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Introduction Improving the approaches to treating patients with hammer toe deformity is a relevant task. The problems of its 
management are a lack of uniform approaches to treatment, a significant number of complications and low patient satisfaction 
with the results of treatment. A frequent complication of its surgical treatment is a residual abduction deformity of the second 
toe. However, the available literature does not adequately cover the treatment of this pathology, and the methods of surgical 
correction have serious shortcomings. In this regard, the aim of the study was to evaluate the efficiency of the original method 
for correcting the abduction deformity of the second toe. The proposed approach is based on strengthening the medial capsulo-
ligamentous structures of the metatarsophalangeal joint with the tendon of the brevis extensor digitorum muscle. Material and 
methods Treatment of 26 (100 %) patients operated for abduction deformity of the second toe at the Novosibirsk Research 
Institute of Traumatology and Orthopedics in 2016 and 2017 was analyzed. The index group included 15 (58 %) patients in 
whom the residual deformity was corrected according to the method proposed. In the comparison group of 11 (42 %) patients, 
the capsulotomy method of the second metatarsophalangeal joint with transarticular Kirschner wire fixation was used. The 
study utilised clinical, radiological, surgical, functional and statistical methods. Final treatment results were evaluated one 
year after the operations. Results The use of the traditional method of abduction deformity correction in the comparison group 
demonstrated its extremely low efficiency. On the other hand, in the index group there were 13 (86.6 %) good results, one (6.7 
%) was fair and one (6.7 %) was poor. Discussion Many authors state the importance of restoring the capsulo-ligamentous 
complex of the metatarsophalangeal joint while correcting the toe deformity in the plantar plane. The method proposed by us 
enables to avoid residual deformities due to a number of technical merits with good clinical and functional results.
Keywords: foot, abducted toe deformity, metatarsophalangeal joint, extensor digitorum brevis, tendon transfer, capsulo- 
ligamentous plasty

INTRODUCTION

Deformity of lesser toes in the transverse plane 
is defined as the medial or lateral deviation of the 
longitudinal axis of the proximal phalanx with 
respect to the longitudinal axis of the metatarsal bone 
according to clinical and radiological data [1]. The 
lateral deviation of the second toe is known in the 
literature under various names that are synonymous 
terms: “hallux valgus deviation of the second toe”, 
the syndrome of “pre-dislocation or instability of the 
second metatarsophalangeal joint in the plantar plane”, 
etc., but from the practical point of view, the term 
“abduction deformity of the second toe” (hereinafter 
ADST) is more suitable. This deformity causes a gross 
cosmetic defect and severe functional impairment of 
the forefoot. It has been proven that when the second 
toe is abducted, the first one loses its lateral support, 
which contributes to the lateral deviation of the big 
toe and may cause hallux valgus recurrence after 
reconstructive operations [2, 3]. Although deformities 
of the lesser toes in the plantar plane have been known 

for a long time, the etiology of ADST has not been 
precisely defined and, probably, it is multifactorial. 

An important pathogenetic factor is the absence 
of the medial lumbrical muscle of the second 
metatarsophalangeal joint [4]. The damage to the 
stabilizers of the metatarsophalangeal joint (capsule, 
collateral ligaments and/or the plantar plate) as 
well as the imbalance in the traction force of the 
tendons passing around the joint (long and short 
flexors and extensors of the toes, lumbrical and 
interosseous muscles) are significant factors [5]. 
Moreover, it is necessary to emphasize a frequent 
iatrogenic role in the formation of residual abduction 
deformity due to the complex regional anatomy of 
the metatarsophalangeal joints of the foot and the 
presence of numerous anatomical structures in a 
limited space and, most importantly, the imperfection 
of the available treatment methods [6, 7].

It is not difficult to diagnose ADST basing on 
the findings of clinical examination and evaluation 
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of the radiographs of the foot in AD and lateral 
views taken under load [1]. The available methods 
of conservative treatment for ADST do not provide 
deformity correction and are aimed at alleviating 
the symptoms and eliminating the pathological 
conflict of the deformed toe with the shoes [8]. 
Surgical treatment is the method of choice, and 
various surgical options have been described, from 
simple percutaneous capsulotomy to comprehensive 

restoration of the involved stabilizing structures of 
the metatarsophalangeal joint with or without bone 
osteotomies. The choice of a specific correction 
technique should be based on the etiology, grade 
and mobility. Moreover, in the professional literature 
on foot surgery, the issues of choosing the ADST 
correction method have not been covered sufficiently. 
Thus, the goal of this work was to evaluate the effect 
of a new ADST correction approach.

MATERIAL AND METHODS

Surgical treatment of 26 patients with ADST (one 
(3.8 %) male, 25 (96.2 %) females) in the average 
age of 56 ± 3.8 years who underwent interventions 
at our institute in 2016 and 2017 was analyzed 
retrospectively. All patients had a history of previous 
operations for longitudinal and transverse flatfoot, 
hallux valgus of grade 3 and hammer deformity of 
the second toe. As the main stage of hallux valgus 
correction, all patients had undergone the Lapidus 
surgery, internal fixation. Correction of the first ray of 
the foot was achieved in all of them.

Arthrodesis of the proximal interphalangeal 
joint using an internal fixator combined with plantar 
plasty of the metatarsophalangeal joint to correct the 
hammer deformity of the second toe had been used 
in ten female patients (38.5 %) in the average age of 
50 ± 7.3 years, and the Taylor operation, arthrodesis of 
the proximal interphalangeal joint with percutaneous 
transarticular fixation with a Kirschner wire, had been 
performed in 16 patients (61.5 %), one male (6.3 %) 
and 15 females (93.7 %) among them in the average 
age of 58 ± 2.7 years [9].

Six months after the operations, a residual 
abduction deformity of the second toe was revealed in 
all the patients. The patients were re-hospitalized for 
surgical treatment for ADST. Patients were divided 
into two groups (index and control) by the method of 
ADST residual deformity correction. The comparison 
(control) group included 11 (42 %) patients in 
whom the method of capsulotomy of the second 
metatarsophalangeal joint with transarticular fixation 
of the toe with a Kirschner wire was used [1, 10]. 
The index group of 15 (58 %) patients underwent 
ADST correction according to the original technique 
proposed by our clinic. Its methodology is tendon 
plasty of the medial capsulo-ligamentous complex of 
the second metatarsophalangeal joint, for which RF 
patent No. 2668467 have been obtained [11].

Clinical examination All patients were examined for 
clinical signs of the pathology before surgical treatment 
and its correction, immediately after the interventions, 
four weeks and one year after them by visual examining, 
palpating, measuring (with a goniometer) of the 
range of passive and active movements in the second 
metatarsophalangeal joint and the values of angulation 
at the level of the metatarsophalangeal and proximal 
interphalangeal joint of the second toe. To assess the 
support function of the second toe and the stability 
of the second metatarsophalangeal joint, all patients 
underwent functional tests: a “paper grip” test [12] and 
a modified Lachman drawer test [13]. The integrated 
frequency of clinical outcomes was evaluated based on 
classification features (Table 1).

Radiographic method Weight-bearing AP and 
lateral radiographic views of the foot were taken before 
the operation and one year after the operation. Also, 
radiographic checks were done intraoperatively. To assess 
the abduction deformity of the second toe, angulation 
was evaluated at the level of the metatarsophalangeal 
and proximal interphalangeal joints in the sagittal and 
frontal planes. The main indicator of ADST is the 
magnitude of the second metatarsophalangeal angle in 
the anteroposterior projection.

Surgical method All operations ran under spinal 
anesthesia with the patient in the supine position and 
a squeezing hemostatic tourniquet was used on the 
involved limb. A linear incision was made over the 
second ray of the foot, three to 4 cm long and centered 
over the metatarsophalangeal joint. The skin and 
underlying soft tissues were dissected by layers; next, 
tendons of the long and short extensors of the toe were 
exposed. Normally, the tendon of the latter is located 
in the lateral subluxation and abducts the toe laterally. 
The metatarsophalangeal joint was exposed and lateral 
release was performed by longitudinal dissection of the 
dorsal capsule and collateral ligaments.
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Table 1
Treatment outcome clinical criteria

Clinical outcome Classification signs

Good 

– painless foot and regular footwear (AOFAS 75-100 points) 
– radiography confirms correction, no residual deformities 
– no complications
– patient’s satisfaction with functional and cosmetic outcomes 

Fair 

– painless foot or mild pain combined with one of the following signs: failure of the toe to contact 
the supporting surface or the need in additional orthopaedic product use (AOFAS 51-74 points)

– radiography confirms correction, no residual deformities 
– no complications
– patient’s satisfaction with functional and cosmetic outcomes

Poor 

– foot pain, deformity recurrence, need to wear orthopaedic shoes (AOFAS 50 or less points)
– radiography confirms insufficient correction, residual deformity and/or bone dislocation 
– complications such as suppuration, vascular or neurologic deficit, etc
–patient’s dissatisfaction with functional and cosmetic outcomes

Note: AOFAS scale for forefoot functional assessment 

The second toe was fixed in the anatomical 
position with a transarticular Kirschner wire in the 
comparison group. The patients of the study group 
underwent tendon transfer of the short extensor of the 
toes of the foot, for which a canal was drilled with a 
two-millimeter tip burr perpendicular to the axis of 
the toe in the mediolateral direction at the base of the 
proximal phalanx. The tendon of the short extensor of 
the toes of the foot was cut off in its tendon-to-muscle 
portion. The distal end of the cut-off tendon was 
stitched with the “000” thread and was transferred 
through the canal formed to the medial surface of 
the base of the proximal phalanx. In the intertarsal 
space, the “thrown through” tendon was pulled 
under the complex of the tarsal ligaments and the 
deformed toe was reduced by tendon traction (Fig. 1). 
The physiological position achieved was secured by 
transossal fixation of the tendon of the short extensor 
to the diaphysis of the second metatarsal bone. Pulling 
the tendon between the heads of the metatarsal bones 
in the space provides reduction, and a strong fixation 

to the metatarsal bone diaphysis provides reduction 
stability.

Next, there was a radiographic control followed 
by wound stitching by layers, aseptic dressing, and 
"figured" bandaging. In the post-operative period, the 
patients were allowed a dosed weight-bearing on the 
foot in specialized unloading shoes for four weeks, 
followed by gradual inclusion of the anterior foot 
into weight-bearing. They all passed a rehabilitation 
programme under the supervision of a physiotherapist 
and exercise therapy instructor. The Kirchner wire in the 
control group patients was removed after four weeks.

Functional method Pain was assessed with a ten-
point VAS scale, and the AOFAS scale for the forefoot 
was used for functional parameters.

Statistical method Statistical processing was performed 
using the IBM SPSS v.21.0 software. The results of the 
study are presented by descriptive statistics. To assess the 
statistical significance of the differences in means, the 
Student's t-test and the Mann-Whitney nonparametric test 
were used. The significance level was 0.05.

Fig. 1 Patient M., 49 years 
old, with residual abduction 
deformity of the second toe of 
the right foot with a second 
metatarsophalangeal angle of 
26° in the X-ray (a); extensor 
brevis tendon transfer with 
the technique proposed and 
elimination of the second 
toe deformity by traction for 
the transferred tendon (b); 
appearance of the foot after 
the operation; the second 
metatarsophalangeal angle is 
4 degrees which is within the 
anatomical norm (c)
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RESULTS

Among 180 (100 %) patients treated surgically for 
static forefoot deformities at the Novosibirsk Research 
Institute in 2016, ADST developed in 26 (14.4 %) 
patients. No correction effect was noted in 11 (42 %) 
patients of the comparison group of capsulotomy 
with transarticular fixation of the toe with a wire to 
correct ADST. All showed clinical and radiological 
manifestations of deformity recurrence (Table 2).

The method proposed by us and used in 15 (58 %) 
patients of the index group was effective as correction 
and restoration of the function of the second toe were 
achieved (Table 2). Moreover, the range of passive and 
active movements in the second metatarsophalangeal joint 
one year after surgery corresponded to the preoperative 

values. The toe contacted the supporting surface in 
all 15 patients, as evidenced by a positive “paper grip” 
test. When comparing radiographs before the operation 
and one year after the operation, a significant decrease 
in the lateral deviation of the proximal phalanx to the 
average physiological norm was noted, and partial loss 
of correction was observed only in one patient (6.7 %), 
which was associated with superficial infection in the 
post-operative period and gross degenerative changes in 
the soft tissues in the area of operation. All patients were 
satisfied with the outcomes and pain decreased on average 
by 2.5 points after the intervention. Functional indicators, 
according to the AOFAS scale for the forefoot, increased 
by 26.4 points at one-year follow-up.

Table 2
Dynamics of clinical and radiographic findings in the patients studied, n = 26 (M ± m)

Parameter
Index group (n = 15) Comparison group (n = 11)

Prior to 
operation

One-yea 
follow-up

Prior to 
operation

One-year 
follow-up

Passive movements in the second MPJ 61.3 ± 9.3° 52.0 ± 15.6° 59.4 ± 11.3° 50.3 ± 12.6°
Active movements in the second MPJ 33.2 ± 13.7° 28.9 ± 12.7° 30.3 ± 17.8° 24.2 ± 6.8°
Lateral deviation of the second toe 25.1 ± 2.7°* 8.6 ± 1.8°* 26.5 ± 4.3° 18.3 ± 6.7°

Functional tests (number of patients)

“Paper grip” test
«+» 13 15 7 8
«–» 2 – 4 3

Lachman test 
(Hamilton-Thompson, 1999)

0 10 13 3 4
I 4 2 5 4
II 1 – 3 3

Radiographic findings in plantar plane
Second metatarsophalangeal angle 27,2 ± 2,2°* 8,1 ± 1,4°* 25,6 ± 3,2° 20,3 ± 2,7°
Proximal interphalangeal angle 3,1 ± 1,5° 3,0 ± 2,5° 1,1 ± 2,3° 1,0 ± 3,1°

Functional methods (points)
VAS scale 4.3 1.8 3.9 3.8
AOFAS scale 66.3 92.7 68.7 70.7

Notes: * – statistical difference, p < 0.5; MPJ - metatarsophalangeal joint

DISCUSSION

Operations for static foot deformities, including 
hallux valgus and hammertoe deformity of lesser toes, are 
some of the most common orthopedic procedures. It is 
no secret that to date, there is a high rate of complications 
after them, one of which is ADST. Unfortunately, there 
is no sufficient information on the treatment of this 
complication in the professional literature. We conducted 
an analysis of the literature on ADST correction 
methods and found out that approaches to its treatment 
remain debatable. According to several authors, 
osteotomies for the correction of lesser toe deformities 
in the transverse plane have serious shortcominga 
along with their merits. Thus, the osteotomy proposed 
by W.H. Davis [14] of the proximal phalanx of the toe 
results in a residual subluxation or dislocation at the 

level of the metatarsophalangeal joint, which, according 
to the author, limits its use as a separate and/or main 
treatment option for ADST. The Weil osteotomy in the 
treatment of lesser toe deformities in the plantar plane 
ends with up to 35 % of complications, as a number of 
authors report [15–18], which is an unacceptable risk 
level. The most common complication that occurs after 
the Weil osteotomy is a absent contact of the toe with the 
supporting surface under it or formation of the so-called 
“floating toe”, aseptic necrosis of the osteotomised head, 
and bone fragmentation during osteosynthesis [19].

Thus, the current experience in the treatment of 
ADST shows the unambiguous need for interventions 
on the soft tissues of the metatarsophalangeal joint. The 
generally accepted method of capsuloligamentotomy 
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deformities due to a number of technical advantages. 
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poor outcome associated with superficial infection, 
degenerative changes in the area of the surgical 
intervention and partial loss of deformity correction.
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