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Ab s t r Ac t 
Background: Both minimally invasive osteotomy and Weil osteotomy can effectively relieve pain symptoms of metatarsal pain, but their 
indications and clinical efficacy lack data support.
Aim and objective: To investigate the differences of indications and clinical efficacy between the minimally invasive osteotomy and the Weil 
osteotomy for treatment of the metatarsalgia.
Materials and methods: One hundred and four metatarsal bones in 64 feet of 51 patients with mild metatarsalgia were divided into two groups. 
The minimally invasive osteotomy and elevation of metatarsal operation were performed on the 24 patients in group I, a total of 55 metatarsal 
bones of 26 feet. The Weil osteotomies were performed on the 27 patients in group II, a total of 49 metatarsal bones of 38 feet. The visual analog 
scale/score (VAS), the American College of Foot and Ankle Surgeons (ACFAS), the maximum plantar force, the peak pressure, and the force-time 
integrals of the target metatarsals were compared between preoperation and postoperation, respectively.
Results: All test data, such as the VAS, the ACFAS, the maximum plantar force, the peak pressure, and the force-time integrals under the target 
metatarsal heads after osteotomy, were significantly different (p < 0.05) from those before osteotomy in both groups. However, all the above 
data were not significantly different between the two groups (p > 0.05). Four metatarsals were reported to have a delayed bone healing after 
the minimally invasive osteotomy.
Conclusion: Both osteotomies can effectively release the pain. The minimally invasive osteotomy is easy to handle and has the advantages 
such as less complication, low cost, and a low requirement on equipment, which can be suggested to be widely used in the basic level hospital.
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In t r o d u c t I o n 
Metatarsalgia is a common forefoot disease in foot and ankle 
surgery, which is often accompanied by hallux valgus deformity. 
Mostly caused by abnormal anatomical structure of the foot, 
pathological or iatrogenic factors, localized stress concentration 
on the metatarsal side of the forefoot, and excessive metatarsal 
load during the gait cycle.1 Before the clinic, a series of clinical 
symptoms, such as foot pain and discomfort, local painful corpus 
callosum formation, are manifested. Patients with severe plantar 
pain may be accompanied by metatarsophalangeal joint dislocation 
and hammertoe deformity. The site of the disease is more common 
under the first and/or second metatarsal heads, mainly due to 
excessive load on the metatarsal heads of the forefoot, disturbed 
pressure distribution under the metatarsal heads, and localized 
increased pressure under the metatarsal heads.2 In severe cases, 
the metatarsophalangeal joint may be dislocated and hammertoe 
deformity.3 In the treatment of plantar pain, non-surgical treatment 
can be performed first if the symptoms are not obvious, and surgical 
treatment should be performed if the treatment is ineffective. 
Wen et al.4 proposed the indexing standards for plantar pain and 
established a corresponding indexing surgical plan. For cases with 
osteotomy and internal fixation, osteotomy to restore the normal 
plantar weight-bearing relationship is the core of the operation and 
reliable osteotomy is the key to successful surgery.

The core of osteotomy for the treatment of metatarsalgia is to 
restore the normal plantar weight-bearing relationship. The key to 
success is to take appropriate surgical methods according to the 

degree of disease development,5 so it is necessary to clearly define 
the metatarsalgia and determine the corresponding surgical plan. 
There are many surgical methods for metatarsalgia,6–8 such as 
oblique osteotomy of the distal metatarsal bone (Weil osteotomy 
and modified Weil osteotomy), “V” shaped osteotomy of the distal 
metatarsal bone (Jacoby osteotomy) surgery, near metatarsal 
extension, minimally invasive elevation of the metatarsal head. 
Weil osteotomy is a classic surgical treatment for metatarsalgia. 
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This type of osteotomy has a large contact area, reliable fixation of 
the broken end, and the osteotomy is easy to heal in the cancellous 
bone area of the metaphysis. Due to the shortened length of the 
metatarsal bone during the operation uncertainty of personal 
understanding, therefore, prone to toe deformity, joint stiffness, 
metastatic plantar pain, and other complications after surgery.9,10 
The minimally invasive metatarsal head elevation incision is small, 
no internal fixation is required, and the position of the metatarsal 
head is adjusted by natural stepping. There are few postoperative 
complications and the clinical efficacy is determined.11

Our research group developed a new minimally invasive 
osteotomy. The target metatarsal was cut by a customized drill. 
The cut metatarsal can be adjusted its position by the bodyweight 
during standing or the pressure provided by the bandage without 
any other internal fixation. The minimally invasive osteotomy has 
a good clinical efficacy with a release of the pain.12 From October 
2010 to March 2015, a total of 206 patients with plantar pain were 
admitted to the university. Metatarsal neck minimally invasive 
osteotomy and Weil osteotomy were performed, respectively. After 
treatment, excluding cases that were not suitable for enrolment 
and lost to follow-up, 51 patients (64 feet) had complete data and 
compared the clinical efficacy of the two procedures. The summary 
report is as follows.

MAt e r I A l s A n d Me t h o d s 
Subjects
Fifty-one patients with mild metatarsalgia, 14 males and 37 females, 
were volunteered to participate in this study. The patients had a 
mean age of 61.4 years old (ranged from 39 to 82 years). Concomitant 
deformity such as hallux valgus was found in all patients. All patients 
gave their written consent before the data collection.

Based on the indexing standards from Wen et al.4 and the 
individual demands of the patients, all patients were divided 
into two groups. Group I had 24 cases with 55 metatarsals in 26 
feet, while group II had 27 cases with 49 metatarsals in 38 feet. 
The minimally invasive osteotomy and the Weil osteotomy were 
performed on group I and group II, respectively.

This clinical trial has been registered in China Clinical Trial 
Registration Center, registration number (ChiCTR-ONC-17011045). 
At the same time, it was approved by the Ethics Committee of 
Wangjing Hospital of China Academy of Chinese Medical Sciences, 
and the approval number of the Ethics Committee (2013-03-21).

Surgical Methods
Minimally Invasive Osteotomy
Taking the second metatarsal bone as an example, local anesthesia 
is adopted, and the patient is placed in a supine position, which is 
routinely disinfected and laid out. Use a small round knife to make a 
longitudinal incision on the dorsal side of the head and neck of the 
responsible metatarsal bone, about 5 mm long. After incising the 
skin and subcutaneous tissue, the small periosteal peeler bluntly 
peels off the periosteum, cuts the bones in the head and neck of 
the metatarsal bones, and cuts the bones. Using the orthopedic 
technique, raise the distal end of the osteotomy, with one thumb 

on the metatarsal side of the distal metatarsal head, the remaining 
four fingers pinch the metatarsal head tightly on the dorsal side, 
the other thumb on the proximal metatarsal side of the metatarsal 
bone, and the remaining four fingers on the proximal back of the 
metatarsal bone hold the proximal metatarsal laterally, pull the 
distal metatarsal thumb after pulling and pulling, and push the 
metatarsal bone with proper strength to restore the collapsed 
metatarsal bone. Place a square gauze with a size of about 2 × 2 cm 
and a thickness of about 0.5 cm under the head of the responsible 
metatarsal bone, keep the metatarsal head in the raised position, 
and bandage and fix it. The patients can stand and walk at a 
moderate intensity immediately after the osteotomy (Fig. 1).

Weil Osteotomy
The Weil osteotomy is performed under local anesthesia or spinal 
anesthesia. The target metatarsophalangeal joint is firstly luxated at 
the plantarflexed position and exposed completely. The osteotomy 
is then performed at the dorsal surface of the target metatarsal head 
paralleling to the plantar surface. The metatarsal head is pushed 
proximally and is finally stabilized with a solitary screw-driven from 
the dorsal top later in the metatarsal head. Modified Weil osteotomy 
might be optional based on the individual conditions of patients.13,14

Statistical Analysis
The maximum forces, the peak pressures, and the force-time 
integrals under the target metatarsal head and the Visual Analog 
Scale/Score (VAS) and American College of Foot and Ankle Surgeons 
(ACFAS) of each patient were collected for data analysis before 
and after the osteotomy. Paired t-test was used to compare the 
differences between preoperation and postoperation when data 
distributed normally. The rank-sum test was adapted for data 
without normal distribution. The p value was set at 0.05.

re s u lts 
All results of both groups, such as the VAS, the ACFAS, the 
maximum force, the peak pressure, and the force-time integrals, 
were significantly different before and after osteotomy (p < 0.05) 
(Tables 1 to 3).

The pain under the target metatarsal was all reported to be 
released in group I, while two cases reported having a pain transfer 

Fig. 1: Schematic diagram of minimally invasive osteotomy and elevation 
of metatarsal operation

Table 1: VAS before and after surgery

Group N Preoperative Postoperative t (z) value p value
Group I 55 4.23 ± 0.96 1.55 ± 1.05 −8.640 <0.001
Group II 49 6.35 ± 3.42 1.13 ± 0.57 3.210 <0.001
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to the other metatarsals. No nonunion was found in group I, but four 
delayed healing cases after osteotomy were reported (Figs 2 and 3). 
In group II, calluses under 38 of 49 metatarsals disappeared after the 
operation, while 2 had a positive development and 2 had inverse 
results. Six cases were reported to have transfer pain. Toe numbness 
after osteotomy was reported in 12 cases. Toe dorsiflexion deformity 
was found in three cases. No nonunion and delayed healing was 
found in group II.

dI s c u s s I o n 
Comparison of Advantages and Disadvantages of Two 
Surgical Methods in Treating Metatarsalgia
Compared with Weil osteotomy, the effect of minimally invasive 
osteotomy in the metatarsal head and neck is the same as that in 
Weil osteotomy. There is no significant difference, indicating that 
minimally invasive elevation is a safe and reliable alternative.

Minimally invasive elevation surgery uses local anesthesia. A 
longitudinal incision of about 0.3 cm is made at the dorsal side of 
the metatarsal head and neck. The osteotomy is made at the head 
and neck of the metatarsal bone. The joint is not invaded during the 
operation, no tourniquet is required, and the end does not need 
internal fixation. The improvement of symptoms through weight-
bearing self-adaptation adjustment, restoring forefoot mechanical 
balance, without human interference, mainly patient self-adaptation 
adjustment, clinical efficacy is determined, suitable for mild to 
moderate plantar pain without metatarsal toe joint dislocation or 
mild dislocation patients.15,16 This type of operation is completely 
blinded and requires the surgeon to accurately locate the position 
of the responsible metatarsal head to prevent medical disputes 
caused by accidental interception. Because it does not require 
internal fixation and relies on stepping to adjust the position of the 
metatarsal head, it is significantly inferior to Weil osteotomy in terms 
of postoperative swelling resolution and fracture healing time.

Table 3: Plantar pressures under the target metatarsal head before and after the operation

Index Group N Preoperative Postoperative t (z) value p value
The maximum Group I 55 136.25 ± 19.42 75.13 ± 13.872  9.019 <0.001
Force (N) Group II 49 139.66 ± 90.26 79.52 ± 52.29  2.930  0.004
The peak Group I 55 15.15 ± 2.34 9.25 ± 2.63  7.951 <0.001
Pressures (kPa) Group II 49 18.31 ± 8.86 13.43 ± 8.01  2.860  0.010
The force-time Group I 55 49.70 ± 12.09 23.95 ± 6.59 13.878 <0.001
Integrals (N S) Group II 49 51.44 ± 38.32 27.87 ± 18.75  2.460  0.017

Table 2: ACFAS scores before and after surgery

Group N Preoperative Postoperative t (z) value p value
Group I 55 56.47 ± 8.16 84.51 ± 4.39 −9.025 <0.001
Group II 49 57.27 ± 9.28 84.12 ± 8.20 −16.590 <0.001

Figs 2A to D: Foot appearance photos, X-ray, and foot scan plantar 
pressure diagram of preoperative patient

Figs 3A to D: Foot appearance photos, X-ray, and foot scan plantar 
pressure diagram of postoperative patient



Comparison of Two Surgical Methods for Metatarsalgia

Journal of Foot and Ankle Surgery (Asia Pacific), Volume x Issue x (XXX 2021)4

Weil osteotomy uses spinal canal anesthesia, which is applied to 
the back of the metatarsophalangeal joint to make a lateral incision 
to reveal the metatarsophalangeal joint, the metatarsophalangeal 
joint, and the oscillating saw from the dorsal joint edge of the 
metatarsal head to the osteotomy parallel to the sole. The distal 
bone block is moved parallel to the proximal end. The screw fixes the 
osteotomy end, possibly metatarsal head depression occurs, local 
stress increases and pain symptoms may worsen. This operation 
has the characteristics of large trauma, high technical requirements, 
firm fixation, large osteotomy surface contact, and fast osteotomy 
healing.10,17 It is suitable for mild to moderate metatarsophalangeal 
joint dislocation metatarsalgia.8,18 How to grasp the shortened 
length of the metatarsal bones is the key to effectively improve the 
pain symptoms. It requires accurate calculation by the surgeon to 
prevent the occurrence of metastatic metatarsalgia after surgery; 
this procedure requires temporary fixation of the Kirschner wire 
or screw fixation. It is small and requires careful operation by the 
surgeon to avoid bone fractures and affect the surgical effect. 
Invasive joints during surgery are likely to cause complications 
such as metatarsophalangeal joint stiffness, and patients need 
to be informed to perform early functional exercises.19,20 Besides, 
because the center of rotation of the metatarsophalangeal joint 
moves down after osteotomy, the toe deformity of the toe is prone 
to occur after surgery.

Indications and Precautions for Minimally Invasive 
Osteotomy in the Metatarsal Head and Neck Item
Minimally invasive osteotomy is mainly used for metatarsophalangeal 
joint without dislocation or mild dislocation in the case of 
mild to moderate plantar pain.21 Plantar pain with severe 
metatarsophalangeal joint patients with dislocation should be 
carefully selected.

A successful minimally invasive osteotomy depends on the 
experience from the previous minimally invasive osteotomy and 
the proficiency in local anatomy of the metatarsal region.22 In 
this study, four delayed healing cases were reported after the 
minimally invasive osteotomy. Three reasons might contribute to 
this complaint. First, the excessive loads were applied on the target 
metatarsal in the early stage after osteotomy due to the long-term 
walking and standing; Second, osteotomies on more than three 
metatarsals might affect the stability of the construct and cause a 
delay of the bone healing; Third, the osteotomy was performed at 
the proximal end of the metatarsal, which might cause increased 
stress on the bone and delay the bone healing.

Although Weil osteotomy is superior to minimally invasive 
elevation in postoperative swelling and delayed healing, it is 
possible to optimize the minimally invasive technique by repeatedly 
flushing the incision and improving minimally invasive devices to 
reduce the risk of delayed healing. Due to the simple operation of 
the minimally invasive lifting operation, the short learning curve, 
and easier for clinicians to master; Weil’s osteotomy requires a high 
technical level and many postoperative complications. Therefore, 
minimally invasive elevation surgery is safer and more reliable and 
is more suitable for primary hospitals and junior doctors.

co n c lu s I o n 
In this study, both osteotomies can be suggested as the effective 
and safe procedure for the treatment of metatarsalgia. However, 

the indications for the two osteotomies were different. Optimal 
osteotomy should be selected based on the individual condition 
of each patient. The minimally invasive osteotomy is easy to 
handle and no internal fixation is required after osteotomy. It has 
advantages such as less complication, low cost, short learning cycle, 
and the low requirement on equipment, which can be suggested 
to be widely used in the basic level hospital.

AvA I l A b I l I t y o f dAtA A n d MAt e r I A l s 
All data of this study can be obtained by contacting the 
corresponding author or the first author.

Ac k n ow l e d g M e n ts
Not applicable.
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