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A R T I C L E  I N F O   

Keywords: 
Metatarsalgia 
DMMO 
Distal Metatarsal Minimally Invasive 
Osteotomy 
Percutaneous surgery 
Oblique DMMO 
Reverse DMMO 

A B S T R A C T   

Background: Metatarsal osteotomy is a major means of treating mechanical metatarsalgia. Open techniques are 
widely used, and notably that described by Weil. They have, however, certain drawbacks, and new types of 
osteotomy have been developed. Percutaneous techniques are presently very much in favor, and Distal Meta-
tarsal Minimally Invasive Osteotomy (DMMO) has emerged as a treatment for metatarsalgia. Although very 
widely used, it is poorly codified in the literature. 
Method: The present study detailed DMMO techniques and their variants (oblique and reverse), with corre-
sponding indications and treatment decision-tree. 
Results: Initial findings seem encouraging, with functional results comparable to those of open surgery. Post-
operative edema and radiologic bone healing time seem to be longer in DMMO. There is, on the other hand, no 
difference regarding stiffness. 
Conclusion: DMMO is an effective option to treat metatarsalgia, with variants enabling adaptation to foot 
morphology, but needing confirmation by studies with higher levels of evidence.   

1. Introduction 

Metatarsal osteotomy is a major means of treating mechanical met-
atarsalgia [1]. 

Although numerous techniques have been developed [2–5], the most 
widespread remains that described by Lowel S. Weil [6]. 

Percutaneous techniques are also on the rise, and notably Distal 
Metatarsal Minimally Invasive Osteotomy (DMMO), first popularized by 
Stephen Isham in the United States, then in Europe by the Spanish 
surgeon Mariano de Prado [7], and adopted in France by the Minimally 
Invasive Foot and Ankle Surgery Research and Study Group (GRECMIP). 

These osteotomies are distal, extra-articular and without fixation. 
The whole metatarsophalangeal joint is drawn back by the retrograde 
action of the tendons and muscles and passive plantar pressure induced 
by immediate resumption of weight-bearing, which is essential to the 
technique. The aim is to achieve consolidation in elevation with short-
ening of the metatarsal head, resolving hyperpressure and thus meta-
tarsalgia. This can be compared to functional management of metatarsal 
head fracture, which can provide very good results [8]. DMMO was 
developed particularly in the hope of reducing the extra- and 

intra-articular stiffness and the technical difficulties associated with 
open techniques [9]. Like in open surgery, it is essential to correct any 
first-ray insufficiency inducing metatarsalgia, to avoid failure or 
recurrence. 

The aim of the present study was to detail DMMO techniques and the 
variants we have developed. 

2. Surgical techniques (Table 1) 

We will not detail various surgical techniques [10,11], but only the 
key points. 

2.1. Classic DMMO (Figs. 1–3) 

The original technique is first described [7]. 
Minimally invasive metatarsal surgery uses the same instrumenta-

tion as any minimally invasive foot surgery: knife, spatula, rasp. The 
most frequently used reamer is 2 mm, although larger diameters can be 
used to increase shortening. The motor should be used in slow rotation, 
<8000 rpm, to avoid burning the skin and above all the bone. 
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Fluoroscopy is necessary, at least during the learning curve, to check 
reamer positioning and assess displacements. 

The surgeon faces the patient’s foot. The skin incision preferably uses 
a Beaver® knife, in the inter-capitometatarsal space just next to the 
head, parallel to the extensor tendons. The knife is held at 45◦, toward 
the metatarsal neck. The incision should be large enough for reamer 
movement without stressing the skin: i.e., 3–4 mm. The spatula is then 
introduced to prepare and bare the neck, avoiding soft-tissue contact in 
creating the work-space. Radiologic control may be indicated here to 
check the osteotomy level. 

The reamer is then introduced via the space created by the spatula, in 
contact with the metatarsal cortex, and osteotomy begins, with the 
reamer at 45◦ to the plantar plane, marking out a clear cortical groove to 
avoid errors in orienting and moving the reamer. By rotating it around 
the neck, the reamer completely cuts the medial metatarsal cortex (for a 
right-handed surgeon operating on a right foot), then plantar cortex, 
lateral cortex and finally dorsal cortex, always held at 45◦. 

At this point, head motion and osteotomy positioning can be checked 
clinically and radiologically. 

The number of osteotomies depends on the situation, but classically 
the three medial metatarsals (M2, M3 and M4) are associated. The 5th 
ray is shorter and more mobile, and rarely needs retracting. It is possible 
to perform only M2 and M3 osteotomy if the metatarsal curve is 
disharmonious (long M2 and M3). A single isolated DMMO is not rec-
ommended, but M3 and M4 DMMO can be associated to fixed, measured 
M2 osteotomy to limit transfer metatarsalgia. 

Once the osteotomy has been performed, there is harmonious 
displacement of the metatarsal heads, leading to shortening and some-
times to a slight lateral displacement. 

2.2. Oblique DMMO (Figs. 4–6) 

This variant was developed in the light of certain cases of insufficient 

retraction or inappropriate plantar displacement, with resulting persis-
tent metatarsalgia. A vertical oblique osteotomy line, mechanically 
providing great ease of shortening in the metatarsal axis by a telescoping 
effect with vertical elevation, avoiding the above risk, was developed. 
Moreover, the larger bone contact area theoretically reduces the risk of 
delayed bone healing. 

Once the reamer has been introduced against the neck, it is passed 
under it. It is thus stabilized in the inferior neck cavity and is then tilted 
obliquely to the metatarsal axis. Regular plantar-to-dorsal movement 
cuts the neck in a vertical oblique plane. Retrograde manual pressure on 
the head induces a telescoping action on the bone, without resistance. 
The more oblique the osteotomy and the larger the reamer diameter, the 
greater the retraction. If the osteotomy axis is divergent (distal-to- 
proximally and medial-to-laterally), lateral displacement is facilitated 
while, if it is convergent, there is less displacement (Fig. 4). 

Compared to classic DMMO, Oblique DMMO has enabled us to 
reduce our rate of recurrent metatarsalgia and the multiplicity of choices 
represented by convergent and divergent DMMO allows better adapta-
tion to different types of feet. It has thus become our reference 
technique. 

Table 1 
Main characteristics of the various osteotomies.   

Change in metatarsal 
head position 

Particularities 

Classic DMMO Shortening: ++−

Elevation: +−

Lateralization: ++

D: Possible persistence of metatarsalgia 
due to inappropriate plantar 
displacement of the head under the 
neck (Fig. 10) 

Oblique 
convergent 
DMMO 

Shortening: +
Elevation: ++

Medialization: +

A: Less lateralization and risk of MTP-1 
destabilization 
D: Less correction 

Oblique 
divergent 
DMMO 

Shortening: +++

Elevation: ++

Lateralization: +++

A: Considerable bone and tegument 
correction 
(claw-toe) 
D: Risk of MTP-1 destabilization 

Reverse DMMO Shortening: +
Elevation: +++

Lateralization: 0 

D: Risk of transfer to MTP-5 

0 none / + slight / ++ moderate / +++ considerable / A Advantage / D 
Disadvantage / MTP metatarsophalangeal joint. 

Fig. 1. Classic DMMO: orientation of osteotomy line.  

Fig. 2. Radiologic result of classic M2 M3 M4 DMMO.  

Fig. 3. Classic DMMO: sagittal CT slice.  
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2.3. Reverse DMMO (Figs. 7–9) 

This variant raises the metatarsal heads, without the consequences of 
retraction and lateralization. 

The portal in this case is more proximal, prior to the metatarsal head 
line. The reamer direction is vertical and slightly oblique plantar-to- 
distally, in contrast to classical DMMO. The reamer is positioned 
against the neck, and the head is cut on a transverse oblique line. The 
surgeon is not facing the foot, but rather beside the leg. It is advised to 
place the index finger of the other hand under the metatarsal head, to 
feel the position of the reamer and accompany the raising of the head 
once cut. 

This osteotomy provides considerable head elevation with less 
shortening. Inter-fragment movement is slight, simplifying post-
operative course while reducing the risk of destabilizing the first met-
atarsophalangeal joint. It is recommended to associate M5 osteotomy, to 
prevent secondary transfer metatarsalgia. 

Fig. 4. Oblique DMMO: orientation of osteotomy line.  

Fig. 5. Radiologic result of M2 M3 M4 oblique DMMO.  

Fig. 6. Oblique DMMO oblique: sagittal CT slice.  

Fig. 7. Reverse DMMO: orientation of osteotomy line.  
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2.4. Complications 

Here, only complications specific to DMMO are discussed. 
Skin burning is the classic complication during the learning curve 

and then become rare (1.4% of cases [14]). It should be immediately 
resected before closure, to avoid local infection or difficult skin healing, 
leaving a blemish. 

Postoperative edema is partly due to inter-fragment micro-move-
ments that continue for several weeks until the fibrous callus succeeds in 
stabilizing the fragments. It is not a serious complication but can delay 
return to normal footwear. According to the literature, persistent post-
operative edema is common at 6 weeks (73.3% of cases [17]) and 3 
months (59% of cases [18]) but systematically returns to normal. 

Delayed radiological consolidation is also a feature of non-fixed 
osteotomy. Although it may not always induce pain, there is a long in-
terval before the development of a radiologic callus [12]. According to 
Haque et al. [19] radiologic union across the osteotomy sites occurs at 
an average of 3.5 months. Nonunion was present in 1.4% to 3.3% [14, 
19] of cases at one year in the literature but could remain asymptomatic. 

It is not recommended to intervening before 18 months if there is no 
disabling pain. Non-union is more often tight, with a fibrous callus 
stabilizing the osteotomy site and limiting edema and pain. Patients’ 
complaints are generally limited, and surgical revision is not usually 
undertaken. 

True mal-union (DMMO being by definition a case of mal-union) 
involves direct metatarsalgia by plantar flexion contracture (recur-
rence of metatarsalgia) or indirect metatarsalgia by excessive retraction 
or elevation (transfer metatarsalgia). The former implicates plantar 
displacement of the head (Fig. 10). This situation seems frequent (14%) 
according to Henry et al. results [18]. However, this series performed 
Classic DMMO and we think Oblique DMMO reduces this. Treatment 
may be repeat DMMO, which we advise in oblique or reverse DMMO, or 
open revision. The latter (transfer metatarsalgia) generally implicates 
excessive shortening with dorsal displacement of the head. This 
complication is rarer (3% of cases in the literature [14,18,19]). Treat-
ment is by procedures on the affected adjacent rays. 

Synostosis is exceptional. Haque et al. [19] reported tender bony 
spicule at an incision (3.3% of cases) required surgical excision. 

First-ray destabilization by excessive metatarsal head retraction and 
lateralization is a classic but little recognized complication. It occurs 
after metatarsal head resection. It is therefore essential to ensure first- 
ray stabilization. In some cases, it is possible to further limit the risk 
by restricting osteotomy to M2 and M3, conserving M4 as prop. But in 
this case, a transfer metatarsalgia on M4 may occur [12]. 

Regarding stiffness, Henry et al. [18] by comparing DMMO and Weil 
osteotomies did not find any difference on metatarsophalangeal plantar 
and dorsiflexion and no arthrolysis was necessary in both groups. 
Johansen et al. [17] reported 9% of stiffness associated to the Weil 
procedure against 7% for DMMO but without significant difference. 

2.5. Postoperative course 

Postoperative course is straightforward, mainly depending on asso-
ciated first-ray procedures. Although DMMO is a simple procedure, it 
must be borne in mind that all lateral ray osteotomies weigh on the 
postoperative course. 

Dressing uses compresses to maintain the toes inclined inward to-
ward the hallux, to limit excessive lateral displacement of the meta-
tarsals. We keep it for 3 weeks. 

Postoperative care after DMMO comprises:  

- regular medical follow-up of healing;  
- immediate weight-bearing, but only partial on the forefoot for the 

first days, to limit pain and edema;  
- radiologic follow-up until consolidation is achieved. 

Fig. 8. Radiographic result of M2 M3 M4 reverse DMMO.  

Fig. 9. Reverse DMMO: sagittal CT slice.  

Fig. 10. Sagittal CT slice showing head retraction and elevation defect after 
classic DMMO, liable to cause persistent metatarsalgia. 
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Usually, patients keep stiff soled shoes for 6 weeks, and they return to 
their normal shoes at 3 months. 

2.6. Indications for surgery 

The prime indication is non-propulsive (relative to the standing po-
sition) [1] degenerative mechanical metatarsalgia in an elderly subject, 
with first-ray insufficiency and tight irreducible small toe deformity. The 
radiologic metatarsal pattern is usually harmonious. This is for us the 
major indication for DMMO. 

DMMO is also strongly indicated for recurrence of metatarsalgia after 
open surgery [13]. 

Magnan et al. [14] implemented DMMO for metatarsophalangeal 
instability up to grade 2 on the Coughlin classification [15]. DMMO 
should not, however, be considered in case of proven dislocation. 

Other indications are less obvious and are subject to debate, but 
overall DMMO is unsuited to isolated or propulsive (relative to the push- 
off phase of the gait) metatarsalgia [1]. 

3. Discussion 

DMMO is now for us a reference technique that we apply on an 
everyday basis. The variants described above make it suitable for many 
types of foot. Our empirical satisfaction, however, needs scientific 
confirmation. 

Although the DMMO procedure seems straightforward, there is a 
non-negligible learning curve [16], notably comprising a higher risk of 
skin complications and non-union in the early stages. It seems to us that 
these complications are due to poor setting of the reamer speed. 

Functional scores and patient satisfaction with DMMO are compa-
rable to results with open surgical techniques [17–20]. On the other 
hand, postoperative edema size and duration are greater, there may be 
irradiation (whereas fluoroscopy is unnecessary in open surgery), and 
radiologic consolidation is longer. Open surgery is often vitiated by 
stiffness and reduced range of motion but results here seem no better 
with DMMO [14,17]. 

4. Conclusion 

DMMO is an effective alternative surgical treatment for non- 
propulsive mechanical metatarsalgia. Its variants adapt the procedure 
to the type of foot, and complications are easy to manage. Reports seem 
to confirm the impression that results are good, but need confirming in 
further studies with good levels of evidence. 

Brief summary 

What is already known:  

- DMMO is an effective alternative surgical treatment for some 
metatarsalgia. 

- Its complications are known (skin burning, edema, long consolida-
tion) and easy to manage.  

- However, DMMO may reach its limits in some cases: cavus foot, 
disharmonious metatarsal curve, metatarsophalangeal luxation, etc. 

What this study adds:  

- In this context we propose several variants with their indications in 
order to be able to manage more types of feet.  

- Reverse DMMO raises the metatarsal head without shortening.  

- Oblique divergent DMMO provokes an important shortening with a 
risk of first metatarsophalangeal joint destabilization, in contrast to 
the oblique convergent DMMO. 
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