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Introduction To date, there is no unified approach to the choice of tactics in surgical treatment of osteoarthritis of the first
metatarsophalangeal joint (OA of the first MTP joint). On the other hand, it is known that the technique of autologous matrix-
induced chondrogenesis has been successfully used for osteochondral defects in the hip, knee and ankle joints. Therefore, we have
proposed to use this technique in the treatment of patients with OA of the first MTP joint. Purpose To study the possibility of surgical
treatment of patients with OA of the first MTP joint with the use of chondroplasty utilizing the technique of autologous matrix-induced
chondrogenesis, to demonstrate the immediate and mid-term results of such operations. Materials and methods Chondroplasty was
performed in 15 patients (16 feet) with OA of the first MTP joint. The examination determined the range of motion in of the first MTP
joint; the condition was assessed according to such scales as VAS for pain, AOFAS, FFI. Chondroplasty in of the first MTP joint was
performed with the technique of induced chondrogenesis using a collagen matrix. The results of the operations were evaluated after 3,
6 and 12 months. Results As early as 3 months after the operation, there was a marked significant increase in the range of motion and
a decrease in pain of the first MTP joint. Moderate positive dynamics were observed after 6 and 12 months. Conclusion The results of
the operations showed that chondroplasty of the first MTP joint is an effective method of surgical treatment that provides pain relief and
significantly improves the quality of life of patients with OA of the first MTP joint. However, it is necessary to study long-term results.
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INTRODUCTION

Osteoarthritis (OA) of the first metatarsophalangeal
joint (MTP joint) is a disease characterized by pain that
worsens by walking, stiffness in the first MTP joint
and a decrease in the range of its motion, especially
dorsiflexion. OA of the first MTP joint is the second
most common pathological condition of the foot after
hallux valgus and occurs, according to various sources,
in 2.5-10 % of the adult population [1, 2]. Currently,
various methods of surgical treatment of OA of the
first MTP joint have been used, such as cheilectomy,
shortening osteotomies of the first metatarsal bone
(MTB), hemiarthroplasty, arthroplasty and arthrodesis,
and all of them have both merits and shortcomings [3—
7]. For patients with radiological stages I and II of the
disease and moderate or recurrent pain and stiffness,
cheilectomy is the recommended surgical method [8].
However, it should be noted that cheilectomy does not
restore the damaged areas of the articular cartilage,
and therefore, pain may recur. Moreover, Canseco et
al [9] in their study did not observe an increase in the
volume of active movements in the first MTP joint
after cheilectomy and pointed to the need to develop
rehabilitation measures after surgical treatment.
In turn, according to a study by Seibert et al [10],
cheilectomy is contraindicated in the late stages of the
disease, when less than 50 % of the articular surface
of the first MTP joint remains intact. Harrison et al
believe that pain by the medium range of motion in
the first MTP joint is associated with the presence of

extensive articular cartilage defects. In such cases
the effect of cheilectomy is doubtful [11]. Therefore,
Coughlin and Shurnas, who developed the clinical and
radiological classification of the OA of the first MTP
joint, do not recommend cheilectomy in stages 3 and
4 of the disease [12]. Peace et al indicate that the main
problem associated with cheilectomy is postoperative
chondrolysis and recurrence of osteophytes and, as
a consequence, further deformation of the articular
surfaces of the first MTP joint [13]. Perler et al
reported that the recurrence of dorsal osteophytes after
cheilectomy occurs in 30 % of patients [14].

To date, there is no unified approach to the choice
of tactics for surgical treatment of OA of the first
MTP joint. However, it is known that the technique of
autologous matrix-induced chondrogenesis has been
applied quite successfully for osteochondral defects in
the knee [15, 16], hip [17, 18] and ankle [19] joints.
Collagen matrices such as Chondro-Gide (Geistlich) and
Aesculap Novocart Basic (BBraun) have been licensed
in the Russian Federation, and the manufacturers’
indications allow their use for the ankle joint. Therefore,
it was suggested that these matrices could be also used
in the forefoot. Therefore, we proposed this technique
for treatment of patients with OA of the first MTP joint,
including in the late stages of the disease [20, 21]. This
study was fully consistent with ethical standards and was
approved by the ethics committee of the V.A. Nasonova
Research Institute of Rheumatology in 2018. All patients
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were informed about the upcoming operation and signed
informed consents.

Purpose To study the possibility of surgical
treatment of OA of the first MTP joint with the
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use of chondroplasty utilizing the technique of
autologous matrix-induced chondrogenesis and to
demonstrate the immediate and mid-term results of
such operations.

MATERIALS AND METHODS

To date, chondroplasty using the technique of induced
chondrogenesis was performed at V.A.Nasonova
Research Institute of Rheumatology in 15 patients with
OA of the first MTP joint. Ten patients were females
and five males. One patient underwent surgery on both
feet; thus, a total of 16 operations were performed. The
recruitment of patients into the study was carried out
taking into account the following exclusion criteria:
age under 18 and over 74 years old, body mass index
> 40, presence of systemic diseases of moderate and
high activity, and infectious diseases. The median age
of patients was 55 years old (range, 20 to 71 years). To
assess the condition of patients before surgery, the range
of motion in the first MTP joint was evaluated, and the
following questionnaires were also used:

1) Visual analogue scale (VAS) for pain (0 — no
pain, 100 mm — maximum pain);

2) American Orthopedic Foot & Ankle Society
(AOFAS) score from 0 to 100 points, where O is the
worst condition of the foot, 100 is the best [22];

3) The functional index of the foot (Foot Function
Index — FFI), from 0 to 10, where 0 is the best index,
10 is the worst one [23].

Due to a small sample size, it was decided that for
each of the estimated parameters, instead of the mean,
it was more expedient to calculate the median.

Table 1 presents the clinical parameters of patients
before surgery. All patients experienced significant
limitation of movements in the first MTP joint before
surgery. The minimum range of motion was 15°,
the maximum was 50°, and the median was 20°. The

median of pain according to VAS was 70 mm (minimum
pain level — 40 mm, maximum — 90 mm), while the
median AOFAS score was 52 (minimum score — 39,
maximum — 62). The median FFI before surgery was 6.1
(minimum — 2.1, maximum — 8.2) (Table 1, Fig. 6-9).
To assess the clinical and radiographic parameters
before surgery, the above-mentioned Coughlin-
Shurnas classification was used (Table 2) [12]. This
classification includes five stages of the disease (from
0 to 4) and such characteristics as the state of the joint
space of the first MTP joint, the nature of pain and
limitation of the range of motion in the joint.

Tablel
Clinical parameters before the operation
VAS Range of motion
Age, for pain, AOFAS FFI |in 1§MTP joint,
years mm score degrees
1. 22 80 52 6.9 20
2. 27 70 55 6.2 25
3. 25 90 52 7 20
4. 40 80 39 7.6 15
5. 70 70 52 6.5 30
6. 58 60 54 43 30
7. 71 70 52 6.5 15
8. 37 50 62 3.7 20
9. 52 50 47 2.7 20
10. 20 90 44 6.3 15
11. 63 80 52 5.8 20
12. 66 90 52 8.2 15
13. 59 70 39 5.9 15
14. 66 40 55 2.1 20
15. 59 60 45 4.4 50
16. 52 50 52 3.2 40
Median| 55 70 52 6.1 20
Table 2

Clinical and radiographic Coughlin-Shurnas classification of OA of the first MTP joint

Stage Dorsiflexion Radiographic signs Clinical signs
40° to 60° and / or g -
0 |10to 20 % loss of volume | Normal No pain, slight restriction of
compared to a healthy foot motions
30° to 40° and / or Dorsal osteophyte on the head of the 1** MTB, minimal g{g;girn%rﬁ%flcasé?ﬁilcg ?frrsl l;tythe
1 [20to 50 % loss of volume | narrowing of the joint space, minimal periarticular sclerosis, extreme oir’ltpo £ dorsal and / or
compared to a healthy foot | minimal flattening of the head of the 1st MTB Pol
plantar flexion
Dorsal, lateral and, possibly, medial osteophytes, creating a .
o o picture of flattening of the head of the 1% MTB; in the lateral view Moderate to severe pain and .
10° to 30° and / or 50 . . : . stiffness that may be persistent;
2 | to 75 % loss of volume — involvement in the pathological process of no more than % of by examination. pain ocours
com a;)e d to a healthy foot the joint space from the dorsal side; narrowing of the joint space, uy to the maxin’nll)m oints of
P y sclerosis of the articular surfaces — from mild to moderate; sesamoid dgrsal and plantar ﬂgxion
bones, as a rule, are not involved in the pathological process P
(e} 0,
li()'slsoofasgl/mo;e7(§0tr(r)1 lgr% d/l;o Pronounced narrowing of the joint space, possible Almost constant pain and
3 | a healthy foot Therg is also periarticular cystic enlightenments, involvement of more severe stiffness at the extreme
asi iﬁzant limitation of than Y4 of the joint space from the dorsal side, as well as of points of the range of motion,
plar%trall r flexion (usually, < 10°) sesamoid bones in the pathological process but not at the middle level
. Same as in stage 3, but there is
4 | Same as for stage 3 Same as in stage 3 pain in the middle range of motion
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According to the Coughlin and Shurnas classification,
two patients had OA stage 2 of the first MTP joint, nine
patients (one patient with bilateral involvement) had
stage 3, and four patients had stage 4 of the disease.

The presence and size of the defect in the
cartilaginous covering of the head of the 1% MTB
was determined intraoperatively. Solitary defects of
cartilage with a diameter of more than 3 mm (Fig. 1),
as well as multiple defects, regardless of size, were
subjected to plasty. In most cases (11 operations),
multiple cartilage defects were found in combination
with osteophytes (Fig. 2), thereby, total cheilectomy
was performed with the entire area of the head of the
18 MTB was covered by a collagen matrix.

.

Fig. 1 Solitary defect in the cartilage with a diameter of
more than 3 mm

Fig. 2 Multiple osteophytes and cartilage defects

Chondroplasty of the 1** MTP joint was performed
according to the technique of autologous matrix-
induced chondrogenesis using the Chondro-Gide
and Aesculap Novocart Basic collagen matrices.
The matrix is composed of collagens type 1 and
type III. It has a two-layer structure with dense and
porous sides. The dense layer has a smooth surface
impermeable to cells, which prevents the penetration
of mesenchymal stem cells into the joint cavity. The
porous layer consists of loose collagen fibers that
promote cell adsorption. The matrix is fabricated from
porcine collagen; some time after the operation, it is
naturally resorbed by enzymes to free amino acids.
During the manufacturing process, telopeptides, the
main determinants of antigenicity, are removed from
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collagen. Thus, the collagen matrix has a minimal
immunogenic potential [15, 16].

The operation was performed as follows. A 4-cm long
direct medial skin incision in the projection of the first
MTP joint was performed, followed by mobilization of the
skin with subcutaneous fat, exposure of the joint capsule
and arthrotomy. Removal of osteophytes from the head
of the 1 MTB and the base of the proximal phalanx of
the first toe — cheilectomy; the area of the cartilage defect
on the head of the metatarsal bone was processed to the
subchondral bone (Fig. 3); microfracturing (Fig. 4) of this
area was performed using a thin needle or awl (distance
between the microperforations was 2-3 mm), and the
defect was covered with a previously prepared two-layer
collagen matrix, which was fixed along the edges to the
intact cartilage and / or periosteum using thin absorbable
sutures, such as PDS, Vicryl or Monosyn 6-0 (Fig. 5). It
is important to pay attention to the fact that the matrix was
applied to the defect with a porous layer to the bone surface.

Fi

Fig. 3 Cheilectomy, removal of the remnants of damaged cartilage

Fig. 4 Microfracturing of the defect zone

Fig. 5 Placement and fixation of the collagen matrix with
thin absorbable filaments
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Before application, the collagen matrix was kept
in 0.9 % NaCl solution for 7 minutes, and then the
matrix was trimmed along the edge of the defect.

In the postoperative period, the patients were
verticalized the next day after the operation. According
to the technique of induced chondrogenesis, axial load
on the operated joint should be excluded for 4-6 weeks
after surgery [15, 18]. Therefore, a prerequisite for
postoperative rehabilitation in our patients was wearing
Baruk's shoes to unload the forefoot for 6 weeks. With
regard to movements after chondroplasty of large joints
using the technique of matrix-induced chondrogenesis,
it is recommended to exclude movements in the
operated joint for two postoperative weeks, and then
to begin gradual training [15, 18]. On the other hand,
after cheilectomy, a number of authors, in particular,
Seibert et al, point to the need for early aggressive
training of movements in the first MTP joint [10].
Based on this, we recommended that our patients start
gradual training of passive movements in a painless
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range one week after surgery. It was recommended to
start active movements three weeks after the operation.
After switching to normal shoes, patients were advised
to use individual insoles.

The results of the surgical treatment were assessed
using the above questionnaires at follow-ups of 3, 6
and 12 months after the operation.

The Wilcoxon test (W) was used as a statistical
test, the essence of which is that the absolute values
of the severity of shifts in one direction or another
are compared [24, 25]. Consequently, the greater is
the magnitude of the severity of the shift, the less the
likelihood of random shifts. If the shift goes down, the
criterion W acquires a positive value (+); if the shift
goes up, the criterion W acquires a negative value (-).

This test was chosen due to the small sample size
(minimum number of subjects is 5, the maximum is 50).

Statistical calculations of the Wilcoxon test, as
well as the level of statistical significance (p), were
performed using the BioStat® software.

RESULTS

The dynamics of the pain according to the VAS is
shown in Figure 6. It shows that by the third month
there was a pronounced significant decrease in pain
from 70 to 27.5 mm (minimum value was 10 mm, the
maximum value was 40 mm; p <0.024, W =36.0).
Positive dynamics was also observed after 6 months,
as the level of pain according to the VAS was 10 mm
(minimum  value — 0 mm,  maximum — 40 mm;
p <0.024, W = 36.0). By the end of the first year of
follow-up, the median pain according to the VAS
remained at the same level of 10 mm (minimum
value— O mm, maximum-— 40 mm; p <0.024,
W =36.0).

Figure 7 shows the dynamics of the AOFAS score.
As shown, by the third month after surgery, the median
AOFAS increased from 52 to 78.5 (minimum score —
67, maximum — 85 (the presence of a minimum level
of pain and limitation of range of motion less than
75°); p < 0.024, W = -36.0 ). After 6 months, positive
dynamics continued as the median AOFAS score grew
to 90 (minimum score — 67, maximum — 95; p < 0.024,

70
60
40 27,5
20 ' 10 10
-7
0

Before surgery 3 months 6 months 12 months

post-surgery post-surgery post-surgery

Fig. 6 Dynamics of VAS pain levels
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W = -36.0), and after 12 months it was also 90 (minimum
score — 67, maximum — 95; p < 0.024, W = -36.0).

The dynamics ofthe FFI index is shown in Figure 8.
Three months after the performed chondroplasty,
the median of the index decreased from 6.1 to 2.3
(minimum index — 1.1, maximum — 4.7; p <0.024,
W =36.0). After 6 months, the FFI index continued
to decrease to 1.1 (the minimum index was 0.5, the
maximum was 3.9; p <0.024, W =36.0), and after
12 months the index stabilized at 1.1 ( the minimum
index is 0, the maximum is 2.7; p < 0.024, W = 36.0).

As for the range of motion in the 1st MTPjoint (Fig. 9
to Fig. 11), a significant increase was also observed
after three months post-surgery, as the median range of
motion increased from 20° to 60° (the minimum value
is 30°, the maximum is 70°, p<0.024, W =-36.0).
After 6 months, positive dynamics persisted with the
median range of motion of 65° (minimum value — 30°,
maximum — 80°, p < 0.024, W = -36.0), and after a year
of observation it increased to 67.5° (minimum value —
40°, maximum — 90°, p < 0.024, W = -36.0).

90 90
785
80
52
60
40
20

0" Before surgery 3 months 6 months 12 months
post-surgery  post-surgery post-surgery

Fig. 7 Dynamics of the AOFAS indicators
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Fig. 8 Dynamics of the FFI index
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Fig. 9 Dynamics of the range of motion in the 13 MTP joint

Fig. 10 Dorsiflexion in the 1 MTP joint: a before surgery — 300;
b 3 months. after surgery — 550 (patient P., 52 years old; VAS
pain before surgery — 50 mm, after 3 months — 20 mm; AOFAS

before surgery — 52, after 3 months — 63)

Postoperative X-ray of the feet showed a
significant increase in the joint space of the 1* MTP
joint (Fig. 12). However, at follow-ups after 3, 6,
and 12 months, narrowing of the joint space was
observed. However, clinically, this phenomenon was
not manifested by a decrease in the range of motion.
On the contrary, in general, patients noted an increase

Fig. 12 Radiographs of the foot: a before surgery;
b on the first day after surgery

Fig. 11 Dorsiflexion in the 1 MTP joint 6 months
after surgery — 80° (patient Sh., 58 years old,;
dorsiflexion before surgery — 30°, VAS pain
before surgery — 60 mm, after 12 months — 0 mm;
AOFAS before surgery — 52, 12 months after — 95)

in the range of motion in the 1 MTP joint from the 3%
to the 12" month after the surgery (Fig. 9).

Of particular interest is the MRI image after
surgery. In the area of the head of the 1% MTB,
botryoid-like  formations, "artifacts", are seen
(Fig. 13). Most likely, this is how the formed hyaline-
like tissue looks on MRI.

Fig. 13 MRI of the foot 12 months post-surgery (patient D.,
40 years old)

DISCUSSION

The problems of surgical treatment of OA of the first
MTPjoint have been studied for more than a dozen years.
Disease classifications have been developed, and many
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surgical methods have been described. Such techniques
as shortening osteotomy of the first MT bone [26, 27],
cheilectomy or, in advanced stages, arthrodesis of
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the first MTP joint [28-30] have been used and have
proven, in general, their positive effects. However,
these methods are not without certain shortcomings. In
particular, excessive shortening of the first MT bone is
frequent after osteotomy and leads to metatarsalgia due
to overload [31]. With all the advantages of arthrodesis in
achieving a complete pain relief, the main shortcoming
of this method is the lack of movements in the first MTP
joint and, as a consequence, biomechanical disorders of
the foot by walking [32, 33]. Cheilectomy is ineffective
in the advanced stages of the disease [ 10]. Chondroplasty
has been used, including for disease stages 3 and 4.
Moreover, in contrast to induced chondrogenesis,
cheilectomy does not restore cartilaginous tissue of the
first MTP joint. Despite the constant improvement of
the technology for manufacturing endoprostheses for
hemiarthroplasty and arthroplasty of the first MTP joint,
the risk of developing aseptic instability remains high,
and this method cannot be recommended as the method
of choice [1, 34]. Thus, the problem of surgical treatment
of OA of the first MTP joint has not been resolved yet.
Only one study, conducted in 2016, proposes a
similar method of surgical treatment for OA of the
first MTP joint to the one used in our study, a modified
version of induced chondrogenesis called MAST
(matrix-associated stem cell transplantation) [35].
M. Richter followed up the patients (n = 20) for two
years after the chondroplasty of the first MTP joint
and observed a significant improvement in clinical
parameters both in the early postoperative period and
after the mentioned period of follow-up (including an
increase in range of motion in the first MTP joint).
The range of motion increased from 29.1° to 60°.
Erdil M. et al compared the efficacy of arthroplasty
(group A), hemiarthroplasty (group B) and arthrodesis
(group C) of the first MTP joint [5]. They followed up
their patients (n = 38) for 24—66 months. In group A, the
level of pain according to the VAS decreased from 76.7
to 15.8 mm, the AOFAS score increased from 45.4 to
92.7, the range of motion in the first MTP joint increased
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from 15.1° to 40°. In group B, pain according to VAS
decreased from 78.6 to 13.6 mm, the AOFAS score
increased from 38.4 to 86.1, the range of motion in the
first MTP joint increased from 20.5° to 47.9°. Group C
showed a decrease in the VAS pain from 80 to 5 mm
and an increase in AOFAS score from 33.6 to 76.1. The
range of motion due to arthrodesis of the first MTP joint
in this group of patients decreased from 13.3° to 0°.

Coughlin and Shumnas, in turn, analyzed long-term
results after cheilectomy of the first MTP joint (mean
follow-up was 9.6 years). In their study, the level of
pain according to VAS decreased from 80 to 15 mm, the
AOQOFAS score increased from 45 to 90, the range of motion
in the first MTP joint increased from 39.2° to 63.7° [12].

In our study, by the 12th month of observation, the
range of motion in the first MTP joint increased from
20° to 71.5°; pain decreased from 70 to 5 mm according
to VAS, and the AOFAS score increased from 52 to 92.5.
Compared to the above studies, the results we obtained
are better; however, unlike other studies, we currently
have insufficient data on long-term results.

A particularly significant difference in the
indicators before and after surgery is observed in
the early period, after three months: the level of
pain according to VAS decreases by an average of
42.5 mm, AOFAS score increases by 26.5, FFI by
2.1. It should be noted that the difference in indicators
is statistically significant (p < 0.024).

Asignificant improvement in the condition of patients
in the early postoperative period may be associated with
wearing of Baruk's postoperative shoes which provide
unloading of the forefoot. However, patients use
these shoes only for 6 weeks after the operation; and,
nevertheless, the positive dynamics was observed for
6 months after the operation. There was further decrease
in pain according to VAS by 17.5 mm, an increase in
AOFAS by 12.5, and FFI by 1.2. The difference in
indicators is also statistically significant (p < 0.024).

Later, after 12 months of observation, the condition
ofthe patients, in general, stabilizes at a positive level.

CONCLUSION

The short- and mid-term results of the operations
showed that chondroplasty of the first MTP joint using
a collagen matrix is a rather effective method of surgical
treatment that provides pain relief and significantly
improves the quality of life of patients suffering from
OA of the first MTP joint. Patients have a significant

positive dynamics three months after the operation, and
within a year the condition stabilizes at a good level.
The study of long-term results of the operations will
give a more complete assessment of the efficacy of
chondroplasty of the first MTP joint using the technique
of autologous matrix-induced chondrogenesis.
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