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Abstract
Objective: The aim of the study was to radiographically evaluate the result of this minimally invasive technique for the surgical treat-
ment of metatarsalgia. 

Methods: Radiographic images of 195 osteotomies in 48 patients (65 feet) who were exclusively submitted to the Distal Metatalsal 
Metaphyseal Osteotomy (DMMO) technique in the central rays (second, third, and fourth metatarsals) with a minimum follow-up of six 
months were analyzed. Bone healing, metatarsal shortening, and bone healing positioning (central, lateral, or medial) were evaluated. 
All statistical analysis was performed using the R software, and Wilcoxon statistical tests and Student’s t-test paired for continuous 
variables were used. 

Results: The mean length of the second metatarsal reduced 7.0mm (p<0.001), the third 6.8mm (p<0.001), and the fourth 6.6mm 
(p<0.001). In only one case, there was no bone consolidation (second metatarsal). Most osteotomies were consolidated in a central 
position of the distal fragment. 

Conclusion: DMMO showed a high rate of bone healing (99.5%), metatarsal shortening, and consolidation in the central position of the 
distal fragment when performed in the surgical treatment of metatarsalgia.

Level of Evidence IV; Case Series.
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Introduction
Primary metatarsalgia is caused by an anatomical imba-

lance due to the relative length of the metatarsal bones(1,2).  
Without this, harmony can create an unequal mechanical 
overload, resulting in callosities, pain, and plantar plate rup-
ture(3). Therefore, initial treatment is conservative with modi
fication of shoes, symptomatic medication, and physiothe
rapy. When this approach is unsuccessful, surgical procedures 
are indicated(2).

The surgical procedure aims to shorten and elevate the me-
tatarsal head to relieve pressure in the plantar region of the 
forefoot and restore optimal harmony to the metatarsal para-
bola. Some open osteotomies have been described, and one 
of the most used is Weil osteotomy(4). Although it has been 
considered an effective, safe procedure and used by several 
surgeons, the osteotomy described by Weil has been associa-
ted with some complications, such as the so-called floating 
toe, transfer metatarsalgia, and stiffness(5).
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In the development of minimally invasive techniques for 
foot and ankle surgery, Redfern and Vernois(6) described a 
percutaneous metatarsal osteotomy described as Distal Me-
tatarsal Metaphyseal Osteotomy (DMMO).

The advantages surrounding this minimally invasive osteo-
tomy include the reduced time of surgery with less soft tissue 
dissection. Furthermore, the technique showed fewer scars 
while maintaining a range of motion and faster recovery due 
to immediate weight-bearing in the postoperative period(1,3).

Although the pioneers of the technique claim that DMMO 
can be used to correct metatarsophalangeal dislocations re-
quiring up to 5mm of metatarsal shortening(7), others con-
cluded that due to the limitation in restoring the ideal foot 
morphology, this procedure should not be indicated in cases 
of metatarsophalangeal dislocation(8).

Thus, measuring the length of shortening and the position 
of metatarsal consolidation after the osteotomy is important, 
as DMMO is not performed with fixation. 

The aim of the study is to radiographically evaluate the re-
sult of this minimally invasive DMMO technique for the sur-
gical procedures of metatarsalgia through the outcomes of 
bone non-union rate, shortening of the metatarsals, and the 
position of osteotomy consolidation.

Methods
The study was approved by the local ethics committee 

(CAEE: 32875620.8.0000.5474) and followed the Declaration 
of Helsinki and the Guidelines for Good Clinical Practice.

The radiographic images of 48 patients diagnosed with me-
tatarsalgia submitted to surgical correction using the DMMO 
technique were retrospectively evaluated, totaling 65 feet, 
between December 2017 and December 2019. 

All patients were operated on at two orthopedic centers 
and always by the same team of experienced surgeons spe-
cialized in the foot, ankle, and percutaneous surgery. 

Inclusion and exclusion criteria
The study included patients with metatarsalgia (pain with 

callosities in the plantar region of the forefoot or metatarso-
phalangeal instability) submitted to conservative treatment 
without improvement for at least six months and undergoing 
surgical treatment using the DMMO technique. The radiogra-
phs included in the study were the preoperative and the last 
available in the system.

The exclusion criteria were: 1) DMMO associated with me-
tatarsal osteotomies for hallux valgus correction; 2) Inappro-
priate radiographs; 3) Radiographs not taken at the research 
centers; 4) The last radiograph less than six months after the 
surgical procedure; 5) Patient under 18 years of age.

Radiographic evaluation
Four authors performed the radiographic evaluation (HNF, 

VO, GAN and ACB) after the senior researcher reached a con-

sensus and agreed with the evaluation (MVPF). The analy-
sis was performed digitally using the Centricity® Universal 
Viewer Zero Footprint software system (GE Healthcare, Bar-
rington, IL, USA). All radiographs were taken in a weight- 
bearing, standing position.

Radiographs were the method to define bone union and the 
position of the distal fragment (lateral, central, or medial). 
It was considered lateral or medial deviation if the cortex of 
the distal fragment exceeds the center of the diaphysis of 
the proximal fragment, either laterally or medially. The bone 
union was defined as the formation of bridging calluses in 
two radiographic views.

The length of second, third and fourth metatarsals (pre-/
postoperative) was also measured digitally, from the center 
of the base to the center of the head. Follow-up period was 
defined as the difference between the surgical procedure and 
the last radiograph.

Surgical technique and postoperative care
The surgical procedure was performed in the supine posi-

tion with the feet at the end of the table, without a tourni-
quet, and submitted to spinal anesthesia as an institutional 
protocol. The technique followed the description in the study 
by Redfern and Vernois(6).

A 2.0mm Shannon-type burr, a scalpel blade for percuta-
neous surgery and an image intensifier was used to locate the 
osteotomy and the final check. First, the incision was perfor-
med using a specific scalpel blade and located with an image 
intensifier. Then, the periosteum detacher is used for the soft 
tissue dissection and the metatarsal. Finally, the DMMO was 
performed in the distal metaphysis in a plane of 45 degrees 
to the metatarsal axis in the sagittal plane and ending at 90 
degrees. The procedure is performed through a rotational 
movement with supination of the wrist.

After the osteotomy, local cleaning was performed with saline 
solution and skin suture with 4-0 nylon. Next, the dressing 
was prepared with sterile gauze and then finished with an 
elastic bandage.

Postoperative care recommended early ambulation with a 
stiff soled sandal and full load as tolerated, weekly dressing 
change, and control radiographs after six weeks.

Statistical Analysis
The statistical analysis was performed using the R software(9) 

(The R Foundation, Vienna, Austria). Mean, standard devia-
tion (SD), maximum and minimum were calculated for nume-
rical variables, and descriptive statistics for nominal variables. 
The Shapiro test was used to assess the distribution of the 
continuous variables, the paired Student’s t-test(10) for varia-
bles with parametric distribution, and the Wilcoxon(11) signed-
rank test for non-parametric variables. The p≤0.05 value was 
adopted as the level of statistical evidence.
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Results
DMMO was performed in 195 metatarsals, 65 feet, in 48 

patients. The mean age was 65.9 years, and the SD was 10.1 
years. Patients were predominantly female (89.5%), and the 
left was the most common side (50.8%). The mean follow-up 
period was 18.2 months (SD 8.3).

Bone union was individually assessed by metatarsal, and 
only one case of bone non-union was found representing 
0.5% (second metatarsal). All third and fourth metatarsals 
had bone union. Table 1 shows the metatarsal head deviation.

The mean length of the second metatarsal reduced 7.0mm 
(p<0.001), the third 6.8mm (p<0.001), and the fourth 6.6mm 
(p<0.001). Figure 1 shows the length distribution.

Discussion
DMMO is an extra-articular metatarsal osteotomy perfor-

med percutaneously without any fixation, in which metatar-
sal lengths are automatically adjusted upon weight-bearing 
through the interaction of soft tissue structures(1). On the 
other hand, DMMO has been accompanied by swelling, longer 
consolidation time, limitation in recreating the ideal foot mor-
phology, and greater metatarsal shortening(3,8).

Our study presented one case of metatarsal bone non-union 
among 195 osteotomies performed, representing a union rate 
of 99.5%. This complication was smaller when compared to 
Weil’s open technique, described in around 3%(12).

In the study by McMurrich et al.(13), the authors performed 
the DMMO with bone consolidation in all osteotomies and 

were evaluated by radiographic images. Haque et al.(1) perfor-
med DMMO in a total sample of 30 patients and had one case 
of bone non-union.

Bone non-union or delayed union may be a complication 
with clinical repercussions such as pain and swelling. Although 
this study did not perform the patients’ clinical evaluation, 
the only case with bone non-union was not submitted to surgi-
cal revision, inferring the probable fibrous union, as described 
by Ferreira et al.(14), in the percutaneous oblique distal osteo-
tomy of the fifth metatarsal.

After the DMMO, there was an expected shortening of the 
metatarsals: the second metatarsal represented the greatest 
reduction, followed by the third and fourth. This shortening 
differs from the McMurrich et al.(13) study, where the third re-
presented the greatest difference, followed by the fourth and 
second metatarsal. 

In addition, the mean shortening was higher in our study. 
Still, the comparison with other studies may show a measure-
ment bias due to the absence of the pattern of radiographic 
images and different digital software. 

The position of bone consolidation of the distal fragment 
was classified as central in most osteotomies. This result 
could be due to the non-inclusion of cases in which osteo-
tomies were performed to correct the hallux valgus because 
the distal fragment tends to be displaced to the lateral region, 
for example, in the Percutaneous Chevron-Akin technique(15). 
Weight-bearing computed tomography would be ideal for 
performing these measurements, but availability is still very 
limited.

Table 1. Postoperative radiographic results

Outcome Second metatarsal Third metatarsal Fourth metatarsal
Position of the 
Distal Fragment

Central = 80.0%

Medial = 0%

Lateral = 20.0%

Central = 75.4%

Medial = 3.1%

Lateral = 21.5%

Central = 81.5%

Medial = 12.3%

Lateral = 6.2%

Bone Union 98.5% 100% 100%

Figure 1. Distribution of metatarsal length before and after the surgical procedure.
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The results suggest that the DMMO technique has a high 
rate of bone union in osteotomies and that the surgeon often 
must wait at least six months in cases where there is a delay 
in the bone union process.

Our study has some limitations. First, clinical and functional 
analyses were not included. Second, radiographic measure-
ments show intra- and inter-examiner variations. Third, the 
study did not assess bone union time. Finally, the study would 

have more strength if weight-bearing computed tomography 
was used for pre-/postoperative evaluation.

Conclusion
DMMO showed a high rate of bone healing (99.5%), meta-

tarsal shortening, and consolidation in the central position of 
the distal fragment when performed in the surgical treatment 
of metatarsalgia.
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