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MIDTERM SEVERE FOREFOOT DEFORMITY TREATMENT OUTCOMES IN ELDERLY PATIENTS
Egiazaryan KA, Ratyev AP, Miroshnikova EA, Zhavoronkov EA, Abilemets AS =
Pirogov Russian National Research Medical University, Moscow, Russia

Severe complex deformities of the forefoot in elderly patients with no rheumatoid arthritis result in the pronounced decrease in quality of life, chronic pain, reduced
mobility, failure to get shoes for everyday use, exacerbation of the concomitant somatic diseases. The use of conventional joint preservation techniques in such
patients often leads to the deformity relapse, persistent pain, and the need for revision surgery that is often impossible due to worsening of the patients' general
somatic status and local functional status. The study was aimed to improve surgical outcomes in elderly patients with no rheumatoid arthritis who had severe forefoot
deformities. The prospective cohort study that involved allocation to the retrospective group for comparison of surgical outcomes in 65 patients was carried out
in 2016-2019. The results obtained before and after surgery were assessed using the FFI, AOFAS Hallux, and AOFAS Lesser Toes scores. The Maryland scores
were used to assess the outcomes during the postoperative period. The study revealed significant differences in treatment outcomes based on the AOFAS Hallux
(p = 0.0001), AOFAS Lesser Toes (p = 0.0001), FFI (p = 0.0001), and Maryland (p = 0.0001) scores. In view of the elderly patients' specific nature, the radical
surgical techniques that do not ensure joint preservation may be considered as effective and predictable methods of correction aimed at reducing the rate of revision
surgeries. These techniques represent a one-step method to improve the quality of life of elderly patients.
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CPEHECPO4HbIE PE3Y/LTATbI JIEHYEHUA TAXKEJION JE®OPMALN NEPEAHETO OTAENA CTOMbI
Y MALUMEHTOB MOXXNJ10I0 BO3PACTA

K. A. ErvasapsH, A. M. Patees, E. A. MupoLuHvkosa, E. A. XKasoporkos, A. C. AGunemet, =
Poccuinckumin HaumoHanbHbIN MCCNeAoBaTENbCKN MEQULIMHCKMIA yHBEpCUTET umeHn H. . Muporosa, Mockea

KomnnekcHble Tskenble aeopmManmmn nepegHero oTaena CTombl y NOXUIbIX NaUMEHTOB, He CTPafaroLLmMX PEBMATONAHBIM apTPUTOM, XapakTepuayoTcs
BbIPaXKEHHbIM CHVDKEHNEM KadecTBa >KU3HW, (POPMUPOBAHNEM XPOHUHECKOrO 60NEBOrO CUHAPOMA, CHUDKEHNEM OBLLIE MOBWIBHOCTN C HEBO3MOXHOCTHIO
nopbopa obyBY ANt EKEOHEBHOrO UCMONb30BaHNS, YCyrybneHnem TeHeHUs COMyTCTBYIOLLWX COMAaTUHeckux 3abonesaHuii. 1cnonb3oBaHne KNacCuyeckyix,
COXPaHSIOLLIMX CYCTaB TEXHUK Y AaHHbIX MALWEHTOB 3a4aCTyto MPUBOAMT K peLmansy AedopmMaLiim, CTOMKOMY COXPaHeHMo 601eBOrO CUHAPOMA, HEOOXOAUMOCTH
PEBU3NOHHbIX BMELLATENCTB, YacTO HEBO3MOXHbIX 13-3a YCYrybneHus obLLecoMaTNHeckoro Ui MecTHOro cratyca nauveHTa. Llensto nccneposaqus 6bi10
YAYSLLUTL Pe3yNTaTbl XUPYPrHeCKOro SIeHeHIst MaLMeHTOB MOXINONO BO3PacTa, He CTPafaioLLIVX PEBMATOMAHBIM apTPUTOM, C Tshkeno AedopmaLiiel nepeaHero
otaena cronbl. MpoBeaeHO MPOCMEKTUBHOE KOrOPTHOE WCCEAOBaHME C BbIAENEHNEM PETPOCMIEKTVBHON MPYMMbl CPABHEHWS PE3YSLTATOB OMEPaTVBHOMO fIeHeHNS
65 naupeHToB, ¢ 2016 no 2019 r. Pegynsrarbl O 1 nocne onepauuy oueHvsany no wkanam FFI, AOFAS Hallux, AOFAS Lesser Toes. OLeHKy pesynsraTtos
B MocneonepawLyioHHoM neprofe NpoBoamav no wkane Maryland. B nccnenosaHnmy nonydeHbl CTaTUCTUHECKN 3HAYMMbIE Pas3nnymns pesynstatoB ledeHunst no
wkanam AOFAS Hallux (p = 0,0001), AOFAS Lesser Toes (p = 0,0001), FFI (p = 0,0001), Maryland (p = 0,0001). B cBsidvi cO cneumdmnyHOCTBIO MOXKUIbIX NaLVEHTOB
paavKanbHble METOOVKW, HE COXpPaHsioLme CycTas, MOryT ObITb PACCMOTPEHbI Kak a(PMEKTVBHBIN NPEACcKa3yeMblii CNOCOO KOPPEKLMM, HanpaBneHHbIN Ha
COKpALLiEHNE PEBU3VIOHHbBIX BMELLATENBCTB, U ABNSIOTCA OOHO3TarNHLIM METOAOM YIyHLLEHVS Ka4eCcTBa XU3HN NOXbIX NaLyIeHTOB.

KntoueBble cnosa: niocko-BanbrycHas gedopmManys, Metatap3anris, nepegHnin OTAen CTomMb!
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Surgical treatment of elderly patients with forefoot deformities When developing the treatment tactics, it is necessary to
is a challenging task. The static complex deformity that involves  take into account not only the foot deformity and the bone
deformities of two or more rays of the foot together with severe  tissue quality together with the features of selecting metal
hallux valgus and rigid lesser ray deformities is difficult to  fixators [1], but also the neurocirculatory status of the limb, local
correct by conventional surgical methods. functional status of the soft tissues, the presence and course
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of chronic concomitant disorders,taking various medications
in order to ensure compensation, the need to minimize the
patient's hypodynamia, his/her social status and ability to
adequately execute the more or less complex postoperative
instructions [2].

It is worth choosing more predictable tactics of surgical
correction in order to minimize the risk of the deformity relapse,
chronic pain, and the need for revision surgical interventions.

Regardless of numerous options for correction of severe
static complex forefoot deformities, there is still no consensus
on management of elderly patients [3]. The currently existing
treatment tactics are often based on the surgeon's personal
experience only [4].

Given high perioperative risk, it is recommended to use
conservative therapy in many elderly patients. However,
conservative treatment of patients with no risk of surgical
intervention fails to restore the patients' motor activity or
improve their quality of life. Furthermore, it is often impossible
due to high cost and inaccessibility of orthopaedic devices [5].
Moreover, some authors note the increased injury rate in elderly
patients that is associated with alterations of gait stereotype
due to severe foot deformities [6], while surgical treatment
makes it possible to restore the patients' freedom of movement
and improve their quality of life despite all the risks [7].

Regarless of the fact that satisfactory forefoot deformity
treatment outcomes can be generally achieved by surgical
correction, the share of adverse outcomes is still high (25-33%)
[8]. It would be several times higher in the group of elderly
patients, that is why the revision surgery rate would also increase.

The attempts to correct severe deformities in these patients
by conventional joint preservation techniques often lead to
failure because of the morphological features of persistent
deformity, such as severe cicatricial adhesion of the sesamoids,
which cannot be corrected without aggressive loosening
of soft tissues, the need for pronounced lateralization of the
first metatarsal distal fragment and the failure of fixation due
to osteoporosis of various origins and minimal bone contact
after the bone fragment displacement, because of the high risk
of the first metatarsal head avascular necrosis associated with
abnormal vascularization, development of severe degenerative
arthrosis of first metatarsophalangeal joint after correction
due to underestimation of the initial injury to the cartilage and
subchondral bone [9]. All of this leads to progressive first ray
deformity and abnormalities of the stance and pushoff phase
[10], incomplete PASA correction, and the development or
recurrence of pre-existing transfer metatarsalgia [11], the
development of extensive soft tissue damage associated
with abnormal circulation due to massive releases [12],
symptomatic pseudarthrosis [13]. The rigid dislocations of the
lesser toe proximal phalanges with the contracture formation
and shortening of the toe neurovascular bundles increase the
risk of tissue necrosis and toe gangrene after the dislocation
management involving insufficient shortening of the ray [14].
The degenerative damage to the fixing soft tissue structures,
sich as the plantar plate and the collateral ligaments of
metatarsophalangeal joints increase the intraoperative time
and the soft tissue injury when attempting to restore these
structures using grafting or suture, while lesser metatarsal
osteotomy often results in symptomatic pseudarthrosis with
severe metatarsalgia [15].

All the above circumstances result in the need to rely on
more predictable surgical methods and the methods that
make it more likely to avoid revision surgery and provide radical
treatment to rid the patient of symptoms when choosing the
surgical treatment tactics for this extremely complex group of

patients. The radical surgical technique that does not ensure
joint preservation that has been first proposed for treatment of
patients with rheumatoid arthritis is one of such methods.

The study was aimed to improve surgical outcomes in
elderly patients with no rheumatoid arthritis who had severe
forefoot deformities using the surgical technique that did not
ensure joint preservation.

METHODS
Study design

The prospective cohort study that involved allocation to the
retrospective group for comparison of surgical outcomes
in patients who received treatment at the Department of
Traumatology, Orthopedics and Military Field Surgery (Pirogov
Russian National Research Medical University) and the
University Clinic of Traumatology and Orthopedics (City Clinical
Hospital Ne 1, Moscow) was carried out in 2016-2019. The
average period of the treatment outcome estimation in the
control group was 34.26 + 9.48 months, while the average
period of the treatment outcome estimation in the index group
was 27.73 + 6.31 months.

All the patients were operated by the same surgical team
under spinal anesthesia. The follow-up examination of the
patient after surgery was conducted by the surgical team
members at weeks 6, 12, 24 after surgery and during the
patient's last visit. The post-surgical instrumental examination
of the feet that involved the forefoot radiography in the
anteroposterior and oblique projections was also performed at
weeks 6, 12, 24 and during the patient's last visit.

Patients

The study involved 65 patients, among them all were females.
This can be explained by predominance of symptomatic foot
deformities in women. The average age of the studied patients
was 72.69 + 5.54 years.

Inclusion criteria: age over 65 years; no established
diagnosis of rheumatoid arthritis; severe first ray foot deformity
according to the Coughlin classification; rigid hammertoe
deformity of one or more lesser toes with dislocation of the
metatarsophalangeal joint that cannot be fixed during clinical
assessment; no clinical effects of conservative therapy.

Exclusion criteria: age under 65 years; history of surgical
correction of the forefoot; mild-to-moderate first ray foot
deformity according to the Coughlin classification; elastic
deformities of the lesser toes.

Reconstructive surgery of single foot was performed in
all groups. The patients were divided into two groups in
accordance with the applied technique.

The control patients were operated using the conventional
joint preservation techniques. The control group included 35
patients.

The following surgical
conventional.

Correction of the first ray of the foot in the control group:

— distal metadiaphyseal osteotomy of the first metatarsal
(SCARF, Chevron, Maestro);

— Akin osteotomy of the great toe proximal phalanx;

— Lapidus procedure;

— metatarsophalangeal joint resection arthroplasty.

The correction options were used in combinations (Table 1).

Correction of the lesser rays of the foot in the control group
was performed by the following methods:

methods were considered as
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Table 1. Characteristics of the first ray surgeries
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Characteristics of methods Total number of patients Number of cases, abs Share of cases, %
Distal osteotomies + Akin osteotomy 35 22 62.9%
Lapidus procedure + distal osteotomy 35 16 45.7%
Metatarsophalangeal joint resection arthroplasty 35 5 14.3%

— distal minimally invasive metatarsal osteotomy (DMMO);

— Weil osteotomy without bone fixation in accordance with
our patented method (RF patent No. 2705233);

— Weil osteotomy with bone fixation;

— resection arthroplasty of the proximal interphalangeal
joints of the lesser toes (Table 2).

Patients of the index group (n = 30) were operated using
the technique that did not ensure joint preservation known as
the Hoffman-Clayton procedure, which included arthrodesis
of the first metatarsophalangeal joint, 2"-5" metatarsal head
resection, resection arthroplasty of the proximal interphalangeal
joints involving transcutaneous fixation of the 2"-5" toes
with wires in the metatarsal canals, or using our patented
method (RF patent Ne 2742447), which included arthrodesis
of the first metatarsophalangeal joint and fixation with a plate,
2nd-4th metatarsal head resection, resection arthroplasty of
the proximal interphalangeal joints involving transcutaneous
fixation of the 2"-4™ toes with wires in the metatarsal canals,
minimally invasive oblique proximal diaphyseal osteotomy of
the fifth metatarsal without metal fixation.

Postoperative management of patients

On day two after surgery the patient was bandaged to ensure
elastic toe fixation in the position of metatarsophalangeal joint
overcorrection (plantar flexion) in the control group or the
position set by metal fixators in the index group.

On day 14 the dressings were changed and the stitches
were removed from the postoperative wound, the patient was
bandaged again to ensure the position of metatarsophalangeal
joint overcorrection till day 28 after surgery. After that the
dressings were removed in both groups. In the index group the
fixing wires were also removed on day 28 after the intervention.

All the parients were allowed the operated limb loading
since the next day after surgery using special orthopedic shoes.
The guidelines on wearing orthopedic shoes varied depending
on the type of the first metatarsal reconstructive surgery type.
Shoes had been used for 6 weeks after distal osteotomy or
for 8 weeks after the first metatarsophalangeal joint arthrodesis
and the Lapidus procedure.

Methods for assessment of the results

The following preoperative and postoperative radiological
parameters were assessed:

— hallux valgus angle (HVA; the angle between the
longitudinal axes of the first metatarsal and the first proximal
phalanx of the hallux);

— intermetatarsal angle (IMA; the angle between the
longitudinal axes of the first and second metatarsals);

Table 2. Characteristics of the main lesser ray surgeries

— proximal articular set angle (PASA; the angle formed
by the articular surface of the first metatarsal head and the
longitudinal axis of the first metatarsal).

The function of the foot was assessed before and after
surgery using the folowing scores: FFI (Foot Functional Index),
AOFAS (American Orthopaedic Foot and Ankle Society Score)
Lesser Toes, AOFAS (American Orthopaedic Foot and Ankle
Society Score) Hallux. The results were also assessed using the
Maryland score during the postoperative period.

According the the results obtained (Table 3), there were
no significant intergroup differences in the main preoperative
assessment criteria. However, it should be noted that statistical
processing has revealed differences in the PASA and IMA
scores. This can be explained by errors of positioning for
radiography and small size of the patient sample.

Statistical analysis

When comparing two groups based on the numerical indicators,
the mean values and standard deviations were used in the M = S
format. The nonparametric Mann-Whitney U test was used
to compare two groups by quantitative variables. Statistical
significance of intergroup differences for binary and categorical
variables was defined using the Pearson's chi-squared (x°)
test. Analysis of the dependent variables for comparison of two
periods was based on the nonparametric Wilcoxon signed-
rank test. The significance level was set at 0.05. Statistical data
processing was performed using the Statistica 10 and SAS
JMP 11 software packages.

RESULTS

The data obtained (Table 4) suggest that there were significant
differences in all the indicators between two comparison
groups. The most significant were the differences in the FFl
scores between the controls and the index group (on average
by 26.0%; p < 0.0001); the AOFAS Lesser Toes scores between
the index group and the controls (on average by 33.1%;
p < 0.0001); the AOFAS Hallux scores between the index group
and the controls (on average by 19.6%; p < 0.0001).

The analysis of the dynamic changes in these parameters
before and after treatment is provided in Table 5.

The findings suggest that all the indicators have changed
significantly. The most significant are the changes in
the FFI scores (in the control group) (on average by 34.5%;
p < 0.0001); the AOFAS Lesser Toes scores (in the control
group) (on average by 29.9%; p < 0.0001); the AOFAS Hallux
scores (in the control group) (on average by 43.0%; p < 0.0001).

Statistical processing has also revealed the risk factors
that most often lead to satisfactory and adverse treatment

Characteristics of methods Total number of patients Number of cases, abs Share of cases, %
DMMO 35 6 17.1%
Weil osteotomy without bone fixation 35 17 65.4%
Weil osteotomy with bone fixation 35 9 34.6%
Resection athroplasty 35 26 74.3%
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Table 3. Comparison of two groups based on the radiological criteria and foot function assessment results obtained using the assessment scales before surgery

Group
Indicator Control group Index group Significance level p
(n=235) (n=230)

Scores

AOFAS Hallux before surgery 18.77 + 11.44 16.03 + 5.80 0.8312
AOFAS Lesser Toes before surgery 19.63 + 13.61 18.10 + 5.86 0.4009
FFI before surgery 68.74 + 12.93 72,87 + 12,66 0.2009
Radiological criteria

HVA before surgery 54.26 + 6.55 55.67 +9.13 0.7366
IMA before surgery 19.77 £ 1.99 17.93 £ 2.79 0.0055
PASA before surgery 33.60 + 7.61 37.57 £ 7.05 0.0168

outcomes based on the AOFAS Hallux, AOFAS Lesser Toes,
FFI scores of the control group obtained before surgery.

The AOFAS Hallux and AOFAS Lesser Toes scores below
75 were considered as satisfactory and adverse treatment
outcomes. The FFI scores above 40% were considered as
satisfactory and bad.

Significance of the indicator effects on the target binary
variable was determined using the Pearson's chi-squared
(x®) test. All the factors were sorted in descending order of
significance (x? statistics) to select the key indicators of the risk
of such events, as AOFAS Hallux < 75, AOFAS Lesser Toes < 75,
FFI > 40.

Age over 70 appeared to be a significant risk factor in all the
studied groups.

AOFAS Lesser Toes — p = 0.0005

AOFAS Hallux — p = 0.03

FFI — p = 0.002

DISCUSSION

The world literature describes numerous options for surgical
correction of severe valgus forefoot deformities and various
conbinations of methods. However, selection of options for
correction does not take into account the patient's age,
circulatory status of the limb, the partient's rehabilitation
potential, and concomitant disorders. Decompensation of
concomitant disorders often makes it impossible to perform
revision surgery, thus leading to persistence of pain syndrome,
decrease in the elderly patient's daily activity, reduced quality
of life, and the need for continuous use of anti-inflammatory
drugs. Elimination of pain and prevention of the foot deformity
relapse are the main goals of the surgical treatment of severe
deformities in elderly patients. Thus, it has been shown that
cosmetic results were less important than elimination of pain
and the possibility to increase the distance traversed [16]. It is

necessary to chose more controllable, predictable, and reliable
methods of surgical correction to ensure elimination of painin this
group of patients. Arthrodesis of the metatarsophalangeal joint
and lesser metatarsal head resection are one of the options for
severe forefoot deformities in patients with rheumatoid arthritis.
This procedure that does not ensure joint preservation allows to
achieve persistent elimination of pain, radical correction of the
deformity, and the increase in the patient's daily activity.

However, a few sources assume that surgical treatment
of this type can also be suitable for correction of severe rigid
forefoot deformities in elderly patients.

Thus, assessment of 13 patients (15 feet; the average
follow-up period was 44.3 months after surgery; the range
was 20-76 months) showed that the average postoperative
satisfaction score was 9.0 (out of 10) [17]. None of the patients
in this cohort needed reoprative surgery. The pain score was
significantly reduced: from 6.2 before surgery to 1.9 after
surgery (p < 0.001). Radiological parameters (1.2 IMA, HVA)
improved after surgery (p < 0.05), the first metatarsophalangeal
joint arthrodesis union was achieved in all 15 feet.

In the retrospective study of 39 patients (56 feet) with
severe non-rheumatic forefoot deformities, 13 patients (20 feet)
underwent first metatarsophalangeal joint arthrodesis and lesser
metatarsal head resection, 20 patients (26 feet) underwent first
metatarsophalangeal joint arthrodesis and Weil osteotomy
of the metatarsal [18]. The average follow-up period was
24 months. The criteria of the patients' condition after surgery
were assessed using the AOFAS and SF-36 scores. Postoperative
satisfaction was 92% in patients after first metatarsophalangeal
joint arthrodesis and lesser metatarsal head resection and 91%
in patients after first metatarsophalangeal joint arthrodesis and
lesser metatarsal osteotomy. However, the quantity of revision
surgeries was not estimated in the studied groups. The total
SF score was 80.7 and 76, respectively. The researchers
concluded that surgery of this type could be recommended

Table 4. Comparison of two groups based on the radiological criteria and foot function assessment results obtained using the assessment scales after surger

Group
Indicator Control group Index group Significance level p
(n=35) (n=30)

Scores
AOFAS Hallux after surgery 61.80 + 13.99 81.40 + 4.54 < 0.0001
AOFAS Lesser Toes after surgery 49.49 + 13.76 82.60 + 3.34 < 0.0001
Maryland MFS 67.49 + 7.02 88.40 + 3.45 < 0.0001
Maryland MFS 34.20 + 12.59 8.20 + 4.62 < 0.0001
HVA after surgery 26.20 + 8.32 12.93 + 5.53 < 0.0001
IMA after surgery 11.20 + 2.49 12.67 +2.35 0.015
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Table 5. Estimation of the dynamic changes in the studied criteria before and after surgery

Group Indicator M + S, before M + S, after Dynamic changes Diffgﬁjr;cse(sb:feot ;lée_e:ﬂr;?an Significance level p
Control group AOFAS Hallux 18.77 £ 11.44 61.80 + 13.99 229.22% 43.08 < 0.0001
Control group | AOFAS Lesser Toes 19.63 + 13.61 49.49 + 13.76 152.11% 29.86 < 0.0001
Control group FFI 68.74 + 12.93 34.20 + 12.59 -50.25% -34.54 < 0.0001
Control group HVA 54.26 + 6.55 26.20 + 8.32 -51.71% -28.06 < 0.0001
Control group IMA 19.77 £ 1.99 11.20 £ 2.49 -43.35% -8.57 < 0.0001
Control group PASA 33.60 + 7.61 21.06 + 4.93 -37.33% -12.54 < 0.0001
Index group AQFAS Hallux 16.03 + 5.80 81.40 + 4.54 407.69% 65.37 < 0.0001
Index group AOFAS Lesser Toes 18.10 + 5.86 82.60 + 3.34 356.35% 64.5 < 0.0001
Index group FFI, 72.87 + 12.66 8.20 + 4.62 -88.75% -64.67 < 0.0001
Index group HVA 55.67 +9.13 12.93 + 5.53 -76.77% -42.74 < 0.0001
Index group IMA 17.93 £+ 2.79 12.67 +2.35 —29.37% -5.26 < 0.0001

for treatment of chronic pain associated with severe non-
rheumatic forefoot deformities.

In the retrospective study of 193 patients of whom 85 were
elderly people, all patients underwent examination 6 months
and 2 years after surgery [19]. Conventional surgical techniques
for correction of deformities, such as SCARF osteotomy of first
metatarsal, osteotomy of the proximal phalanx of the hallux
(Akin osteotomy), and the lesser metatarsal Weil osteotomy,
were used in all the patients. No significant differences in
postoperative satisfaction between the cohorts of young,
middle-aged, and elderly patients were revealed based on the
AOFAS and Sf-36 scores. However, it should be noted that
the number of bed-days in the hospital was higher in elderly
patients than in other groups, the return visits due to pain in the
opreated feet and hospital readmissions were more frequent in
the group of elderly patients. The most important fact was that
the group of elderly patients had a 5 times higher risk of the
deformity relapse.

In our study, the index group included 30 patients, all
the them were operated using the proposed method or our
patented method (RF patent Ne 2742447).

The treatment outcomes were assessed using the AOFAS
Lesser Toes, AOFAS Hallux, FFI, Maryland scores, the average
follow-up period was 27.73 + 6.31 months. In the intervention
group, we managed to ensure a significant increase in the
AOFAS Hallux score (from 16.03 + 5.80 to 81.40 + 4.54); the
average increase for the parameter was 65.37; the AOFAS
Lesser Toes score increased from 18.10 + 5.86 to 82.60 + 3.34,
the average increase for the parameter was 64.5; as for the
FFI score, we managed to improve the foot function from
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