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UccAcAOBaHME KAMHMYECKOM 3PPEKTUBHOCTH
U 6€30NaCHOCTH HOBOI'O METOAQ Pa3rPy3KM
Yy 60AbHbIX C CHHAPOMOM AMa6eTHYCCKOM
CTONbI — NHEBMOOPTE3a HA FOACHOCTONHbIN
cycrtaB 1 crony TM Orlett

Crpaxona I 1O., TopoxoB C.B., YnbsinoBa U.H., lanctan ILP.

DI'BY Dudokpunonoeuueckuii Hayunuiii yenmp, Mockea
(Oupexmop — axademux PAH U.U. Jledos)

Ileav. Ouenka kaunuueckoii agppexmugnocmu, 6e30nAcCHOCMU U NOMPEOUMENbCKUX CBOLICINE NHEBMOOPME3a HA 201eHOCMONHbLU
cycmag u cmony HAS-337 TM Orlett u necseMubix UMMOOUAUSUPYIOUWUX NOBA30K, 8bIN0AHEHHbIX no mexHoaoz2uu Total Contact Cast
(TCC).

Mamepuaast u memoost. B ucciedosanue oviau 8xarouenst 40 60abHbIX ¢ caxapHbim duabemom 1 u 2 muna, umerowux Heliponamu-
Yeckyio (hopmy cuHOpoma Ouabemu4eckol Cmonbl U XpoHuHecKue HeUHPUUUPOBAHHbIe PaHbl NOOOUBEHHOU NOBEPXHOCMU NepPeOHe20
omoena cmonbvi ¢ OAUMEAbHOCMbIO CYUECMB08aHUs He MeHee 3 Hedeab, naoujaovio He mernee 1 cm? u enybunoil He boaee 11 cmaouu
no kaaccuguxayuu Wagner.

Ilepsas epynna uz 20 nayuenmog noay4ana pazepy3ky ¢ NOMOULbI) HEC6EMHO20 NHEBMOOPME3d HA 20AE€HOCIMONHBLI CYCMAS U CHONY
HAS-337 TM Orlett, 60 6mopoii konmponvroii epynne u3 20 601bHbIX pa3epy3Ka 0CYuecmensinacs ¢ NOMOUbI0 HeCseMHO20 8apUAHMA
ummoobuausupyroueil noesazku TCC. BoavHble 08yx epynn Obiau CONOCMABUMbL NO NONY, 803PACTY, OAUMEAbHOCMU U CMENeHU KOM-
nencayuu caxapHozo duabema, a makice UCXOOHbIM pa3mepam paHessix degpexmog (kpumepuii docmoseprocmu p >0,05).
Tayuenmest ¢ unguyuposanubviMu panamu, ocmeomuesumom, ocmeoapmponamueii Illapko u 3a6osesanusmu nepugepuuecKux co-
€y006 ObiAU UCKAIOHeHbL U3 YHACIUSL 8 UCCAe008AHUU.

Hccnedosanue npodoaxcanocs 6 meuerue 6 mecsaues. Mzmepenus no0oweeHH020 0aaeHusi nPo8ooUAUCH 8CeM DOAbHbIM GHYMPU Op-
mesa uau ummoouausupyroueil nosszku TCC u 6btau conocmaegetsi ¢ pe3yabmamamu AHAA02UYHbIX UMEPEHUT 8 Mecmo8oll 00y8uU.
3a ocHosmbie Kpumepuu 3ghexmusHocmu pazepy3Ku 6bi10 NPUHSAMO CHUMICEHUEe 0a8AeHUs 8 001ACMU 536bl U 8Celi CMONbL, d MAKice
CKOPOCMb 3A)CUBACHUS DAHDL.

Pesyrvmamot. K konuyy wecmoeo mecsaua 6v110 docmueHymo noaxoe 3axcusienue ecex A36eHHbix Oegexmos. Cpednee epems 3ax4cue-
Aenus cocmaguno 46, 1+ 19,0 oueii y nauuenmog nepgoii epynnot u 48,3+ 20,5 oneii 6 konmpoawvhoii epynne (p>0,05). B 08yx cayuasx
HoweHue nneemoopmesa HAS-337 6b110 ocmarnoeaeHo no JceaanHuro nayuenma.

[THesmoopme3 CHUMNICAN MAKCUMANbHOE NUKO080e 0aéaeHue Ha cmony Ha 26%, a 6 30HaX A0Kalu3ayul panesvix oeghekmos — Ha 57%.
Tloxazamens unmeepana dagaenue/spems cruzuacs é cpeonem va 41% (p >0,05). Ommeuanocs 6o3pacmanue MaKCUMaibHO0 RUKO-
6020 daeaenus Ha 48% u unmeepana daenenue/epems Ha 47% 6 cpednem omoene cmonbi.

Saxarouenue. [Ineemoopmes HAS-337 sensiemes aghghexmuehvim u 6e30nactvim memooom pasepy3skie, npueodsuum K uzneveruro 100%
He UHQUUUPOBAHHBIX HEUPONAMUHECKUX 51368 NOOOUBEHHOL NOBePXHOCMU nepedreeo omdena cmonbl. He pekomeHdyemcs ucnons306anue
nneemoopmesa HAS-337 0ns newenus nayuenmos ¢ A0Kaiuzayuer panessix 0epeKkmos 6 cpednem omaoene Cmonbst U NSMo4HOl 001acmi.
Karouesnte caosa: caxapuoiii duabem; duabemuueckas cmona, nedoepagus,; pazepy3o4Has noesa3Ka; opmes Ha CMony

Clinical efficacy and safety of a new method for pressure off-load for patients with diabetic foot syndrome:
ankle-foot pneumoorthosis with TM Orlett

Strakhova G.Yu., Gorokhov S.V., Ulyanova I.N. Galstyan G.R.

Endocrinology Research Centre, Moscow, Russian Federation

Aim. The purpose of this study was to assess the clinical efficacy, safety and consumer properties of ankle-foot pneumoorthosis with a
HAS-337 TM Orlett compared with non-removable total contact cast (TCC) immobilization.

Materials and methods. Our study included 40 patients with diabetes mellitus type 1 (DM1) and type 2 (DM?2) with neuropathic
diabetic foot syndrome and chronic uninfected wounds of the plantar surface of the forefoot, with wound duration of at least 3 weeks,
wound areas not less than 1 cm2 and wound depths not more than stage Il based on Wagner’s classification. We excluded patients
with infected wounds, osteomyelitis, Charcot osteoarthropathy or peripheral vascular disease. Our test group included 20 patients who
received pressure off-load using ankle-foot pneumoorthosis with a HAS-337 TM Orlett. For a control group (n = 20), pressure off-load
was achieved using TCC immobilization. Both groups were comparable with regard to age, gender, duration and degree of diabetes
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compensation and by original wound defect sizes (p >0.05). The study duration was 6 months. Plantar pressure was measured inside
the orthosis or TCC and was compared with test shoe measurements. Our major criteria for pressure relief were reduced pressures in the
wound area and the whole foot and the rate of wound healing.

Results. At the end of the 6-month period, complete healing of all ulcers was achieved. The average healing time was 46.1%+19.0 days
for the test group and was 48.3+20.5 days for the control group (p >0.05). Two patients who wore pneumoorthosis with HAS-337 were
discontinued upon patient request.

With pneumoorthosis, the maximum peak pressure on the foot and wound defect areas was reduced by 26% and 57%, respectively. The
pressure/time integral decreased on average by 41% (p >0.05). Furthermore, in the midfoot area with pneumoorthosis, the maximum
pressure increased by 48% and the pressure/time integral increased by 47%.

Conclusions. Using pneumoorthosis with HAS-337 was an effective and safe method for pressure off-load, resulting in 100% healing of
uninfected neuropathic ulcers of the plantar surface of the forefoot. However, pneumoorthosis with HAS-337 is not recommended for

those patients with wound defects in the midfoot and heel areas.
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! I ' he complete removal of pressure on the wound
bed is one of the key requirements for the heal-
ing of venous ulcers in patients with diabetic

foot syndrome. Pressure off-loading should be continu-

ous as taking even a few steps a day can seriously inter-
fere with neuropathic ulcer healing [1]. A total contact
cast (TCC) is the gold standard used for pressure off-
load for uninfected ulcers in the plantar foot area with-
out critical ischemia, according to the International

Working Group on Diabetic Foot [2]. Non-removable

devices that eliminate any dependence on patient com-

pliance and significantly improve the results should be
preferred.

A randomized study conducted by Ha Van et al. dem-
onstrated that patient adherence to a pressure off-load
regimen increased from 10% among those patients using a
removable TCC to 98% among those using a non-remov-
able TCC (p = 0.001) [3]. One of the main mechanisms
for reducing pressure off-load for patients with removable
casts is that they take significantly fewer steps while wearing
a cast than without it (345.3 = 219.1 versus 873.7 £ 828.0
per day; p < 0.01) [4]. Significant improvements in regi-
men compliance resulted in an ulcer healing rate of 80%
during 12 weeks among patients with non-removable casts
versus less than 60% for patients with removable casts. The
disadvantages of TCC are the relatively high costs of the
bandages used (about 5500 Rubles as of December 2014)
and the need for highly trained personnel for TCC applica-
tion. This has necessitated the search for more affordable
alternatives. According to a recent study, only ready-to-
wear polymer devices, such as Aircast, Walker, and others,
provided equivalents of TCC [6].

Aim

the aim of this study was to evaluate the clinical ef-
ficacy, safety and consumer properties of an ankle-foot

pneumoorthosis, TM Orlett (Manufacturer: Rehard Tech-
nologies GmbH, Germany, model HAS-337).

Materials and methods

In total, 40 patients with diabetes mellitus type 1
(DMI1) and type 2 (DM2) were included in our prospec-
tive open comparative study. All patients had neuropathic
diabetic foot syndrome and chronic uninfected wounds of
the plantar surface of the forefoot. Our inclusion criteria
were having a wound for no less than 3 weeks, a minimum
wound area of not less than 1 cm2 and wound depth not
more than stage I on Wagner’s scale. All patients provided
signed informed consent to participate in this study.

The participants were divided into two groups based on

Fig. 1. TM Orlett ankle-foot pneumoorthosis
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Clinical and demographic characteristics of the study participants

Table 1

Test group (orthosis| Control group

Group/Parameter HAS-337 TM (non-removable

Orlett) TCC)
Number of patients (n) 20 20
|Age, years 54199 493120
Gender (F/ M) 10/10 9/11
DM1/DM2 3/17 5/15
DM duration (years) 13.2%6.3 15.0%8.9
HbAlc, % 8.4%1.4 9213
Weight, kg 87.8+20.11 91.3+15.8
Wound areq, cm2 3.02[1.5;5.83] |3.87[2.32; 5.86]
R equivalent, mm 8,75[6.25;12.5] | 9.7 [6.75; 15.1]
Wound depth, Wagner scale:
Stage | 4 3
Stage Il 16 17

Note: There were no statistically significant differences between
these groups.

the method used for pressure off-load. Our test group of
patients (n = 20) used a TM Orlett ankle-foot pneumoor-
thosis (Fig. 1) in addition to receiving standard treatment.

Orthosis was fitted and sealed on the first patient visit.
Patients were required to wear this device continuously
during the study period. The total observation period was
12 weeks (84 *+ 2 days). Twelve weekly office visits were
scheduled for evaluations. During these visits, wound
conditions were evaluated and the wound treatment was
provided. Further, the orthosis was put back in place and
sealed.

For the control group (n = 20), a non-removable TCC
(semi-rigid polymer ‘Scotchcast’ and ‘Softcast’ bandages,
3M, USA) was applied according to standard methods used
for pressure off-loading [7]. TCC was changed weekly con-
comitant with wound dressing changes.

In addition to pressure off-loading, all patients received
wound treatment according to diabetic foot syndrome care
standards (Order of the Ministry of Health, Russian Fed-
eration, 12 November 2012).

Both patient groups were comparable with regard to
age, gender, duration and degree of diabetes compensation
and for original wound defect sizes (p > 0.05). The clinical
and demographic characteristics of our study participants
and their wound defects are shown in Table 1.

Pressure off-loading efficiency was assessed using elec-
tronic pedobarography (Tekscan Pressure Measurement
System 6.30. Software version: Tekscan Research 6.3. Sen-
sor Type: F-Scan). Computer pedography was conducted
for each patient inside an orthosis or inside TCC in real
time during a walk (walking in a straight line with not less
than 5 steps for each leg or 10 steps in total). Data were
analysed for the maximum pressure dynamics and the pres-
sure/time integral and were compared with corresponding
measurements made in a test shoe for the same patient.
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Fig. 2. Graphical representations of pedobarography data in a
2D format

Graphic representations of pedobarography data in 2D for-
mat are shown in Figure 2.

During weekly patient visits to the ‘diabetic foot’ of-
fice, the wound status and size were evaluated for treatment
efficacy comparisons. To estimate the rate of epithelisation
of a wound defect, the defect area was determined by mul-
tiplying the maximum length by the maximum width. The
equivalent radius of a wound (Re) was determined using the
formula proposed by Cavanagh [8]: Re = (D, + D..in) / 4,
where D,,,, = wound maximum diameter and D,,;, = wound
minimum diameter, as measured perpendicular to D, in
the widest part of the wound.

In addition to the wound status assessment, for the
test group of patients, the attending physician completed
questionnaires regarding the convenience and comfort of
the test orthosis during each visit. These patients were then
asked to evaluate the fit of the orthosis, walking comfort,
pain during walking in the orthosis and any abrasions and
skin redness after removing the orthosis. Subjective symp-
toms were expressed as points (0—2) and used to evaluate
the orthosis performance, including presence and severity
of paraesthesia, calf muscle heaviness, fatigue and swelling
of legs syndrome.

During the final office visit, patients were asked to give
their opinion regarding the weight of the orthosis, ease of
putting it on, ease of removal and wearing comfort. The
doctor and patient concurrently evaluated therapy effi-
ciency and orthosis performance.

min

Statistical analysis

Orthosis efficiency was assessed using changes in clini-
cal indicators and by symptom evaluations. At the end of
the therapy, the following criteria were evaluated: ease of
fitting the device, wearing comfort, safety of side effects
monitoring and treatment efficiency (yes/no and on a scale
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from 0, no effect, to 2, very good). EXCEL 2007 and Sta-
tistica (StatSoft Inc. USA, version 6.0) were used for sta-
tistical analysis. Shapiro-Wilk and Liliefors tests were used
to assess data distribution normality, and symptom distri-
bution variances were assessed using F-tests by analysis of
variance. Because most measured variables were not nor-
mally distributed, median values and 25th and 75th per-
centiles were used for data presentation: ‘Median [25%;
75%]’. Moreover, non-parametric tests were used for study
group comparisons using contingency tables and by cri-
teria for %2 (chi-square) tests. For quantitative variables,
Mann—Whitney U tests were used for group comparisons.
P values of <0.05 were considered statistically significant.
Our research results, statistically analysed and presented
in the form of tables and diagrams do provide insights on
the dynamics of the medians of variables, interquartile in-
tervals and their association with other variables in accor-
dance with modern requirements.

Results and discussion

Our study period was 6 months, and the maximum pe-
riod of observation for each patient was 3 months. Seven-
teen of the 20 patients in the test group were discharged
sooner than 12 weeks because their wounds had healed.
Their mean healing time was 46.1 + 19.0 days (range: 21
to 84 days), which was comparable to that of the control
group (48.3 + 20.5 days). One patient was excluded after
the third follow-up office visit due to scheduled visit vio-
lations. One other patient was excluded after the fourth
follow-up visit due to non-compliance with our orthosis
wearing rules. Thus, 18 patients in the test group completed
our study. For one patient, complete wound healing had
not been achieved by the end of the study period. Con-
sidering that 2 instances of mechanical damage occurred
to this patient’s orthosis, the lack of a positive effect of
pressure off-loading was most probably due to this patient’s
excessive physical activity and weight (110 kg).

The rate of wound defect epithelisation was determined
based on the changes in wound areas and was not signifi-
cantly different between the two groups: 0.73 [0.29; 0.92]
cm2/week for the test group and 0.91 [0.71; 1.17] cm2/
week for the control group (Fig. 3).

For all patients, an equivalent wound radius was deter-
mined and its rate of change was assessed. There were no
significant differences in the initial equivalent wound radii
or changes in their dynamics between the test and control
groups. For the group that used an orthosis for pressure
off-load, the rate of equivalent radius change was 0.27 +
0.13 mm/day, and this rate was 0.3 = 0.15 mm/day for the
control group (p > 0.05).

Orthosis efficacy was also evaluated based on any
changes in subjective indicators (paraesthesia, heaviness in

Diabetes mellitus. 2014,(4):66-71
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Fig. 3 Wound defect epithelisation rates

the calf muscles, fatigue and leg oedema). At the beginning
of the study for the test group, 7 patients reported paraes-
thesia, 4 reported heaviness in the legs and 5 reported foot
fatigue. These symptoms were mild and there were no sig-
nificant changes during the study period. Further, moder-
ate to severe oedema of the lower extremities was observed
in 8 patients; however, oedema severity decreased within
2—3 weeks after patients began to wear the orthosis. In the
control group, 12 patients had oedema that lessened within
1—2 weeks after beginning their treatment. There were no
significant changes in subjective symptoms.

Adverse effects, such as shin abrasions, were observed
in 4 patients. These complications were moderate in 3
patients and pronounced in 1 patient. All abrasions were
recorded during follow-up office visits 1 and 2 and had
healed within 2 weeks. To prevent recurrent skin lesions,
the orthosis fit was loosened and reduced physical activity
was recommended. In the control group, 4 patients devel-
oped complications in the form of skin abrasions. In all of
these patients as well as in the test group, their abrasions
did not require discontinuing treatment and healed sooner
than the primary wounds.

Pronounced soreness while walking was reported in 3
patients. These were recorded immediately after beginning
the study during follow-up office visit 1. After their orthosis
fit was loosened and pneumatic pressure was reduced, their
soreness stopped.

One patient on follow-up visit 2 had severe maceration
of the skin in the shin area, and 3 patients had moderate
skin macerations around their wounds, which required un-
sealing of the orthosis. Removing the orthosis during the
night was recommended to eliminate this problem. All of
these lesions healed within 2 weeks.

It is noteworthy that most assessments were conducted
during the summer. The occurrence of adverse effects, such
as macerations and abrasions of the skin, were likely the
result of high ambient temperatures and other adverse cli-
matic factors. In general, wearing the orthosis was toler-
ated well by patients. Some patients complained about the
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Table 2

Pressure off-loading in the forefoot

Area of a foot Maximum contact Integral‘pressure/
pressure time
1st finger 68% 42%
2nd finger 67% 56%
3rd finger 75% 65%
4th and 5th fingers 82% 78%
1st metatarsus 50% 33%
2nd metatarsus 48% 28%
3rd metatarsus 52% 32%
4th metatarsus 33% 18%
5th metatarsus 33% 16%
AVERAGE 57% 41%

significant weight of this device. In the opinions of a physi-
cian and patients, the efficacy of this orthosis was 1.7 of 2.0
maximum possible points.

Pressure off-loading efficacy in the wound defect areas
was confirmed using pedobarography. The tested orthosis
exhibited a high degree of pressure off-loading from the
plantar surface of the forefoot and metatarsal areas (fin-
gers, interphalangeal and metatarsophalangeal joints)
compared with conventional footwear.

The efficacy results for reducing the pressure in the
forefoot area inside the orthosis in the zone of interest
compared with conventional footwear are shown in Table 2.

Based on our pedobarography data, this ankle-foot
pneumoorthosis reduced the maximum pressure by 26%
(from -64% to +78%) and in the forefoot target zones (i.e.
localized wound defects) by 57% (from -100% to +159%).
The pressure/time integral decreased on average by 41%
(from -100% to +369%). These results were similar to those
obtained in a previous study of TCC, for which the max-
imum pressure decreased by 20% (from -70% to +84%)
and was 55% in the wound area (from -100% to +359%) as
compared with conventional shoes [9].

In the tarsus (midfoot) area, the maximum pressure in-
creased by 48%, and the pressure/time integral increased
by 47% inside the orthosis. These were most likely because
of the effects of the orthosis pneumatic system, which

redistributed the load from relevant areas of the plantar
surface to the longitudinal arch of the foot. Moreover, an
increase in pressure in the hindfoot area was also recorded,
with a 10% increase in the maximum pressure and 18%
increase in the pressure/time integral, which also may have
been due to load redistribution. Our results do not provide
for recommending the use of the TM Orlett orthosis for
treating patients with wounds in the hindfoot area.

Conclusion

Ankle-foot pneumoorthosis with a TM Orlett (model
HAS-337) is an effective and safe means for foot pressure
off-loading and can be recommended for treating patients
with uninfected neuropathic wounds of the plantar surface
of the forefoot. This treatment is comfortable and conve-
nient for most patients. Our TM Orlett pneumoorthosis
results were confirmed by pedobarography data and were
comparable with the results obtained with an immobilizing
TCC, which is the gold standard for pressure off-loading in
diabetic foot syndrome treatment. Ankle-foot pneumoor-
thosis with the HAS-337 TM Orlett can be recommended
for standard treatment of patients with diabetes and un-
infected neuropathic ulcers on the plantar surface of the
forefoot.
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