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Background and aims: Surgical procedures for central metatarsalgia seek to harmonise the metatarsal parabola with osteotomies that can be performed by minimally invasive techniques. However, the possible relationship of the foot type and the mid-term postoperative outcome is poorly described. The objective of this prospective pilot study was therefore to determine whether the foot type (pronate, neutral, or supinate) conditions the postoperative mid-term functional outcome.

Methods: A series of 28 patients (6 men, 22 women) were treated for primary central metatarsalgia by means of minimally invasive distal metaphyseal osteotomy (DMMO).

Results: Their functional outcomes at 6 and 12 months were assessed by the self-reporting AOFAS scale. Pre-surgery, the patients' scores were 42.82 ± 15.60. Scores improved at 6 months to 86.50 ± 8.6 and to 92.93 ± 8.6 at 12 months (p < 0.001 in both cases). There were no differences either by sex or by foot type in these overall values, although there was only a slight limitation of interphalangeal mobility in the supinated feet (p = 0.03) at 6-month follow-up as compared to other foot types.

Conclusion: Hence, DMMO provides an optimal clinical and functional outcome for the surgical treatment of metatarsalgia, regardless of the patient's foot posture. The occurrence of adverse events was minimal and clinically irrelevant.

Trial registration: The study was authorised by the Research Ethics Committee of the Universidad Católica de Valencia San Vicente Mártir, with the registry UCV/2018-2019/019.
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INTRODUCTION

Metatarsalgia is a condition affecting the forefoot, characterised by pain under the central metatarsal heads that may also be associated with skin lesions (1). When the pain is related to alteration in the length of the metatarsals [mainly the second (2)] the term “dynamic metatarsalgia” is used (3–6). The prevalence of metatarsalgia is about 10% in the population, with female preponderance (7). An estimated 80% of the general population may experience symptoms of metatarsalgia at some point in their life. Biomechanical alterations are the main aetiological factor, accounting for 92 % of all aetiological factors (8).

There is disagreement among studies regarding the condition's ætiology. Some indicate that the presence of a longer metatarsal corresponds to excess loading, causing an increase in the plantar pressure under the affected metatarsal head (1, 3, 4, 9), and consequent metatarsal pain, while others find no such correspondence (8–10). With respect to the relative lengths of the metatarsals, (11) established a radiographic criterion for the surgical approach to forefoot pathology in which the length of the central metatarsals should be harmonised with that of the first metatarsal. In 62% of the group they studied with hallux valgus, metatarsals four and five presented hypoplasia, with the consequent exaggerated lengths of metatarsals two and three leading to metatarsalgia in this zone.

The presence of central metatarsalgia may be related to structural alterations of the foot, although there is no clear relationship of its prevalence with flat or cavus feet, or with other disorders such as intermetatarsal neuromas which have not been found to be more frequent in any specific posture or form of the foot (12). It may also be related to other biomechanical alterations, such as functional or anatomical equinus during the second rocker of the cycle and at the beginning of the propulsive phase (13). In attempt to unify all these etiological and biomechanical factors that cause metatarsalgia (excessive length or plantarflexion of one or more metatarsals, equinus foot, cavus foot, protrusion of a metatarsal head) and in order to address the treatment, whether conservative or surgical, this type of metatarsalgia is classified as primary metatarsalgia (1, 3). Other alterations, such as flat or pronated foot, have been related to the appearance of painful symptoms (14, 15). These alterations are also indicators of difficulties in performing tasks involving weight-bearing, so that a structural-functional evaluation must be taken into account in assessing what treatment to perform (16).

Despite the good outcomes provided by the commonly used conservative treatments (17–21), such as stretching exercises, shoe modifications, accommodative insoles or orthotics with arch support, these measures have low levels of recommendation (Level I) as options for treatment (1, 3, 4). When conservative treatment fails, surgical treatment is frequently implemented (22, 23), with the aim of restructuring the metatarsal parabola (24) by shortening the affected (and sometimes some of the adjacent) metatarsals (25). Various studies have proven the efficacy of minimally invasive distal metaphyseal osteotomy (DMMO). For example, (26, 27) achieved post-operative AOFAS scale scores of 86.5 and 88 with DMMO, as against 85.3 and 86, respectively, obtained with Weil's osteotomy. Indeed, AOFAS scores of up to 95.26 points have been achieved with DMMO (25). Similarly, studies that used another scale–the Manchester-Oxford Foot Questionnaire–have also reported acceptable (28) or good (29) improvements, with outcomes reaching a score of 31 (the lower the score, the better the outcome) in isolated metatarsal surgery (5).

However, to the best of the authors' knowledge, the relationship that the foot type may have to the post-operative outcome in the medium term remains unknown. Our hypothesis for this study is that clinical and functional outcomes after minimally invasive surgery for central metatarsalgia could be influenced by the foot morphology type (supinated, neutral or pronated) in accordance with the Foot Posture Index. Previous baropodometric research has found that the centre of head metatarsal pressures varies during walking in accordance with the spectrum of foot types (30). The larger area of lateral centre-of-pressure excursion was found in supinated feet, and the smaller in healthy people with pronated feet. It therefore seems relevant to analyse whether the variations of plantar kinematic related to foot morphology could have an impact on the outcomes after surgery for central metatarsalgia. This issue has never been addressed in the literature.

Thus, the objective of this study was to determine whether the patient's foot type (supinate, neutral or pronate) influenced the functional outcome at 6 and 12 months after DMMO for primary metatarsalgia in the second and the third metatarsals.



MATERIALS AND METHODS


Study Design

A prospective study of 12 months' duration was conducted on a cohort of patients who required surgical treatment for central metatarsalgia after failed conservative therapies. The sample consisted of 28 participants (6 men and 22 women), with a mean age of 57.8 ± 9.9 years.



Inclusion and Exclusion Criteria

Those included were male and female patients over 18 years in age who attended the centre where the study was carried out, this centre was the Podocen clinic, in Madrid; subjects recruitment was carried out in the time period April-June 2019, with a diagnosis of central metatarsalgia, which was localised in the second and third metatarsal heads. Patient recruitment occurred on a consecutive basis among the patients who had to have prior failed conservative treatment for at least a 1-year period. The subjects voluntarily agreed to participate, signing their informed consent to the corresponding intervention and study, and indicating that they would be available for follow-up at 6 and 12 months. The difference between the number of female vs. male subjects under study is a chance finding due to the consecutive recruitment of patients eligible for surgical treatment according to their admission to the centre where the study was conducted.

Patients who had undergone previous central metatarsal surgery, who had evident lower limb asymmetries, inflammatory arthropathies, paralysis of some lower limb muscle group, or hindfoot alterations (joint stiffness, osteoarthritis, posttraumatic deformity, e.g.,) that affected the overall position of the rear foot were excluded (more than 5° varus or valgus).

The study was authorised by the Research Ethics Committee of the Universidad Católica de Valencia San Vicente Mártir, with the registry UCV/2018-2019/019.



Protocol


Measurement of Foot Posture

To classify each patient's foot type, the Foot Posture Index (FPI) was determined prior to surgery (31). The FPI is a validated method of quantifying foot posture, comprising 6 criteria based on observation of the forefoot and hindfoot with the patient standing. The hindfoot is evaluated by palpating the head of the talus, observing the curves above and below the malleoli, and the range of motion in inversion/eversion of the calcaneus. The forefoot is evaluated by observing the prominence of the talar-scaphoid joint, the congruence of the internal longitudinal arch, and the range of motion in abduction/adduction of the forefoot. Each item is scored from - 2 to 2, with the resulting total score being from - 12 to 12 (29, 30). The patients were classified into 3 groups: supinate (FPI - 12 to - 1, n = 13), neutral (FPI 0 to 5,13, n = 6), and pronate (FPI 6 to 12, n = 9).



Clinical Scale

The pertinent pre-operative tests were administered to each patient, and the AOFAS scale was completed including the minor metatarsophalangeal-interphalangeal joints subscale (32). The AOFAS scale assesses such subjective aspects as pain (characterised as severe, moderate, medium, or absent) and functional activity (severe limitations in daily activities, limitations in daily activities, limitations in recreational activities, or no limitations). These subjective values sum to a maximum of 60 points and, together with the examiner's objective analysis (40 points), constitute a measure of the patient's outcome (100 points) in terms of digital alignment, mobility, and stability. Scores of 90–100 are considered excellent, 72–89 good, 41–71 fair and below 40 poor. Scores of 91.0 or more would be values for individuals with no pathology, and so could be considered a threshold for the surgical treatment to be regarded as totally satisfactory (33).



Surgical Technique

For all the patients, the surgical procedure applied was DMMO of the 2nd and 3rd metatarsals. All patients were operated on an outpatient basis, the anaesthetic protocol consisted of an anaesthetic ankle block using 2% mepivacaine, as none of the patients were allergic to this drug. A 2-mm incision was made laterally and parallel to the extensor digitorum longus muscle with a Beaver #64 scalpel, at the level of the metatarsal head (Figure 1A). The incision was deepened at 45° angulation until the metatarsophalangeal capsule was reached, advancing the incision at the same angle to open the capsule and reach the cortex of the metatarsal neck. The cortex was marked at this point with the scalpel blade under fluoroscopic imaging to avoid unwanted movements of the burr when cutting (Figure 1B).


[image: Figure 1]
FIGURE 1. Details of the surgical technique. (A) Surgical incision of the 3rd metatarsal; (B) Position of the burr; (C) Performance of the osteotomy; (D) Fluoroscopic control of the metatarsal osteotomy.


A micromotor with rpm control and a speed reduction and high-torque handpiece were used to minimise bone damage at the time of osteotomy. The burr used was an Isham Straight Flute Shannon 2.0 x 12.0 (mm) (Vilex Inc., McMinnville, Tennessee, USA). The angulation of the osteotomy was 45° with respect to the metatarsal's diaphyseal axis, with the burr direction intracapsular from distal dorsal to proximal plantar. The osteotomy was started on the lateral of the metatarsal neck with 45° angulation, ending the cut dorsally with the burr positioned perpendicular to the metatarsal axis and parallel to the metatarsal articular facet (Figures 1C,D).

The incision was closed with a single discontinuous suture of 4/0 monofilament nylon, and a bandage was applied using strips of Hypafix non-woven tape (BSN medical GmbH, Hamburg, Germany) to maintain fixation of the osteotomy. The patients were allowed to walk wearing a rigid sole, full support post-operative shoe (Darco International, Huntington, WV, USA). The first follow-up under fluoroscopy was performed at 72 h after surgery, and then at weekly visits to change the bandaging for 4–6 weeks until consolidation of the osteotomy was confirmed under the fluoroscopy. There are variations in the way of performing DMMO osteotomies. In this study, we used the intracapsular osteotomy, as in the López-Vigil study (25).



Follow-Up

Post-operative follow-up was carried out according to professional criteria. Patients did not follow any postoperative physical therapy program and they did not received any other additional treatment. The patients were asked to visit the centre where the procedure had been performed for AOFAS scale measurements at 6 months and at 12 months post-intervention. These periods represent normalisation of gait after the disappearance of residual œdema and any type of pain related to the intervention (25, 34).




Statistical Analysis

With the sample comprising fewer than 30 subjects, the Shapiro-Wilk test was used to check for the normality of the data. For all the parameters, both pre-operative and post-operative, p-values < 0.05 were found, evidence that the data were not normally distributed. Thus, non-parametric statistical tests were used: (i) the Wilcoxon signed-rank test (related samples) for comparisons of the AOFAS scores at the three moments (prior to surgery, and 6 and 12 months post-surgery); and (ii) the Mann-Whitney U test for comparison of the AOFAS scores by sex (independent samples). The Kruskal-Wallis test was used for comparison of the AOFAS score with the overall classification of the groups of feet and in each of the dimensions of the AOFAS scale. The significance level was set at p < 0.05. All statistical tests were performed with SPSS vn 25 (SPSS INC, IBM, Chicago, IL).




RESULTS


Sample Characteristics

Table 1 displays the anthropometric and clinical profile of the total sample, stratified by sex. As expected, males were heavier and taller than females (p < 0.05 and p < 0.01, respectively). However, there were no differences in BMI or foot laterality. The FPI assessment showed that the most frequent foot morphology type was the pronated (13 cases), followed by supinated (9 cases). Neutral feet accounted for only six cases. There were no statistically significant differences in the distribution of foot types by sex.


Table 1. Anthropometric and clinical characteristics of the sample.
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Postoperative Adverse Events

In the mid post-operative period, 10 patients developed edema at the surgical area that had disappeared at the last planned follow-up. There were also two cases with residual pain – one due to severe alterations in the associated hindfoot pathology (pronated foot), and the other due to excessive mechanical demands required by his work situation. No patient presented a delay in bone healing, non-union, floating toe, or stiffness of the metatarsophalangeal joint. At the end of follow-up, only one patient exhibit relapsed metatarsalgia for insufficient retraction and elevation of the metatarsal head. The limited number of complications does not seem to be related to the final result, since there is no significant statistical deviation in the final score of the AOFAS scale, as a whole or in any of its subscales (pain, alignment, function).



AOFAS and VAS Scores for the Overall Sample and According to Sex

The overall sample's pre-operative AOFAS score on the clinical scale was 42.8 ± 15.6. At 6 months it had increased significantly to 86.5 ± 8.6 (p < 0.001) and at 12 months to 92.9 ± 8.6 (p < 0.001). On the functional scale, the results showed no significant differences by sex. The pre-operative scores were 41.5 ± 14.6 in females and 47.5 ± 19.5 in males (p = 0.339). At 6 months, they were 85.9 ± 9.6 in females and 88.7 ± 3.5 in males (p = 0.715), and at 12 months, 92.4 ± 9.6 in females and 94.7 ± 2.9 in males (p = 0.752). AOFAS total scores before surgery corelated with BMI (r = - 0.416; p = 0.028); that is, higher BMI with corresponded lower AOFAS scores (Figure 2).
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FIGURE 2. Correlation between AOFAS total scores and BMI in the whole sample.


Concerning metatarsal pain assessed by the Visual analogic scale (VAS), the mean preoperative score for the whole sample was 7.7 ± 1.0, 0.7 ± 1.1 at 6-month follow-up and 0.3 ± 0.9 at 12-month follow-up. Except for the preoperative scores, males referred lower VAS scores than females at the two assessment stages of the follow-up, but without statistically significant differences (males vs. females preoperative scores: 8.2 ± 0.7 vs. 7.5 ± 1.1; 6-month scores: 0.6 ± 0.7 vs. 0.7 ± 1.1; 12-month scores: 0.0 ± 0.0 vs. 0.4 ± 1.0).



AOFAS and VAS Scores by Foot-Type Group

Table 2 shows the preoperative AOFAS scores and those at 6 and 12-month follow-up, discriminating by foot morphology type. There were no significant differences in total AOFAS between the foot types at the preoperative assessment (p = 0.581), neither at 6-month (p = 0.352) nor 12-month follow-up (p = 0.979). Table 2 presents also the results of the 3 AOFAS subscales (pain, function and alignment) scored by foot type. There were no differences among the 3 foot types at any of the check-ups. However, when scores were analysed by comparing pairs, supinated feet showed fewer functional limitations than to neutral feet (Mann-Whitney test; Z:-2.152 p = 0.031). Supinated feet showed also a trend towards, less preoperative pain (higher AOFAS pain scores), but without statistical significance. Supinated feet showed more misalignment (lower AOFAS alignment scores) than pronated feet (Mann-Whitney test; Z: - 1.943; p = 0.049). In the preoperative evaluation, AOFAS scores for function correlated positively with AOFAS alignment scores (r = - 0.525; p = 0.004).


Table 2. AOFAS scores and metatarsal pain assessed by the VAS according to foot type.

[image: Table 2]

As to VAS scores for the whole sample, the improvement induced by the surgical treatment was clearly evident for all foot types. Similar to AOFAS pain scores, supinated feet showed lower VAS scores than pronated feet (Mann-Whitney test; Z:- 2.103; p = 0.035). There was a good correlation between AOSFAS pain subscale and WAS scores before surgery (r = - 0.674; p = 0.000) and 12 months after surgery (r = - 0.888; p = 0.000). AOFAS scores for pain correlated with function scores at the 12-month follow-up, but not at the preoperative assessment (Figure 3).


[image: Figure 3]
FIGURE 3. Positive correlation between AOFAS Pain and function scores at 12-month follow-up, but not at the preoperative assessment.


The detailed results of the different dimensions of the AOFAS function subscale are shown in Table 3. In the preoperative evaluation, neutral feet exhibited almost complete Metatarsal-phalangeal joint MTP joint motion. Differences with supinated feet were statistically significant (Mann-Whitney test; Z:4.667; p = 0.031). The restoration of the IP joint motion was not complete in supinated feet. In fact, at 6 months the supinate feet presented less interphalangeal mobility (3.3 points) than the neutral (5 points) or pronate (5 points) feet (Table 3, p = 0.033). There were no differences between foot types for the remaining parameters of the scale (p > 0.05 in all cases, Table 3).


Table 3. Dimensions of the AOFAS function subscale according to the foot type.
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DISCUSSION

That we were unable to detect differences between the 3 groups of feet despite the general improvement observed in the overall sample may be due to the great specificity of the AOFAS scale for minor interdigital and metatarsophalangeal joints. In evaluating a relatively small zone, it is possible either that the foot type has no influence on the surgical outcome or that this scale is unable to detect it.

The improvement in the dimensions of pain, functionality, and alignment were practically homogeneous across the 3 foot types. There is only poorer mobility of the interphalangeal toe joint in the supinate feet. This may be due to the great tendinous retraction of the supinate feet, which probably also present a morphology close to pes cavus. In this type of foot, the tendon retraction causes claw toes during the propulsive phase of gait, maintaining plantarflexion of the metatarsal head and the appearance of metatarsalgia (3, 13). This finding should make us focus future attention on improving this result. Subsequent investigations could perhaps add minimally invasive tenotomies that relax the dorsal tendinous retraction, even though they do not negatively impact the overall outcome, the aim being to counter the reduced mobility of this joint.

It is clear from the literature that DMMO, with follow-up periods similar to those applied in this present study, yields excellent results in patients with primary metatarsalgia. Indeed, this osteotomy seems to achieve outcomes comparable to those obtained with Weil's osteotomy (26, 27), while having the advantage of involving less limitation of the MTP joint's motion, possibly due to a reduction of soft tissue damage and of interference with the blood supply to the metatarsal head (35–37).

Second and third metatarsal DMMO has thus shown adequate efficacy to guarantee clinical and functional improvement in the patients of our cohort. The outcomes at 6 months were good (86.5 points), and at 12 months (92.9 points) were within the excellent range, with scores comparable to those of non-pathological feet (33). Our study's values were similar to those reported by López-Vigil (24) who, with similar minimally invasive techniques, were able to improve the clinical status from 50.3 points pre-operatively to 95.2 points at an average of 18 months after surgery. Both the present study and that by López-Vigil (25) reached higher post-operative scores than those for the DMMO technique reported by (27) with 88 points at 6 months, (24) with 84.1 at 58.7 months on average, and (26) with 86.5 points at 14 months after surgery.

With respect to the outcomes in the different dimensions of the AOFAS scale, in our cohort, metatarsophalangeal motion functionality presented post-operative scores at 6 and 12 months of 10.00 in the supinate and normal foot subgroups and 9.23 in the pronate foot subgroup. This indicates recovery of complete mobility, without the appearance of complications such as joint stiffness or floating toe. These findings are consistent with those of (24) and (29) who also reported the absence of persistent joint stiffness in their cohorts. Our results are significant improvements in metatarsophalangeal joint stiffness relative to those reported by (24, 26, 27, 38), with a variability of between 4 and 34% in their DMMO cohorts.

In our cohort, there were no differences by foot type in the recovery of metatarsophalangeal mobility after DMMO. This may be related to the choice of the point at which to perform the osteotomy, as it was done intracapsularly. This does not damage the plantar plate (25), and the reduced need for recovery of the soft tissues surrounding the joint could be related to the absence of post-operative stiffness at 6 and 12 months.

Neither did the foot type appear to have any influence on the post-operative recovery of the central ray alignment dimension of the AOFAS scale. The scores went from starting values of 7.08 in the pronate foot, 2.67 in the neutral foot, and 2.56 in the supinate foot to values at the end of the study (12 months) of 13.92, 12.67 and 12.67, respectively. Our results for neutral and supinate feet were slightly lower than the mean score of 13.7 for non-pathological feet reported by (32). In the supinate feet, this could be due to the greater tendinous retraction with the consequent deviation of the middle toes, but a decrease in the values of just 1 point can also be considered a deviation reflecting the mean age of the patients.

In summary, the improvement in all the dimensions of the AOFAS scale, comparing the values to those obtained in feet without pathology, confirms that minimally invasive surgery improves pain, completely recovers mobility and stability of the metatarsophalangeal joints and allows patients to recover the use of conventional footwear in the medium term. This study has obtained better results on the AOFAS scale than similar studies of DMMO and Weil osteotomies, which confirms the minimally invasive osteotomy performed intracapsularly as a more recommendable option for patients due to the minimal number of complications.

This study has shown that there is no difference between foot type and the short- and mid-term outcome of surgical treatment of metatarsalgia with minimally invasive osteotomies, so that in clinical practice there is no need to adjust treatment in patients with pronated or neutral feet as the treatment works fully in all dimensions of the AOFAS scale. These findings are not influenced by the sex of the study subjects, as no significant differences were found between the two genders. However, the lesser improvement of the interphalangeal joint mobility dimension indicates the need to add another treatment to the affected toes to achieve full interphalangeal joint mobility of the toes.


Study Limitations

A limitation of the study could be the limited number of patients recruited in the cohort. Nevertheless, this is a pilot study; therefore, the number of participants can be considered sufficient to obtain promising results. Pilot studies do not require usually a determined calculation of the sample size. Another limitation is that the follow-up data is limited to 12 months after surgery, although this fact prompts us to continue the follow-up of these patients in order to assess the outcomes over a longer term. While there is a degree of controversy on the part of some authors over the use of the AOFAS scale (39, 40), it is still widely used as a clinical tool among foot surgeons (41, 42) and, in the present study, was disaggregated into each of its sections–pain, functionality, and alignment–in order to try to find the possible relationship between the different foot types according to the IPF and the improvements in outcome obtained after the intervention.




CONCLUSIONS

Independent of the foot type, DMMO performed at the 2nd and 3rd metatarsal provides satisfactory functional results, as shown by the improvement of the scores in the different dimensions of the AOFAS scale evaluated post-operatively at 6 and 12 months. At the end of follow-up, the AOFAS results were superior to those reported in the medical literature concerning metatarsal osteotomies. The current AOFAS results can be considered similar to those obtained in non-pathological feet. In addition, there was no distinction in the clinical and functional final scores according to the foot type of the patients in the cohort. The only difference was found in supinated feet, which showed a delay in the post-surgical recovery of the interphalangeal mobility at 6-month follow-up as compared to other foot types. Further research enlarging the sample size is required to confirm the promising results of DMMO technique for surgical correction of primary central metatarsalgia based on the few complications and the satisfactory clinical and functional outcomes found in the current series.



DATA AVAILABILITY STATEMENT

The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.



ETHICS STATEMENT

The study was authorised by the Research Ethics Committee of the Universidad Católica de Valencia San Vicente Mártir, with the registry UCV/2018-2019/019. This clinical practice observational study was performed in accordance with the ethical standards of the 1964 Declaration of Helsinki as revised in 2000 and those of Good Clinical Practice. All patients received a thorough explanation of this study and written informed consent to participate was obtained from the participants.



AUTHOR CONTRIBUTIONS

CN-R performed the surgeries, analyzed, and interpreted the data. JF-T contributed to the study concept and design, and participated in the figure designs. CN-R, MC-P, and ML-V carried out the data collection and analysis. AM-N contributed to the study concept and design, and the interpretation of data. CB participate in the study design, the statistical analysis, and was a major contributor in writing the manuscript. All authors read, discuss, and approved the final manuscript. The authors declare that this article represents honest work.



REFERENCES

 1. Besse JL. Metatarsalgia. Orthop Traumatol Surg Res. (2017) 103:S29–39. doi: 10.1016/j.otsr.2016.06.020

 2. Weil L, Fleischer AE, Klein EE, Ahmad M, Shah S, Catena F, et al. Association of abnormal metatarsal parabola with second metatarsophalangeal joint plantar plate pathology. Foot Ankle Int. (2017) 38:289–97. doi: 10.1177/1071100716674671

 3. Espinosa N, Maceira E, Myerson MS. Current concept review: metatarsalgia. Foot Ankle Int. (2008) 29:863–6. doi: 10.3113/FAI.2008.0000

 4. Lopez V, Slullitel G. Metatarsalgia: assessment algorithm and decision making. Foot Ankle Clin. (2019) 24:561–9. doi: 10.1016/j.fcl.2019.08.006

 5. Haque S, Kakwani R, Chadwick C, Davies MB, Blundell CM. Outcome of minimally invasive distal metatarsal metaphyseal osteotomy (DMMO) for lesser toe metatarsalgia. Foot Ankle Int. (2016) 37:58–63. doi: 10.1177/1071100715598601

 6. Gijon-Nogueron G, Garcia-Paya I, Ortega-Avila AB, Paez-Moguer J, Cervera-Marin JA. Changes in the parameters of gait after a mechanical debridement of a plantar callosities. J Tissue Viability. (2015) 24:12–6. doi: 10.1016/j.jtv.2014.12.001

 7. Fadel GE, Rowley DI. Metatarsalgia. Curr Orthop. (2002) 16:193–204. doi: 10.1054/cuor.2002.0269

 8. Arie EK, Moreira NSA, Freire GS, dos Santos BS, Yi LC. Study of the metatarsal formula in patient with primary metatarsalgia. Rev Bras Ortop. (2015) 50:438–44. doi: 10.1016/j.rboe.2015.06.018

 9. Kaipel M, Krapf D, Wyss C. Metatarsal length does not correlate with maximal peak pressure and maximal force. Clin Orthop Relat Res. (2011) 469:1161–6. doi: 10.1007/s11999-010-1615-y

 10. Stoupine A, Singh BN. A cadaveric study of metatarsal length and its function in the metatarsal formula and forefoot pathology. J Am Podiatr Med Assoc. (2018) 108:194–9. doi: 10.7547/16-159

 11. Maestro M, Besse JL, Ragusa M, Berthonnaud E. Forefoot morphotype study and planning method for forefoot osteotomy. Foot Ankle Clin. (2003) 8:695–710. doi: 10.1016/S1083-7515(03)00148-7

 12. Naraghi R, Bremner A, Slack-Smith L, Bryant A. The relationship between foot posture index, ankle equinus, body mass index and intermetatarsal neuroma. J Foot Ankle Res. (2016) 9:1–8. doi: 10.1186/s13047-016-017

 13. Maceira E, Monteagudo M. Mechanical basis of metatarsalgia. Foot Ankle Clin. (2019) 24:571–84. doi: 10.1016/j.fcl.2019.08.008

 14. Menz HB, Dufour AB, Riskowski JL, Hillstrom HJ, Hannan MT. Association of planus foot posture and pronated foot function with foot pain: the framingham foot study. Arthritis Care Res. (2013) 65:1991–9. doi: 10.1002/acr.22079

 15. Tong JWK, Kong PW. Association between foot type and lower extremity injuries: systematic literature review with meta-analysis. J Orthop Sports Phys Ther. (2013) 43:700–14. doi: 10.2519/jospt.2013.4225

 16. Menz HB. Dufour, AB Katz, P Hannan M. Foot pain and pronated foot type are associated with self-reported mobility limitations in older adults: the framingham foot study. Gerontology. (2016) 62:289–95. doi: 10.1159/000442089

 17. Araguas Garcia C, Corbi Soler F. The effect of plantar hyperkeratosis debridement on self-perception of pain levels in older people. Int J Gerontol. (2018) 12:314–8. doi: 10.1016/j.ijge.2018.05.002

 18. Gijón-Noguerón G, García-Paya I, Morales-Asencio JM, Jiménez-Cebrián A, Ortega-Ávila AB, Cervera-Marín JA. Short-term effect of scalpel debridement of plantar callosities versus treatment with salicylic acid patches: the EMEDESCA randomized controlled trial. J Dermatol. (2017) 44:706–9. doi: 10.1111/1346-8138.13720

 19. Holmes GB, Timmerman L. A quantitative assessment of the effect of metatarsal pads on plantar pressures. Foot Ankle Int. (1990) 11:141–5. doi: 10.1177/107110079001100304

 20. Postema K, Burm PE, Zande ME, Limbeek JV. Primary metatarsalgia: the influence of a custom moulded insole and a rockerbar on plantar pressure. Prosthet Orthot Int. (1998) 22:35–44. doi: 10.3109/03093649809164455

 21. Kang JH, Chen MDer, Chen SC, Hsi WL. Correlations between subjective treatment responses and plantar pressure parameters of metatarsal pad treatment in metatarsalgia patients: a prospective study. BMC Musculoskelet Disord. (2006) 7:1–8. doi: 10.1186/1471-2474-7-95

 22. Espinosa N, Brodsky JW, Maceira E. Metatarsalgia. J Am Acad Orthop Surg. (2010) 18:474–85. doi: 10.5435/00124635-201008000-00004

 23. Barouk P, Barouk LS. Clinical diagnosis of gastrocnemius tightness. Foot Ankle Clin. (2014) 19:659–67. doi: 10.1016/j.fcl.2014.08.004

 24. Biz C, Corradin M, Kanah WTK, Dalmau-Pastor M, Zornetta A, Volpin A, et al. Medium-long-term clinical and radiographic outcomes of minimally invasive distal metatarsal metaphyseal osteotomy (DMMO) for central primary metatarsalgia: do maestro criteria have a predictive value in the preoperative planning for this percutaneous technique? Biomed Res Int. (2018) 2018:1–12. doi: 10.1155/2018/1947024

 25. Lopez-Vigil M, Suarez-Garnacho S, Martín V, Naranjo-Ruiz C, Rodriguez C. Evaluation of results after distal metatarsal osteotomy by minimal invasive surgery for the treatment of metatarsalgia: patient and anatomical pieces study. J Orthop Surg Res. (2019) 14:121. doi: 10.1186/s13018-019-1159-0

 26. Henry J, Besse JL, Fessy MH. Distal osteotomy of the lateral metatarsals: a series of 72 cases comparing the weil osteotomy and the DMMO percutaneous osteotomy. Orthop Traumatol Surg Res. (2011) 97:S57–65. doi: 10.1016/j.otsr.2011.07.003

 27. Yeo NEM, Loh B, Chen JYQ, Yew AKS, Ng SY. Comparison of early outcome of weil osteotomy and distal metatarsal mini-invasive osteotomy for lesser toe metatarsalgia. J Orthop Surg. (2016) 24:350–3. doi: 10.1177/1602400315

 28. McMurrich W, Peters A, Ellis M, Shalaby H, Baer G, MacDonald D, et al. MIS distal metatarsal metaphyseal osteotomy in the treatment of metatarsalgia: MOXFQ patient reported outcomes. Foot. (2020) 43:101661. doi: 10.1016/j.foot.2019.101661

 29. Malhotra K, Joji N, Mordecai S, Rudge B. Minimally invasive distal metaphyseal metatarsal osteotomy (DMMO) for symptomatic forefoot pathology – short to medium term outcomes from a retrospective case series. Foot. (2019) 38:43–9. doi: 10.1016/j.foot.2018.12.003

 30. Wong L, Hunt A, Burns J, Crosbie J. Effect of foot morphology on center-of-pressure excursion during barefoot walking. J Am Podiatr Med Assoc. (2008) 98:112–7. doi: 10.7547/0980112

 31. Redmond AC, Crosbie J, Ouvrier RA. Development and validation of a novel rating system for scoring standing foot posture: the foot posture index. Clin Biomech. (2006) 21:89–98. doi: 10.1016/j.clinbiomech.2005.08.002

 32. Kitaoka HB, Alexander IJ, Adelaar RS, Nunley JA, Myerson MS, Sanders M. Clinical rating systems for the ankle-hindfoot, midfoot, hallux, and lesser toes. Foot Ankle Int. (1994) 15:349–53. doi: 10.1177/107110079401500701

 33. Schneider W, Jurenitsch S. Normative data for the american orthopedic foot and ankle society ankle-hindfoot, midfoot, hallux and lesser toes clinical rating system. Int Orthop. (2016) 40:301–6. doi: 10.1007/s00264-015-3066-2

 34. Nieto-García E, Ferrer-Torregrosa J, Ramírez-Andrés L, Nieto-González E, Martinez-Nova A, Barrios C. The impact of associated tenotomies on the outcome of incomplete phalangeal osteotomies for lesser toe deformities. J Orthop Surg Res. (2019) 14:308. doi: 10.1186/s13018-019-1353-0

 35. Redfern D. Treatment of metatarsalgia with distal osteotomies. Foot Ankle Clin. (2018) 23:21–33. doi: 10.1016/j.fcl.2017.09.004

 36. Redfern D, Vernois J, Legré BP. Percutaneous surgery of the forefoot. Clin Podiatr Med Surg. (2015) 32:291–332. doi: 10.1016/j.cpm.2015.03.007

 37. Rivero-Santana A, Perestelo-Pérez L, Garcés G, Álvarez-Pérez Y, Escobar A, Serrano-Aguilar P. Clinical effectiveness and safety of Weil's osteotomy and distal metatarsal mini-invasive osteotomy (DMMO) in the treatment of metatarsalgia: a systematic review. Foot Ankle Surg. (2019) 25:565–70. doi: 10.1016/j.fas.2018.06.004

 38. Johansen JK, Jordan M, Thomas M. Clinical and radiological outcomes after Weil osteotomy compared to distal metatarsal metaphyseal osteotomy in the treatment of metatarsalgia—a prospective study. Foot Ankle Surg. (2019) 25:488–94. doi: 10.1016/j.fas.2018.03.002

 39. Baumhauer JF, Nawoczenski DA, DiGiovanni BF, Wilding GE. Reliability and validity of the american orthopaedic foot and ankle society clinical eating scales: a pilot study for the hallux and lesser toes. Foot Ankle Int. (2006) 27:1014–9. doi: 10.1177/107110070602701202

 40. Shazadeh Safavi P, Janney C, Jupiter D, Kunzler D, Bui R, Panchbhavi VK, et al. systematic review of the outcome evaluation tools for the foot and ankle. Foot Ankle Spec. (2019) 12:461–70. doi: 10.1177/1938640018803747

 41. Leigheb M, Vaiuso D, Rava E, Pogliacomi F, Samaila EM, Grassi FA, et al. Translation, cross-cultural adaptation, reliability, and validation of the italian version of the american orthopaedic foot and ankle society-meta tarsophalangealinterphalangeal scale (AOFAS-MTP-IP) for the hallux. Acta Biomed. (2019) 90:118–26. doi: 10.23750/abm.v90i12-S.8978

 42. SooHoo NF, Shuler M, Fleming LL. Evaluation of the validity of the AOFAS clinical rating systems by correlation to the SF-36. Foot Ankle Int. (2003) 24:50–5. doi: 10.1177/107110070302400108

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Naranjo-Ruiz, Martínez-Nova, Canel-Pérez, López-Vigil, Ferrer-Torregrosa and Barrios. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fsurg-08-748330-t002.jpg
Pronated

(n=13)
AOFAS Total

Preop. 408+ 17.2
6-monthFU 893+ 6.1
12-montFU 94253
AOFAS Pain

Preop. 10.7 £ 104
6-month FU 361 % 5.1
12:montFU  385+38
AOFAS Function

Preop. 225+ 8.1
6-monthFU 39639
12-mont FU 418435
AOFAS Alignment

Preop. 71£65
6monthFU  139:+26
12montFU 13926
VAS

Preop. 81£1.1
6-monthFU  0.6+09
12-montFU 0207

Neutral

=6

3934171
855+7.8
92.6+93

16.7 £82
360+565
36652

200£7.4
390+ 15
433+25

27+42
115438
127 £3.6

78£09
0.4+ 05
02+04

Supinated
(h=9)

480+ 123
831+ 11.1
912+ 122

200+87
333+7.1
378£86.7

26.6+7.1"
38.7 £4.7
408+4.1

26+54"
1.1+£387
127 +35

71£09"
09+156
05+ 14

Kruskal-Wallis
HE)

1.085 (0.581)
2089 (0.352)
0043 (0.979)

(5.184)0.075
(0.948) 0.622
(1.084)0.596

3087 (0.271)
0622 (0.733)
1.728 (0.422)

(3.889)0.143
(4.259)0.119
(1.154) 0562

5,833 (0.054)
0322 (0.851)
0830 (0.660)

FU, follow-up. *As compared to neutral feet (Mann-Whitney test; Z:-2.152; p = 0.031).
**As compared to pronated feet (Menn-Whitney test; Z:-1.943; p = 0.049). **As

compared to pronated feet (Mann-Whitney test; Z:-2.103; p

035).





OPS/images/fsurg-08-748330-t003.jpg
AOFAS Function Subscale

Activity Limitations
(10 points)

Footwear requirements (10
points)

MTP joint motion
(10 points)

P joint motion
(5 points)

MTP-IP Stabity
(6 points)

MTP-IP related callus
(6 points)

MTF, metatarsal-phalangeal joint; IF. interphalangeal joint. *as compared to supinated feet (Mann-Whitney test; Z:4.667;

foot types.

Pre-

6 months.
12 months
Pre-

6 months
12 months
Pre-

6 months
12 months
Pre-

6 months
12 months
Pre-

6 months
12 months
Pre-

6 months
12 months

Pronated
(=13
Mean

5115

88%156
95+ 1.1
46+14

61+£22
81+25
58+28

92419
82+189
19+25

5000
50£00
5000

50+00
5000
04+14

4614
46+1.4

Neutral
n=6)

Mean
55+16

9015
10.0£00
4220

6.7+26
75427
83+26"

10.0£0.0
100£0.0
42£20

50+00
50£00
4220

50+00
50+00
17+26

50+00
50+0.0

Supinated
(h=9)

Mean
57x16

8716
97£1.0
38+22

6.1£22
78426
56£17

10.0 £0.0
10.0+£0.0
17+25

33x256
39£22
39+22

5.0+00
50+00
0.0+0.0

44£17
44£17

Kruskal-Wallis
Hp)

(0.649) 0.726

(0.186)0.911
0.982) 0.612
(0.918) 0632

0.275)0.872
(0.228)0.892
(5:218)0.074

(2.396)0.302
(2.396) 0.302
(4.086)0.130

(6.840) 0,033
(4.385)0.112
(2.920)0.232

(0.000) 1.00
(0.000) 1.00
(4.255)0.119

(0.657)0.720
(0.657)0.720

= 0.031). “'statistically significant difference among the 3





OPS/images/fsurg-08-748330-g003.gif
L 0286970175

AORAS Function scores.





OPS/images/fsurg-08-748330-t001.jpg
Age (years)
Total mass (kg)
Stature (m)
BMI (kg/m?)
VAS (1-10)
Lateraity (/%)
Right

Left

FPI (/%)
Pronated
Neutral
Supinated

BMI, Body mass index; VAS, Visual analogic scale for metatarsal pain; FPI, Foot postural index. *p < 0.05; *'p < 0.01.

Total sample
n=28)

57.8+£99
670+ 119
1.65 £ 0.09
245+34
Pl AT

16 (57.1)
12 (42.9)

13 (46.4)
6(21.4)
9(32.1)

Males
(n=6)

533+£72
79.4 + 135
1.78 £0.06
24944
82+£07

4(66.7)
2(33.3)

4(66.7)
0
2(33.7)

Females
(=22

590+ 104
63.6+9.1
1.61£0.06
244 £32
75+1.1

12 (54.5)
10 (45.5)

9(409)
6(27.9)
7(31.8)

Mann-Whitney
Z(p)

~1.234(0217)
—2.352 (0.019)
~3505 (0.000")
-0.112 (0911)
~1.459 (0.145)

Chi-square
P=0479

Fisher's test
P=0315





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Influence of Foot Type on the Clinical Outcome of Minimally Invasive Surgery for Metatarsalgia. A Prospective Pilot Study



		Introduction



		Materials and Methods



		Study Design



		Inclusion and Exclusion Criteria



		Protocol



		Measurement of Foot Posture



		Clinical Scale



		Surgical Technique



		Follow-Up









		Statistical Analysis







		Results



		Sample Characteristics



		Postoperative Adverse Events



		AOFAS and VAS Scores for the Overall Sample and According to Sex



		AOFAS and VAS Scores by Foot-Type Group







		Discussion



		Study Limitations







		Conclusions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		References

















OPS/images/cover.jpg
, frontiers
in Surgery

Influence of Foot Type on the Clinical
Outcome of Minimally Invasive
Surgery for Metatarsalgia. A
Prospective Pilot Study





OPS/images/fsurg-08-748330-g001.gif





OPS/images/fsurg-08-748330-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Surgery





