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Abstract
Introduction The use of minimally invasive techniques is of utmost importance to future developments of foot and ankle surgery 
requiring large-scale clinical randomized studies. This retrospective study is based on a comparison of the classical open and minimally 
invasive techniques. Material and methods The review included 65 hammertoe surgical cases (76 feet) treated with minimally invasive 
approach and postoperative strapping and taping techniques (group A, n = 39) and with open procedure using transarticular wire 
fixation (group B, n = 37) . Open surgical procedures were performed for the first metatarsal at the same time for all patients. The mean 
follow-up period was 15.3 ± 2.8 months. The mean age of patients was 62.8 ± 10.2 years. Results The follow-up protocol included 
a survey, physical examination, assessment of pain, function and treatment satisfaction (AOFAS, VAS FA, PGIC) and radiographic 
estimation of fusion. A floating toe was a common complication. Discussion Minimally invasive technique was demonstrated to be a 
less safe approach (risks associated with burr manipulations and surgeon skills) and more effective (minor and moderate pain in the 
postoperative period, lower risk of infection, attainment of personal anatomicity and early loading without internal fixation, extended 
indications with no need for use of surgical tourniquet) demonstrating adequate radiographic and clinical results and high patient 
satisfaction. The technique promotes patient's comfort and willingness to cooperate due to the lack of internal fixation and has a high 
intraoperative radiation load compared to other methods. Conclusion Minimally invasive technique has demonstrated good results and 
can be advocated for extensive orthopaedic practice with its own niche of application.
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INTRODUCTION

The last two decades have seen the development of 
minimally invasive forefoot surgery. Both Russian [1, 2] 
and foreign authors [3–11] popularize this trend. More 
surgeons are using the minimally invasive technique. 
Minimally invasive foot surgery can be used in diabetes 
mellitus [12, 13], in children [14] and even in such a rare 
condition as hallux valgus in Pfeiffer syndrome [15]. 
Advantages of the open procedure which has been 
the "gold" standard for many decades, have not been 
explored. Bia et al (2018) reported a high complication 
rate for minimally invasive surgery in a systematic 
review, and the authors recommended randomized 
clinical trials [16].

There are good reasons to be concerned about the 
merits of minimally invasive surgery. The use of a 
minimally invasive technique should not lead to an 
increased rate of injured neurovascular structures and 
prevent thermal damage to the bone caused by the drill. 
Some techniques suggest absence of fixation [17] that 
can be associated with a higher rate of nonunions at 
the site of osteotomy. There is a paucity of information 
regarding the risks. Jowett et al (2017) reported 14 % 
of reoperations with minimally invasive procedures 

performed for hallux valgus [18]. In contrast, open 
calcaneal osteotomy was reported to be associated with 
a higher risk of nerve injury than minimally invasive 
osteotomy [19, 20]. Yassin (2106) reported minimally 
invasive toe surgery followed by bandaging being as safe 
as open osteotomies and pin fixation [21]. Some authors 
suggest that minimally invasive forefoot surgery is 
safer than open surgery [22]. A number of hallux valgus 
procedures [23] demonstrated a similar risk of recurrence 
(about 15 %) and delayed consolidation (10 %) with 
both open and minimally invasive techniques.

A thermal injury caused by a minimally invasive 
osteotomy bur can be associated with a higher risk of 
delayed consolidation and nerve injury. The rotation 
speed and the size were shown to be important factors 
leading to a thermal injury [24]. The bur cooling can 
improve bone healing and the union rate in arthrodesis 
[25]. This study presents the results of minimally 
invasive toe procedures for hammertoe deformity and 
typical complications associated with these techniques.

The objective of the study was to evaluate outcomes 
of surgical treatment of hammertoe deformity using a 
statistically significant comparison of the techniques.
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MATERIAL AND METHODS
Retrospective single center study.
Inclusion criteria were:
• age over 18 years;
• combined flat feet diagnosed with hallux valgus 

deformity combined with hammertoe deformity of the 
second toe;

• unstable metatarsophalangeal joint of the second 
toe ( Hamilton-Thompson grade II–IV);

• availability of informed written consent to the 
operation and participation in the study.

Exclusion criteria:
• contraindications to surgical treatment (chronic 

diseases in the stage of sub-/decompensation); congenital 
and acquired systemic diseases and their consequences;

• previous surgical foot interventions;
• the patient's inability for follow-up examinations 

during the entire period of observation determined by 
the design of the study.

Withdrawal criteria: 
• refusal of the patient to further participate in the 

study;
• failures of scheduled follow-up examinations due 

to objective or subjective reasons.
The study included 65 patients (76 feet) with 

hammertoe deformity surgically treated between 
2016 and 2018. There were 61 female (93.8 %) and 
4 male (6.2 %) patients. The mean age of patients 
(M ± σ) was 62.8 ± 10.2 years (range, 39 to 82 years, 
median = 64 years). The mean follow-up (M ± σ) 
was 15.3 ± 2.8 months (range, 12 to 21 months, 
median = 15 months).

The patients in this study were diagnosed with 
hammertoe deformity of the second toe; patients with 
hammertoe deformity of the third, fourth or several 
toes were not included in the study. The stability of 
the metatarsophalangeal joint was assessed using the 
Hamilton-Thompson vertical stress test (0-4 grades 

of instability). Patients with metatarsophalangeal 
instability grades 2, 3 and 4 of the second toe were 
included in the study.

Group A included patients who underwent surgical 
procedures (osteotomies of the phalanges of the toes, 
tenotomies, distal osteotomies of the metatarsal bone) 
through a minimally invasive approach using special 
equipment and subsequent fixation with a bandage. 
Group B included patients who underwent open resection 
arthroplasty of the proximal interphalangeal joint in 
combination with Weil osteotomy and transarticular 
pin fixation for 6 weeks. Open operations performed 
simultaneously with the second toe procedure on the 
first metatarsal bone and the first toe in both groups 
included: Scarf osteotomy of the first metatarsal 
bone, Akin osteotomy of the proximal phalanx of the 
first toe, since the study included patients with hallux 
valgus (isolated hammertoe deformity was an exclusion 
criterion). Additional procedures (distal metaphyseal 
minimally invasive metatarsal osteotomy for group A 
and Weil osteotomy for group B) were performed 
on the second metatarsal in all cases and shortening 
of the metatarsal bones was performed with signs 
of overloaded metatarsal heads of the third or fourth 
toes (metatarsalgia, hyperkeratosis). The study did not 
include patients who had undergone midfoot or hindfoot 
procedures, minimally invasive soft tissues procedures 
(tenotomy) or patients who had not undergone 
procedures on the first metatarsal and first toe in the 
specified volume. All patients were operated on by a 
permanent operating team, by one surgeon. The sample 
population was characterized by a normal distribution 
by age and follow-up period (Kolmogorov-Smirnov 
test, asymptotic significance > 0.05) and non-normal 
according to questionnaire data (Kolmogorov-Smirnov 
test, asymptotic significance < 0.05). Major preoperative 
characteristics of patients are presented in Table 1.

Table 1
Distribution of patients by comparison groups

Description
Minimally invasive 

procedures
Arthroplasty of the proximal 

interphalangeal joint
Group А (n = 32) Group B (n = 33)

Total number of the feet involved, n = 76 39 (100 %) 37 (100 %)

Mean age, years (M ± σ) 62.4 ± 10.8 63.1 ± 9.6
range min 40 – max 80 min 39 – max 82

Mean follow-up period, months (M ± σ) 17.0 ± 4.0 16.7 ± 4.4

Metatarsophalangeal joint stability of 2 
toe (Hamilton-Thompson test)

grade 0 0 0
grade1 0 0
grade 2 6 (15.4 %) 5 (13.5 %)
grade 3 8 (20.5 %) 8 (21.6 %)
grade 4 25 (64.1 %) 24 (64.9 %)

American Orthopaedic Foot and Ankle 
Score Forefoot (AOFAS FF) preoperative 

mean score 
(M ± σ)

36.5 ± 14.1 35.4 ± 10.3

Visual analog scale for assessing foot and 
ankle pain 60 ± 8.7 59.3 ± 9.1
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Minimally invasive procedure (Group А)
Minimally invasive procedures were performed 

without a tourniquet. Osteotomies of the phalanges of 
the toes (interphalangeal joint access) and minimally 
invasive distal metatarsal osteotomies (access to the 
metatarsal neck) were performed using a Shannon 
2*12 mm drill (Integra Life sciences Ltd.) at low 
speed (up to 1500 turns /min). Continuous work with 
the drill was produced for no more than 20 seconds. 
The drill was cooled by irrigation with saline from 
a syringe at the working time. The completion 
of the osteotomy was checked manually and 
radiographically. Tenotomies of the flexor brevis and 
extensor muscles were performed using a minimally 
invasive scalpel at the metatarsophalangeal level. 
Completion of tenotomies was checked manually. 
Fixation of osteotomies was performed by tight taping 
with self-fixing bandages (Peha-haft, Hartmann) for 
6 weeks.

Classic open technique (group B)
The operation was performed under a tourniquet 

through the dorsal access at the site of the proximal 
interphalangeal joint. Access was made to the head of 
the proximal phalanx, head of the proximal phalanx 
and the articular surface of the middle phalanx resected, 
the axis of the toe corrected, and transarticular fixation 
with a pin performed. The pin was removed 6 weeks 
after the operation. Weil osteotomy was performed as 
an additional procedure. Osteotomy was performed 
through the dorsal approach at the metatarsophalangeal 
joint of the second toe followed by fixation with a self-
breaking screw.

Early postoperative period
Early ambulation with full weight-bearing was 

recommended for patients of both groups on the next 
day after surgery using postoperative Baruka shoes. 
Postoperative footwear was recommended for at least 
6 weeks after surgery. Non-steroidal anti-inflammatory 
drugs were prescribed in combination with proton pump 
inhibitors for pain relief.

Follow-up
Physical examination was performed preoperatively, 

on the first day after surgery, at 12–14 days after surgery 
(removal of sutures), 6 weeks, 3 months and 12 months 
after surgery. An additional follow-up visit at 6 months 
was recommended in case of negative dynamics of the 
condition or absence of consolidation on radiographs 
at 3 months. Radiological examination of the feet [26] 
with weight-bearing AP and lateral views was 
performed preoperatively, on the first day after surgery, 
at 6–8 weeks and 3 months after surgery.

Grading Scales [27]
Clinical assessment was produced with the American 

Orthopedic Foot and Ankle Society Score (AOFAS 
Score) [27–31] preoperatively and at 12 months after 
surgery. The visual analogue scale for assessing The 
functionality of the foot and ankle was assessed with 
VAS FA (Visual Analogue Scale Foot and Ankle) [32, 33] 
preoperatively, at 2 weeks, 6 weeks, 3 months and 
12 months after surgery. The VAS-FA subjective form 
consisted of 20 questions with the answers to each ranging 
from 0 to 10 points. The total score for this questionnaire 
(200 points) was translated into a 100-point coefficient. 
The Patient Global Impression of Change scale 
(PGIC) [34] was completed at 12 months after surgery. 
The results were interpreted as: 1, worsening condition; 
2–3, minimal improvement; 4–5, average improvement; 
6–7, a significant improvement.

Statistical analysis
The data were recorded and processed in the Microsoft 

Excel program. Hypothesis testing was carried out 
in the SPSS Statistica 23 program. The single-sample 
Kolmogorov-Smirnov test was used to determine the 
subordination of the sample to the Gauss law according 
to the specified characteristics. The U-Mann-Whitney 
test was used to determine the significance of differences 
in the results between groups (independent groups). The 
Wilcoxon T-test was used to determine the significance 
of differences in the results of each of the groups before 
and after treatment (dependent samples).

RESULTS

Clinical assessment of pain with the American 
Orthopedic Foot and Ankle Society Score (AOFAS 
Score)

The mean preoperative AOFAS score was 36.8 ± 21.8 
(range, 4 to 78). The mean score was identical in 
patients treated with minimally invasive approach and 
the classical open procedure (p > 0.05). Postoperative 
results improved significantly with the questionnaire 
in both groups. Outcomes are presented in Table 2 and 
Figure 1.

Visual analog scale for assessing the functionality of 
the foot and ankle

The VAS score was significantly lower in the 
minimally invasive surgery group, with a statistically 

significant difference observed at 2 and 6 weeks 
postoperatively (p < 0.05). The pain assessed with VAS 
FA is presented in Table 3 and Figure 2.

Table 2
The results of surgical treatment measured with the AOFAS

Descriptive 
statistics

Preop 
AOFAS 

AOFAS at 
12 months 

N valid 
(according 
to the list)

N 76 76 76
Minimum 4 32
Maximum 78 100
Mean 36.80 79.96
Standard 
deviation 21.769 13.142
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Fig. 1 The results of surgical treatment measured with the 
AOFAS

Table 3
Results of surgical treatment measured with VAS FA

Visual analog scale for assessing foot 
and ankle pain(M ± σ)

Minimally invasive 
procedure Open surgery

Preop 60.0 ± 8.7 59.2 ± 4.6
2 weeks after 
surgery 32.8 ± 6.3 38.7 ± 1.9

6 weeks after 
surgery 19.8 ± 6.8 25.7 ± 2.6

3 months after 
surgery 16.0 ± 5.5 17.2 ± 6.5

12 months 
after surgery 15.2 ± 7.5 15.9 ± 7.7

Fig. 2 The results of surgical treatment measured with the visual 
analog scale, average values

Patients' global impression of change (PGIC)
The PGIC assessment showed that 25.0 % 

(19 patients, n = 76) patients reported a significant 
improvement (6–7 points on the scale). 38.2 % 
(29 patients, n = 76) reported some improvement 
(4–5 points on the scale), while the rest (36.8 %, 
28 patients, n = 76) reported minimal improvement 
(2–3 points on the scale) at 12 months. None of the 
patients reported worsening of the condition (first 
item). The mean PGIC value (M ± σ) in the minimally 

invasive group (Group A) was significantly better 
(4.5 ± 1.5) than in the open technique group (Group B) 
(4.1 ± 1.6) (p < 0.05) (Fig. 3).

Table 4
Results of surgical treatment measured with PGIC

Descriptive 
statistics Group А Group B N valid 

(according to the list)
N 39 37 37
Minimum 2 2
Maximum 7 7
Mean 4.51 4.08
Standard 
deviation 1.537 1.605

Fig. 3 Results of surgical treatment measured with PGIC

Radiographic examination
There were statistically significant differences in the 

fusion of osteotomy between the groups (p < 0.05). The 
average term for union was 5.1 ± 2.6 months in group A 
and 4.3 ± 2.8 months in group B.

Complications
A floating toe was a common complication in 

the surgical treatment of hammertoe deformity. The 
complication developed in 27 feet (69.2 %, n = 39) of 
group A and in 32 feet (86.5 %, n = 37) of group B. 
The differences between groups were statistically 
significant (p < 0.05) and correlated with the degree 
of metatarsophalangeal joint instability. There was one 
case of nonunion in group B with a breakage of the 
fixation pin that required the removal of the pin. There 
were no infectious complications in the groups.

Clinical instance 1 (group А)
A 61-year-old patient A. presented with pain and 

deformity in both feet (more severely on the right), 
hyperkeratosis under the head of the second metatarsal 
bone and at the site of the proximal interphalangeal joint 
of the second toe of the right foot. She suffered from 
the condition for more than 5 years. She was diagnosed 
with adult acquired flatfoot, valgus deformity of the first 
toe of both feet, hammertoe deformity of the second toe 
of the right foot, overload metatarsalgia (Fig. 4).
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Fig. 4 Preoperative appearance of 
the right foot

Physical examination of the feet demonstrated 
decreased height of the longitudinal and transverse arches 
of both feet, valgus deformity of the first toe of both feet 
and varus deformity of the first metatarsal bone of both 
feet, hammertoe deformity of the second toe of the right 
foot, unstable metatarsophalangeal joint of the 2nd toe of 
the right foot (grade 2), hyperkeratosis under the head of 
the second metatarsal bone along the dorsal surface of 
the proximal interphalangeal joint of the second toe of 
the right foot. On palpation, the patient had pain along 
the medial surface of the head of the first metatarsal, 
under the head of the second metatarsal bone, along the 
dorsal surface of the proximal interphalangeal joint of the 
second toe of the right foot. Weight-bearing AP and lateral 
radiographic views demonstrated decreased height of the 
longitudinal and transverse arches, hammertoe deformity 
of the second toe of the right foot (Fig. 5). Preoperative 
AOFAS scored 50 and the VASFA scored 65 points.

Fig. 5 AP and lateral radiographic views of the right foot before 
surgery (a) and on the first day after surgery (b)

Surgical treatment included minimally invasive 
osteotomy of the proximal phalanx of the second toe, distal 
minimally invasive metatarsal osteotomies of the second 
and third metatarsal bones, minimally invasive tenotomy 
of the flexor tendon of the second toe, Scarf osteotomy 
of the first metatarsal bone fixed with two screws, Akin 
osteotomy of the proximal phalanx of the first toe and 
screw fixation (Fig. 5). The VAS FA scored 40 at 2 weeks of 
surgery. Radiographs of the left foot showed consolidation 
of the osteotomy sites at 18 months (Fig. 6).

Fig. 6 Radiographs of the right foot at 18 months of surgical 
treatment

The patient reported decreased sensitivity of the 
second toe of the right foot causing no discomfort at 
18 months (Fig. 7). The AOFAS scored 83 points and 
the VASFA scored 18 that was rated as a good result.

Fig. 7 Appearance of 
the right foot at 18 
months of surgical 
treatment
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Clinical instance 2 (group B)
A 69-year-old patient B. presented with pain and 

deformity in both feet (more severely on the left), 
symptomatic hyperkeratosis under the heads of the 
second and third metatarsal bones and at the site of 
the proximal interphalangeal joint of the second toe 
of the left foot. She suffered from the condition more 
than 10 years. She was diagnosed with adult acquired 
flatfoot, valgus deformity of the first toe of both feet, 
hammertoe deformity of the second toe of the left foot, 
overload metatarsalgia (Fig. 8). Physical examination of 
the feet showed a decreased height of the longitudinal 
and transverse arches of both feet, valgus deformity of 
the first toe of both feet and varus deformity of the first 
metatarsal bones of both feet, hammertoe deformity of 
the second toe of the left foot, degenerative dislocation 
of the main phalanx in the metatarsophalangeal joint 
of the 2nd toe of the left foot (grade 3), lack of support 
ability of the second toe of the left foot, hyperkeratosis 
under the heads of the second and third metatarsal bones, 
along the dorsal surface of the proximal interphalangeal 
joint of the second toe of the left foot. On palpation, the 
patient had pain along the medial surface of the head of 
the first metatarsal bone, under the head of the second 
and third metatarsal bones, along the dorsal surface of 
the proximal interphalangeal joint of the second toe of 
the left foot.

Preoperative weight-bearing AP and lateral 
radiographic views demonstrated decreased height of the 
longitudinal and transverse arches, hammertoe deformity 
of the second toe of the left foot (Fig. 9). Preoperative 
AOFAS scored 30 and the VASFA scored 78.5 points.

Surgical treatment included resection arthroplasty of 
the proximal interphalangeal joint of the second toe and 
transarticular pin fixation, Weil osteotomy of the second 
and third metatarsal bones and screw fixation, Scarf 
osteotomy of the first metatarsal bone and two screw 
fixation, Akin osteotomy of the proximal phalanx of the 
first toe and screw fixation (Fig. 10).

The VAS FA scored 64 points at 2 weeks. The patient 
reported moderate pain under the heads of the metatarsal 
bones and the absence of active flexion and extension of 
the 2nd toe at follow-up examinations. X-rays of the left 
foot showed consolidation of the osteotomy sites and 
subluxation in the second metatarsophalangeal joint at 
12-month follow-up (Fig. 11).

Physical examination showed maintained restriction 
of active flexion and extension of the proximal 
interphalangeal joint of the second toe at 12-month 
follow-up (Fig. 12). She developed a common 
complication – the floating toe with the second toe not 
touching the surface of the support, she had no pain. The 
AOFAS scored 70 points and the VASFA scored 50 that 
was rated as a good result.

Fig. 8 Preoperative appearance 
of the left foot

Fig. 9 Preoperative weight-bearing AP and lateral radiographic views of the left foot
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Fig. 10 AP and lateral radiographic views of the left foot on the first postoperative day

Fig. 11 Radiographs of the left foot at 12-month follow-up Fig. 12 Appearance of the left foot at 12 months of surgical treatment

DISCUSSION

The minimally invasive forefoot surgery [35] is a 
revival of an old technique that was widely practiced 
several decades ago [36]. The present study confirms 
the hypothesis that minimally invasive surgery can 
compete with open surgery. The findings of the study 
suggest that minimally invasive osteotomy can be safe 
for correction of forefoot deformity with short pulse 
drilling at lower speed. Irrigating the drill with saline 
intraoperatively was shown to reduce the temperature 
and minimize thermal tissue damage. Drilling at a higher 
speed can cause injury to neurovascular structures [37]. 
The potential risks of minimally invasive surgery can be 
accommodated by lower levels of pain in the early and 
late postoperative period that can be associated with an 
incision in the open procedure. However, the level of 
pain was identical at a long term, as evidenced by the 
VAS FA score. The lower pain score was likely to be 

associated with higher PGIC satisfaction scores in the 
minimally invasive group. A comprehensive analysis 
indicated the advantage of the minimally invasive 
technique regarding pain with the technique causing a 
large intraoperative radiation load.

The occurrence of a floating toe was lower with the 
minimally invasive technique and could be associated 
with tenotomies and was high in both groups. The 
complication was seen in all patients with grade four 
degree instability of the metatarsophalangeal joint 
of the 2nd toe and failure of the plantar ligament of 
the metatarsophalangeal joint. The incidence of the 
complication was directly proportional to the grade 
of instability of the metatarsophalangeal joint. The 
complication was rather associated with additional 
procedures (Weil osteotomy, distal minimally invasive 
metatarsal osteotomy) than with major toe interventions.
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