assess the radiographic relationship between talar alignment and the longitudinal arch of the foot before and after 
ankle arthrodesis.
Methods: We retrospectively reviewed a single-surgeon series of 30 patients who had undergone ankle arthrodesis. 
Measured parameters included the lateral tibiotalar angle (LTTA), lateral talometatarsal angle (LTMA), lateral talocalcaneal 
angle (LTCA), cuneiform height (CH), and calcaneal pitch (CP). Additional data collected included demographics, fusion 
construct type, and visual analog scale (VAS) measurements.
Results: LTTA was increased from 68.2 ± 7.4 degrees preoperatively to 75.0 ± 6.4 degrees postoperatively (P = .001), LTMA 
increased from −2.0 ± 10.7 degrees to 4.0 ± 10.1 degrees (P < .001), CH increased from 20.1 ± 7.5 mm to 26.1 ± 8.4 mm 
(P < .001), LTCA and CP had no statistically significant change. VAS score decreased from 5.7 ± 2.7 to 1.3 ± 1.9 (P < .001).
Conclusion: Correcting the talar alignment in the sagittal plane during ankle arthrodesis improved the radiographic 
parameters of the foot, contributing to restoration of the longitudinal arch. The clinical significance of these findings is that 
in patients undergoing ankle arthrodesis, the surgeon should be aware that the alignment of the foot will be altered at the 
time of ankle arthrodesis and should be considered in preoperative planning. Further research is needed to determine the 
effect of ankle arthrodesis in patients determined to have pes planus preoperatively.

Level of Evidence: Level III, retrospective cohort study.
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inverse association between the calcaneal pitch angle and 
the sagittal range of motion following an ankle arthrodesis. 
This is important following ankle arthrodesis, because flex-
ibility through the foot has been shown to have a positive 
correlation with patient function and satisfaction.19 
Furthermore, quality of life has been positively associated 
with increased compensatory motion of the hindfoot and 
midfoot after ankle arthrodesis.26

An important consideration during ankle arthrodesis is 
the position of the talus relative to the tibia. In patients with 
a plantarflexed talus, correcting this deformity with the 
ankle arthrodesis may correct the longitudinal arch.

To our knowledge, few have assessed the relationship 
between ankle position and the longitudinal arch of the foot. 
We hypothesize that dorsiflexing the talus while performing 
an ankle arthrodesis will improve the sagittal alignment of 
the foot, helping to restore the longitudinal arch. The pur-
pose of this study is to assess the relationship between ankle 
position in the sagittal plane and the longitudinal arch of the 
foot before and after ankle arthrodesis.

Methods

Patients who underwent an ankle arthrodesis were retro-
spectively examined in this single-institution, single-sur-
geon study from January 2015 through December 2021. 
Inclusion criteria consisted of patients 18 years of age or 
older undergoing isolated ankle arthrodesis. Patients 
excluded were those with prior or additional subtalar 
arthrodesis, prior or additional midfoot reconstruction, 
structural complications after arthrodesis, lack of adequate 
radiographs, or lack of 6-month follow-up. Twenty-seven 
patients met the inclusion criteria.

Preoperative and 3-month postoperative radiographic 
measurements were obtained utilizing the Merge Unity, ver-
sion 11.0 (Merge Healthcare, Hartland, WI) picture archiving 
and communication system. Radiographic measurements 
obtained on weightbearing radiographs included the follow-
ing: lateral tibiotalar angle (LTTA), lateral talometatarsal 
angle (LTMA), lateral talocalcaneal angle (LTCA), cunei-
form height (CH), and calcaneal pitch (CP) as described pre-
viously in the literature (Figure 1).7,8,11,22,27 Patient charts 
were reviewed for age, sex, body mass index (BMI), comor-
bidities including diabetes, smoking status, fusion construct 
type, complications, and visual analog scale (VAS) scores.

Statistical Analysis

Descriptive and comparative statistics including mean, SD, 
percentage, and t tests were calculated where appropriate. t 
test was calculated using a paired 2-tailed t test within 
Microsoft Excel. Statistical significance was set at P <.05.

Results

A summary of the demographics is shown in Table 1. The 
average age was 58.0 ± 11.0 years with a range from 31 to 
78 years old. Males accounted for 16 of the 27 patients 
included and 11 of 27 had the left ankle operated on. The 
average BMI was 33.1 ± 5.8 with a range of 24.0 to 44.3. 
Only 1 of 27 patients was diabetic. Smokers accounted for 
5 of 27 patients, whereas the rest were former or never 
smokers. Various constructs were used for the arthrodesis. 
Interfragmentary screws alone in 13 patients, interfragmen-
tary screws with plate augmentation in 7 patients, and ante-
rior compression plating in 7 patients.

Figure 1. Example radiographic measurements of (A) calcaneal pitch, (B) lateral talocalcaneal angle, (C) cuneiform height, and (D) 
lateral talometatarsal angle and lateral tibiotalar angle.



Boivin et al 3

On radiographic examination, the LTTA was increased 
from 68.2 ± 7.4 degrees preoperatively to 75.0 ± 6.4 
degrees postoperatively (P = .001), LTMA increased from 
−2.0 ± 10.7 degrees to 4.0 ± 10.1 degrees (P < .001), LTCA 
measured 43.2 ± 10.3 degrees preoperatively to 44.0 ± 6.0 
degrees postoperatively (P = .555), CH increased from 
20.1 ± 7.5 mm to 26.1 ± 8.4 mm (P < .001), and CP mea-
sured 21.8 ± 8.1 degrees preoperatively to 23.6 ± 6.2 
degrees postoperatively (P = .146). Table 2 provides a sum-
mary of the radiographic measurements pre- and postopera-
tively. The range of the LTTA 45 to 79 degrees condensed to 
64 to 77 degrees, LTMA −36 to 21 degrees condensed to 
−24 to 31 degrees, CH 1 to 38 mm increased to 1 to 48 mm, 
LTCA 12 to 66 degrees condensed to 32 to 63 degrees, and 
CP 7 to 44 degrees condensed to 13 to 38 degrees. VAS 
scores decreased from 5.7 ± 2.7 to 1.3 ± 1.9 (P < .001). 
Average follow-up was 12.4 months.

Complications in our study were present in 6 patients. 
One patient underwent hardware removal 1.5 years postop-
eratively because of hardware irritation. The pain resolved 
following removal. One patient had a nonunion demon-
strated on CT scan that underwent a revision arthrodesis 
and was excluded. One patient underwent 2 revision surger-
ies for a chronic wound and saphenous nerve neuroma. One 

additional patient had a saphenous nerve neuroma that was 
excised 2 months postoperatively. One patient developed a 
postoperative infection that required incision and drainage 
hardware removal, antibiotic spacer placement, and even-
tual tibiotalocalcaneal fusion and was excluded. The last 
patient sustained a periprosthetic fracture at the proximal 
end of the anterior plate after jumping out of a moving vehi-
cle on postoperative day 3. This patient subsequently under-
went surgical fixation with an additional anteromedial plate 
and went on to successful fusion. This patient was excluded.

Discussion

This study demonstrates that lateral radiographic parame-
ters were improved with ankle arthrodesis. By correcting 
the talar alignment during ankle arthrodesis, the sagittal 
plane alignment improved, contributing to restoration of 
the longitudinal arch. The clinical significance of these 
findings is that in patients undergoing ankle arthrodesis, 
the surgeon should be aware that the longitudinal arch can 
be corrected at the time of ankle arthrodesis. The LTTA in 
the current study increased by 6 degrees on average. The 
LTMA improved nearly 6 degrees. The normal angle is 
0 ± 10 degrees whereas patients with pes planus often are 

Table 1. Demographic Information of Patients Undergoing Tibiotalar Arthrodesis.

Number of Patients Mean ± SD or Percentage

Age 27 58.0±11.0
Gender
 Male 16 59
 Female 11 41
Extremity
 Right 14 55
 Left 13 45
Diabetic
 Yes 1 4
 No 26 96
Smoking status
 Current 5 19
 Former 6 22
 Never 16 59

Table 2. Summary of Radiographic Measurements Pre- and Post-operatively.

Lateral Tibiotalar 
Angle (degrees),

Mean±SD

Lateral Talometatarsal 
Angle (degrees),

Mean±SD

Lateral Talocalcaneal 
Angle (degrees),

Mean±SD

Calcaneal Pitch 
(degrees),
Mean±SD

Cuneiform Height 
(mm),

Mean±SD

Preoperation 68.2 ± 7.4 –2.0±10.7 43.2±10.3 21.8±8.1 20.1±7.5
Postoperation 75.0 ± 6.4 4.0±10.1 44.0±6.0 23.6±6.2 26.1±8.4
Difference 6.8 6.0 0.8 1.8 6.0
P value .001 <.001 .555 .146 <.001
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>20 degrees apex plantar.29 The arch height measured by 
the CH changed significantly, which indicates that the lon-
gitudinal arch was restored. The CP and LTCA did not have 
a significant change. All but the CH range condensed fol-
lowing arthrodesis. This points to improved correction of 
patients with worse deformities as the ankle joint is placed 
in the optimal position for arthrodesis. Figure 2 demon-
strates this change. These changes likely do not meet clini-
cal significance as a whole, but the patients with more 
severe deformities achieve greater correction and poten-
tially benefit more from the procedure.

This study is especially important to consider as ankle 
arthritis and pes planus can happen concurrently. When 
ankle arthritis is thought to be secondary to pes planus, it is 
considered stage IV pes planus.2,3,16,23,25,28 Evidence is lim-
ited to case series and expert opinion regarding stage IV pes 
planus treatment outcomes because of the rarity of progres-
sion.15 Numerous treatment options have been used to 
address symptomatic pes planus. Many of these are used in 
combination with surgical options addressing the tibiotalar 
joint depending on rigidity of the deformity.15 If the surgeon 
is able to correct the talonavicular sag with isolated ankle 
arthrodesis, this may avoid additional surgical procedures 
and the potential complications or morbidity that result.

This study has several limitations. First, this study was 
retrospective, which does not allow us to conclude causal 
relationships. Second, the study has a small sample size, 
which limits generalizability. Third, there was no intent to 
correct the sagittal alignment at the time of surgery through 
the ankle arthrodesis. Fourth, the surgical construct varied 
throughout the study period. However, the results did show 

Figure 2. (A, B) Preoperative and (C, D) 3 year postoperative lateral radiographs in patients who underwent isolated ankle 
arthrodesis. Note the improvement of the medial cuneiform height.

consistent radiographic changes from all constructs. Fifth, 
the only clinical outcome measure utilized was the VAS 
score, and more detailed outcome scores is a potential future 
research objective.

Conclusion

Correcting the talar alignment at the time of ankle arthrod-
esis improved the lateral radiographic parameters of the 
foot, contributing to the restoration of the longitudinal arch. 
The clinical relevance of these findings is that in patients 
undergoing ankle arthrodesis, the longitudinal arch can be 
corrected with positioning of the talus at the time of ankle 
arthrodesis. Future research could focus on the benefits to 
patient with pes planus undergoing ankle arthrodesis.
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