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Abstract

:

Featured Application


Inclusion of cone-beam computed-tomography scans in weight-bearing, combined with clinical score systems, may lead to more robust pre- and post-operative evaluations of correction surgery following the modified Grice–Green surgical procedure for adult acquired flatfoot, as well as more biomechanically based skeletal investigations of foot alignment.




Abstract


Severe adult-acquired flatfoot deformity is widely addressed surgically via the Grice–Green subtalar arthrodesis. Standard radiographic measurements have been reported, but these are limited to planar views. These complex deformities and the relevant corrections after surgery should be assessed in weight-bearing using 3D analyses now enabled by modern cone-beam CT scans. The present study is aimed at reporting these 3D radiographical foot bone alignments and the clinical results for this surgery. Ten patients were treated with the Grice–Green procedure. This implies inserting an autologous bone graft from the proximal tibial into the extra-articular sinus-tarsi to perform a subtalar arthrodesis. Before and after surgery, the patients were assessed based on the clinical range-of-motion and Foot-Function and Posture Indexes. Three-dimensional models of the tibia, calcaneus, talus, navicular, and 1st metatarsus were reconstructed from cone-beam CT scans in a single-leg up-right posture. Relevant longitudinal axes were defined to calculate ten spatial angles. Post-operatively, a significant realignment was observed for seven angles, including corrections lift-up of the talus (on average by 15°) and subtalar joint (13° in 3D), as well as the Meary’s angle (21°). Only few correlations were found between traditional clinical and novel 3D radiographical measurements, suggesting the former only limitedly represent the corresponding real skeletal status, and the latter thus offer the physician a more comprehensive evaluation. The present original analysis from modern cone-beam CT scans shows precisely the correction of foot and ankle bone alignments achieved using the Grice–Green surgical procedure, finally in 3D and in weight-bearing. For the first time, traditional clinical and score system evaluations are reported together with bone orientation and joint angles in the three anatomical planes.
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1. Introduction


Adult acquired flatfoot deformity (AAFD) is a symptomatic morphological alteration characterized by the collapse of the medial longitudinal arch (MLA), the abduction of the forefoot, and a valgus rearfoot. This deformity is mainly caused by injury or degeneration of the capsular and ligamentous structures, especially those supporting the foot arches [1], and the long plantar ligament. The main symptom leading to surgery is pain [2], suffered during high-intensity physical activities, such as hiking and running, as well as in less demanding activities, such as standing for a long time. Foot orthoses with forefoot and/or rearfoot posting are conservative options, but with low evidence of significant effects [3]. A number of surgical treatments are available for the most severe cases, combining soft and hard tissues [4,5,6]: tenodesis of the tibialis posterior tendon; arthrodesis of the collapsed subtalar joint to correct the alignment between the talus and calcaneus [7,8,9]; lateral column lengthening to restore the arch [10]; calcaneal osteotomy to shift the calcaneus back to a neutral position [10,11].



The goal of these surgeries is to achieve a painless, stable, and functional plantigrade foot. In the case of rigid deformity associated with subtalar osteoarthritis, its arthrodesis is considered the gold standard procedure. Grice–Green subtalar arthrodesis with an autologous bone graft is a widely used surgery [5] given its advantage to correct foot deformities by restoring the physiological alignment among the talus, calcaneus, and navicular bones. A recent study [12] investigated foot alignment via gait analysis using a validated multi-segment foot protocol and showed that the Grice–Green procedure restored frontal-plane alignment of the rearfoot and midfoot, together with a reduction in pain and an improvement in function during daily living activities.



A number of studies have investigated clinical and radiographical outcomes in AAFD patients after surgery, with only a few using modern 3D analyses of foot alignment in weight-bearing derived by cone-beam CT (CBCT) scans [13,14,15]. This technique can finally provide 3D alignment measurements of the foot bones in a natural weight-bearing condition. There are no studies investigating the effects of the Grice–Green subtalar arthrodesis using CBCT and examining single-bone and joint alignments, finally in 3D and in weight-bearing. Radiographic outcomes before and after subtalar fusion have been reported recently [2,16,17], but these were based on standard bidimensional antero-posterior and lateral views; with these views, a number of bones are obscured, the deformities and corrections in the transverse plane are missed, and calculations of the axial rotation are unfeasible. The Grice–Green seems to be among those surgical procedures particularly likely to obtain benefits from these techniques for the assessment of 3D foot bone alignment. In fact, it is meant to restore this alignment not only on the rear-foot, but also in the mid- and fore-foot, and not only in the sagittal plane, but also in the coronal and transverse anatomical planes.



The aim of this study was to report together and to assess possible correlations between tradition clinical and original 3D radiological outcomes in a population of AAFD patients operated on using the modified Grice–Green procedure.




2. Materials and Methods


2.1. Patient Population


Ten symptomatic stage II AAFD patients (6 females, 4 males; age: 51.3 ± 13.8 years; Body Mass Index (BMI): 28.6 ± 4.2 kg/m2) were recruited in the study. Inclusion criteria were the following: diagnosis of AAFD with an indication for arthrodesis of the subtalar joint via the Grice–Green surgical procedure [8]; age between 18 and 70 years; BMI < 40 kg/m2. Exclusion criteria were the following: severe morphological alterations of the foot, foot pathologies other than AAFD, severe neurological and vascular pathologies, and other systemic diseases affecting bone consolidation. The study was approved by the local Ethics Committee (Prot. Gen 0012502, 5 November 2018) and was conducted in accordance with the Declaration of Helsinki. All the participants signed informed consent before participating in the study.




2.2. Surgical Intervention


Patients underwent a modified Grice–Green procedure via arthrodesis of the subtalar joint with an autologous bone graft [7] from the ipsilateral tibia. A 5 cm medial longitudinal incision was performed over the proximal third of the tibia. After passing through the subcutaneous layer, a partial subperiosteal rectangular tibial bone graft was obtained using an oscillating saw. The graft was placed into its bed in the extra-articular sinus tarsi, while forcing the subtalar joint in about 5° valgus. The cancellous bone was used to fill part of the subtalar joint after the placement of the cortical bone graft. After surgery, a non-weight-bearing short leg cast was applied for 40 days to protect both surgical sites, followed by a new weight-bearing cast or walker boot for a further 40 days [2,8].




2.3. Clinical Assessment


Patients’ feet were clinically assessed before surgery and at one year of follow-up (9.9 ± 3.5 months) by means of the 17-VAS questions Foot Function Index (FFI) [18] and the Foot Posture Index (FPI) [19,20]. The FFI scale returns a score between 0 and 170, where 0 indicates no pain and no limitation in activities and 170 is associated with the maximum pain and limitations perceived. The FPI scale returns a score between −12 and +12, where −12 is associated with a severely supinated foot and +12 a severely pronated foot, with 0 representing a normal foot posture. The following passive ranges of motion were measured with a manual goniometer by an experienced operator with the patient lying on a bed: the plantarflexion (TTpla) and the dorsiflexion (TTdorsi) of the tibiotalar joint, i.e., the ankle; the valgus angle of the hallux; the valgus angle of the calcaneus.




2.4. CBCT Scans


Before and after surgery, patients underwent a 3D analysis of foot bone alignments derived from a CBCT scan (OnSight Extremity System, Carestream, Rochester, NY, USA). This provides high-resolution images, with a lower dose of radiation, than conventional CT machines [21]. During image acquisition the patients were asked to stand still upright on the operated leg. This medical imaging technology gives access to the foot anatomy, in 3D and in weight-bearing. The execution time of the exam is 25 s, and a 3D rendering of the foot is returned in a few minutes.




2.5. Three-Dimensional Bone Model Reconstruction


Nine hundred and sixty CT images at a 0.26 mm distance were exported in a Dicom file for each foot scan. This dataset, obtained before and after surgery, was processed in Mimics Innovation Suite version 22.0 (Materialise, Leuven, Belgium) by a single operator to generate a 3D mesh for the distal tibia and fibula and for all the foot bones (Figure 1), i.e., the segmentation process [22]. This entails the separate semi-automatic identification of each bone, starting from the three anatomical views in the Dicom file. The ground under the foot was also segmented and included in the overall 3D model file. This was assumed as the global transverse plane, which was necessary for the calculation of the absolute orientation, i.e., inclination of the foot bones. In the Dicom files of the post-operative CBCT scans, the corticocancellous autograft between the talus and calcaneus (necessarily introduced because of the surgical procedure) was identified and removed; this resulted in a more difficult segmentation of these two bones but did not affect their final 3D pose estimation.




2.6. Calculation of Anatomical Planes and Bone Axes


The files with the 3D bone models, in STL format, were imported in Matlab R2021b (Mathworks Inc., Natick, MA, USA) to be processed with original scripts according to an established technique [22]. The first step was the definition of the anatomical reference frame for the entire foot, with the vertical axis orthogonal to the ground plane, the antero/posterior axis on the ground plane joining the projections of the most plantar points of the calcaneus and the second metatarsal head, and the medio/lateral axis orthogonal to these two axes. All bone models were then realigned to this anatomical reference frame.



A reference frame with three anatomical axes was also defined for the tibia (TI), calcaneus (CA), talus (TA), navicular (NA), and 1st metatarsus (M1) according to the standard Principal Component Analysis [22]. Starting from the 3D coordinates of the bone surface points, this statistical analysis implies a one-shot calculation of the three orthogonal axes with the highest variance. For each of these bones, this results in the definition of the longitudinal axis, i.e., the antero-posterior, as well as the medio-lateral and the dorsi-plantar axes. However, for the following angular measurements, only the former was used and projected into the three anatomical planes of the foot, as defined above. Moreover, the plane orthogonal to the ground and passing through the longitudinal axis was defined, to report the most correct inclination, exactly in the spatial plane containing the axis, thus hereinafter called the “3D angle”.



For the assessment of relevant bone alignments before and after the operation, the following ten angles were thus calculated (Figure 2), according to the nomenclature in [22].



IL_TA; IL_CA: the inclination angle in the lateral anatomical plane of the talus (TA) and of the calcaneus (CA), with positive being down to the ground and negative being up.



I3_CA: the inclination angle in 3D of the calcaneus, with negative being up from the ground.



RF_TICA: the relative angle in the frontal anatomical plane between the tibia (TI) and the calcaneus (CA), i.e., varus (negative) and valgus (positive) of the calcaneus.



RL_TACA; RT_TACA; R3_TACA: the relative angle between the talus (TA) and the calcaneus (CA), respectively, in the lateral and transverse anatomical planes, and in 3D.



RT_TANA: the relative angle in the transverse anatomical plane between the talus (TA) and the navicular (NA).



In the transverse anatomical plane, positive values indicate inclinations of the bone toward the lateral side and negative toward the medial side.



RL_CAM1: the relative angle in the lateral anatomical plane between the calcaneus (CA) and the first metatarsal (M1), i.e., the Hibb angle in traditional X-ray pictures [13]; it is the value of the apex dorsi angle.



RL_TAM1: the relative angle in the lateral anatomical plane between the talus (TA) and the first metatarsal (M1), i.e., the Meary’s angle in traditional X-ray pictures [13]; it is the value of the apex dorsi angle and is negative when it is an apex plantar angle.




2.7. Statistical Analysis


The Student t-test was used to analyze the statistically significant differences in the measurements, i.e., p-values < 0.05, and also incidentally the ability of these techniques to reveal significant differences between pre-op and post-op conditions. Furthermore, the Pearson product–moment coefficient (R) was also used to derive possible correlations.





3. Results


3.1. Clinical Assessment


The post-operative clinical condition was found to be improved after surgery (Table 1 and Table 2). The high pre-operative values for the FPI and FFI scores, as well as the calcaneal and hallux valgus angles, confirmed the severity of flat foot in all patients. Statistically significant improvements (p < 0.001) were found for the FPI (average ± standard deviation: 10.6 ± 2.2 pre-op, 2.7 ± 1.7 post-op), FFI (60.7 ± 20.8% pre-op, 15.2 ± 16.7% post-op), and the calcaneal valgus angle (14.4 ± 4.3 pre-op, and 6.7 ± 4.9 post-op).




3.2. Bone Alignments


Regarding the characterization of bone alignments from CBCT scans (Table 1 and Table 2), the severity of the bone orientation and joint deformity of all patients was shown by the pre-operative angles. Post-operatively, a significant improvement was observed for the following 7 out of 10 angles. The drop down of the talus (i.e., IL_TA) was corrected on average by 14.6 ± 5.0° (R = −0.81, p < 0.001). Significant realignments were also observed at the subtalar joint (i.e., RL_TACA, R3_TACA angles), on average, respectively, 11.2 ± 5.6° (R = −0.72, p < 0.001) and 13.0 ± 6.6° (R = −0.74, p < 0.001). Even though not statistically significant, the calcaneus was elevated in the sagittal plane (i.e., IL_CA) by about 3.5° on average. The MLA, somehow here represented by the RL_CAM1, returned by 7.3 ± 4.7° (R = −0.44, p = 0.05) to more physiological values. An apex plantar Meary’s angle, i.e., RL_TAM1, pre-op (13.2 ± 7.5°) was corrected in an apex dorsal post-op (7.6 ± 5.4°), with an improvement of 20.8 ± 5.0° (R = 0.86, p < 0.001). Significant realignments were also found in the transverse anatomical plane of the rearfoot, i.e., RT_TANA and RT_TACA. For the former, there was a 30.3 ± 13.6° (R = 0.70, p = 0.001) reduction in the large extra-rotation of the navicular with respect to the talus; for the latter, there was a 10.5 ± 7.8° (R = 0.47, p = 0.04) reduction in the large intra-rotation of the talus with respect to the calcaneus. Nevertheless, the degree of correction had a large spectrum of values over the ten patients: from a 13 to even 54° difference in the former and from 0° to 21° in the latter.



Both clinical outcomes and bone alignments showed a large spectrum of values not only over subjects, suggesting that the response to surgery can be different in every case, likely according to age and BMI, but also perhaps according to the severity of the deformity pre-op, the accuracy of the surgery, the laxity of the soft tissues, and the strength of the muscles, etc.




3.3. Correlations between Clinical Assessment and Bone Alignments


Correlations between clinical and angular values were performed both pre- and post- op. Regarding pre-operative data, the only significant correlation was found between the clinical plantarflexion of the tibiotalar joint (TTpla) and the RT_TANA angle (p = 0.05. R = 0.63), suggesting that the deformity of the talo-navicular joint in the transverse plane is correlated with a reduction in mobility at the ankle. Regarding post-operative data, only four significant correlations were found. A negative correlation (p = 0.03. R = −0.69) was found between the clinical dorsiflexion of the of the tibiotalar joint (TTdorsi) and the Meary’s angle (RL_TAM1). A positive correlation was found between the plantarflexion of the TT joint and both RT_TACA (p = 0.03. R = 0.67) and RT_TANA (p = 0.002. R = 0.84) and also between FFI and RF_TICA (p = 0.0004. R = 0.90). According to these observations, the current traditional clinical assessments of the flat foot, both pre- and post-op, apparently represent only a little of the corresponding real skeletal status.




3.4. Correlations between Pre-Op Condition and the Effects of Corrections


Correlations between pre-op values and the corresponding difference between pre- and post-op were also calculated, both for clinical and alignment measurements. As for the clinical values, statistical significance (p < 0.01) was found for FPI and FFI scores and for the TTpla. As expected, all correlations were negative, proving that the most critical clinical cases are those that improved the most. As for the angular values from CBCT, statistical significance (p = 0.02) was found for RT_TACA and RL_TAM1, proving that for these two angles, those feet with the largest deformity are those corrected the most.





4. Discussion


The main overall result of this study concerns the technique adopted, from the acquisition of CT scans in upright postures (i.e., using a modern device with the CBCT technology) to the calculation of the bone orientation and joint angles of foot bones. This overall technique was demonstrated to provide, for the first time, thorough alignment measurements of the foot bones in a natural weight-bearing condition. Therefore, the complete skeletal architecture of the flat foot before intervention and the relevant settlement after intervention can be quantified accurately, in 3D and in weight-bearing [13,22], as frequently recommended by physicians [2,8]. This technique overcomes the traditional radiographic measurements, which are less time-consuming and resource-intensive but can provide only bidimensional, mostly only sagittal, measurements of a few basic angles [16,22]. Nevertheless, recent studies in the literature are now also addressing the comparison between traditional and modern radiographic techniques [23]. Accurate 3D bone models were reconstructed using state-of-the-art tools, from which anatomical long axes were defined via the established Principal Component Analysis [13,22]. Clearly, the latter automatic calculation is independent of manual or other subjective actions or definitions, these being also sometimes affected by the position and orientation of the foot in the radiological device [16,22]. Ultimately these 3D axes show the alignment of the bones in the three anatomical plane projections but also in a spatial view (the so-called 3D angle, Figure 2), exactly in the plane containing the axis, thus overcoming any issue associated with severe deformity or malpositioning of the foot. In fact, this 3D angle was always found to be different from any of its projections in the anatomical planes (Table 1 and Table 2).



In particular, this study shows that the modified Grice–Green surgical procedure can improve foot alignment at the talus by correcting its drop down and at the subtalar joint by reestablishing more physiological values of the angle between the talus and the calcaneus in all three anatomical planes (_TACA angles) and also between the talus and the first metatarsal bone (RL_TAM1), i.e., the Meary’s angle. As expected by the surgeons, the 3D corrections observed were not only at the rearfoot where the arthrodesis was performed but also at the forefoot (Figure 1C); this of course cannot be represented by traditional radiography. Possibly because of the improvement in foot alignment, a significant improvement was also observed in the clinical outcomes, with patients showing a larger range of motion of the major foot joints and reporting a better foot function, lower discomfort, and less pain following surgery. In any case, the present encouraging results can now further support the surgeons for the present original surgical technique. The present work also contributes to the recent investigations of possible correlations between radiological and clinical observations, as recommended in the current literature [24]. As mentioned above, a variety of surgical procedures can correct alignment of the foot arches [4,5,6]. To the best of the authors’ knowledge, the present study is among the few reporting clinical outcomes and bone alignments after surgery in a population with AAFD symptoms, but the same technique can be used for many other corrective surgical treatments on the foot.



In a recent paper, normal values of bony relationships at the normal foot and ankle have been reported in 3D from weight-bearing CT [25]. The study used slightly different techniques for these measures, i.e., bone segmentation and axis calculations, but some of these measurements provide a valuable comparison with the present results. For the calcaneal inclination angle in the sagittal plane (or also calcaneal pitch), i.e., IL_CA, a mean value of 21.9° and a standard deviation of 5.1° were reported; the present trend is from 8.3° pre-op to 11.7° post-op, thus showing for these patients a tendency, however small, toward a more normal inclination of the calcaneus after surgery, which is not obvious knowing the surgical procedure. For the so-called Talar—1st Metatarsal angle in the sagittal plane (Meary’s angle), i.e., RL_TAM1, a mean value of 4.6° (clearly an apex dorsal) and a standard deviation of 6.5° were reported; this compares very well with the present trend from an apex plantar of 13.2° pre-op to the corrected apex dorsal 7.6° post-op, apparently implying a medial longitudinal arch of the present patients that is overcorrected after surgery.



In addition to the present evidence in 3D of a successful correction of the major foot deformities, the present study shows considerable clinical improvements after the modified Grice–Green arthrodesis, according to previous work [2,8,26]. FPI and FFI improved in the present population from preoperative to postoperative, and pain was significantly reduced. The physiologic FPI for a nonpathologically normal arch is approximately +4 [27] or a slightly pronated foot posture, which is consistent with the postoperative FPI observed here. It can be speculated that the pain relief was due to the more physiologic alignment of the middle tarsal joints (calcaneo-cuboid and talo-navicular joints) after subtalar arthrodesis. This may concur with better biomechanics of the foot when walking [12]. Traditional radiographic and score system evaluations can show general improvements after any foot surgery, but these cannot show the exact corrections of the overall foot bone architecture in 3D.



Some limitations should be mentioned for this study. First, this is an initial investigation, which was conducted only on ten patients after the modified Grice–Green method. Additional studies using 3D radiological analyses from CBCT scans but with larger sample sizes are necessary to further support the present original results. The present measurements focused on the rearfoot, where the surgical correction was performed; the effects on mid- and fore- foot could have been investigated, but this would have been affected by the different stiffnesses of these foot compartments and also would have implied huge datasets. Another issue is the varus/valgus of the calcaneus, i.e., RF_TICA, which is a very difficult measure to take [28], as demonstrated in a previous work by the present authors [29]; nevertheless, in the present work, aimed at comparing pre- versus post-op measurements, the effect of a possible different technique for this angle would be very small. The present thorough 3D analysis implies expensive radiographic devices and software, as well as very time-consuming computer-aided activities of specialized staff (particularly the semi-automatic segmentation). However, the current trend is toward a reduction in the necessary time and relevant costs. Finally, it should be pointed out that due to the emergency situation caused by the COVID19 pandemic, it was not possible to assess the patients at exactly the same follow-ups, with patients evaluated over a large spectrum of times after surgery. Nevertheless, the skeletal architecture achieved at 6 months follow-up in these patients is expected to be maintained afterwards.




5. Conclusions


In conclusion, the present original analysis from modern cone-beam CT scans precisely shows the correction of foot and ankle bone alignments achieved using the Grice–Green surgical procedure, finally in 3D and in weight-bearing. For the first time, traditional clinical and score system evaluations are reported together with bone orientation and joint angles in the three anatomical planes.
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Figure 1. Three-dimensional models of the bones of a left foot (patient #8) before (A) and after (B) surgery, in their anatomical reference frames; with darker grey, those 5 bones here were analyzed for the alignments. The corticocancellous autograft between the talus and calcaneus, definitely scanned after surgery, was removed (B) via the special segmentation procedure performed in the present work. In (C), the two 3D foot models (with mid-foot bones removed) were registered over the calcaneus, for a clearer depiction of all the other changes. The exact corresponding clinical and radiographic measures for this patient can be found in Table 1 and Table 2, but the following large corrections can be depicted: CA valgus (both from clinical and radiographic measures), TA and CA orientation in the sagittal plane, TACA and TANA joint angles in the transverse plane. Relevant corrections can also be appreciated at the forefoot (C). 
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Figure 2. Depiction of four exemplary angles, also with their values (in red), in a typical normal left foot. (A): IL_CA, (B): RL_CAM1, (C): RT_TACA, (D): I3_CA. 
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Table 1. Clinical and bone alignment measurements for each patient: pre-operative values.
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Pre-Op

	
Clinical Scores

	
Bone Alignments




	
Patient

	
FPI

	
TT

Dorsi

	
TT

Pla

	
Valgism

of Allux

	
Calcaneal

Valgism

	
FFI

(%)

	
IL_TA

	
IL_CA

	
I3_CA

	
RF_TICA

	
RL_TACA

	
RT_TACA

	
R3_TACA

	
RT_TANA

	
RL_CAM1

	
RL_TAM1






	
#1

	
12

	
0

	
40

	
5

	
15

	
52.4

	
17.5

	
−17.2

	
−17.1

	
28.1

	
34.6

	
−14.0

	
36.3

	
−28.7

	
149.0

	
−3.6




	
#2

	
6

	
7

	
45

	
3

	
10

	
67.1

	
22.6

	
−12.3

	
−12.2

	
41.0

	
34.9

	
−21.8

	
38.9

	
−42.7

	
150.3

	
−5.2




	
#3

	
12

	
10

	
10

	
7

	
15

	
84.7

	
27.6

	
−7.8

	
−7.8

	
43.5

	
35.5

	
−28.4

	
41.8

	
−69.5

	
161.8

	
−17.2




	
#4

	
12

	
20

	
40

	
15

	
20

	
18.2

	
30.3

	
−5.3

	
−5.2

	
77.9

	
35.6

	
−4.7

	
34.9

	
−31.2

	
164.1

	
−19.7




	
#5

	
12

	
2

	
25

	
10

	
19

	
67.7

	
20.5

	
−7.9

	
−7.7

	
61.0

	
28.3

	
−4.6

	
27.9

	
−53.8

	
169.2

	
−17.6




	
#6

	
10

	
20

	
40

	
10

	
20

	
57.1

	
34.9

	
−7.7

	
−7.5

	
65.5

	
42.6

	
−32.3

	
46.3

	
−69.1

	
159.0

	
−21.6




	
#7

	
12

	
5

	
27

	
4

	
10

	
34.7

	
33.2

	
−5.0

	
−5.0

	
48.9

	
38.2

	
−37.0

	
47.5

	
−65.0

	
165.2

	
−23.3




	
#8

	
8

	
15

	
45

	
5

	
15

	
79.4

	
20.9

	
−11.7

	
−11.7

	
39.6

	
32.7

	
−12.8

	
33.8

	
−39.5

	
151.9

	
−4.6




	
#9

	
12

	
0

	
40

	
17

	
10

	
76.5

	
21.5

	
−5.0

	
−4.9

	
48.7

	
26.4

	
−16.2

	
29.8

	
−44.1

	
162.8

	
−9.2




	
#10

	
10

	
10

	
10

	
5

	
10

	
69.4

	
25.4

	
−3.1

	
−3.0

	
70.1

	
28.4

	
−34.6

	
41.0

	
−58.5

	
161.5

	
−10.0




	
Mean

	
10.6

	
8.9

	
32.2

	
8.1

	
14.4

	
60.7

	
25.4

	
−8.3

	
−8.2

	
52.4

	
33.7

	
−20.6

	
37.8

	
−50.2

	
159.5

	
−13.2




	
SD

	
2.0

	
7.5

	
13.5

	
4.8

	
4.2

	
20.8

	
5.9

	
4.3

	
4.3

	
15.6

	
4.9

	
12.0

	
6.5

	
15.1

	
6.8

	
7.5











 





Table 2. Clinical and bone alignment measurements for each patient: post-operative values.
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Post-Op

	
Clinical Scores

	
Bone Alignments




	
Patient

	
FPI

	
TT

Dorsi

	
TT

Pla

	
Valgism

of Allux

	
Calcaneal

Valgism

	
FFI

(%)

	
IL_TA

	
IL_CA

	
I3_CA

	
RF_TICA

	
RL_TACA

	
RT_TACA

	
R3_TACA

	
RT_TANA

	
RL_CAM1

	
RL_TAM1






	
#1

	
0

	
2

	
35

	
5

	
15

	
2.9

	
6.2

	
−23.0

	
−17.7

	
47.5

	
29.2

	
−4.6

	
23.2

	
−9.4

	
133.7

	
17.1




	
#2

	
4

	
10

	
45

	
3

	
4

	
12

	
6.0

	
−12.2

	
−11.4

	
51.6

	
18.2

	
−0.7

	
16.9

	
−3.4

	
150.5

	
11.4




	
#3

	
1

	
10

	
20

	
7

	
15

	
7.1

	
15.2

	
−9.7

	
−9.7

	
38.9

	
25.0

	
−24.6

	
34.2

	
−55.1

	
156.4

	
1.5




	
#4

	
3

	
20

	
35

	
10

	
3

	
5.3

	
16.7

	
−10.2

	
−10.2

	
43.7

	
26.9

	
−5.0

	
27.3

	
−1.4

	
149.7

	
3.5




	
#5

	
5

	
2

	
25

	
6

	
10

	
56.5

	
16.7

	
−8.0

	
−7.9

	
53.3

	
24