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Ottobock Vacuum Solutions.
Product Information.

Elevated vacuum suspension has been
commercially available in the U.S. since
1995 when Total Environmental Control
(TEC) introduced the Vacuum Assisted
Socket System (VASS). Today, the VASS is
manufactured by Ottobock and marketed
as the Harmony.

Under FDA’s regulations, the Ottobock’s
Vacuum Solutions products are Class |
devices, exempt from the premarket
notification [510(k)] requirements. They
have met all applicable general control
requirements which include
Establishment Registration (21 CFR part
807), Medical Device Listing (21 CFR part
807), Quality System Regulation (21 CFR
part 820), Labeling (21 CFR part 801), and
Medical Device Reporting (21 CFR Part
803).

Product Product Listing Registration

Code Number Number

Harmony ISP E227226 1721652

Pumps
Triton ISH E253230 1721652
Harmony
Taleo ISH E253230 1721652
Harmony
DVS ISS E229918 9616494
EMS ISS E229218 9616494
Socket

Ottobock Vacuum Solution products meet
the requirements of the Medical Device
Regulations (SOR/98-282). They have
been classified as a class | medical device
according to the classification criteria
outlined in schedule 1 of the Medical
Device Regulations.

Harmony P4 Vacuum Pump, Harmony
Modular, Harmony P4 HD, Harmony HD
Modular, Triton Harmony and Taleo
Harmony have a 36-month manufacturer
limited warranty. Other Harmony pumps
and the DVS Dynamic Vacuum Pump have
a 24-month manufacturer limited
warranty. During the warranty period,
repair costs are covered except for those
associated with damage resulting from
improper use.

Ottobock Vacuum products are
prescribed by a physician and may only be
provided by a qualified Prosthetist who
has received specific product training.
Ottobock employs a team of orthotists
and prosthetists to educate practitioners
on fabricating and fitting our products.
This includes in-person and online
training, webinars, and technical bulletins.
We also provide Cooperative Care
Services for the more challenging fittings,
which includes on-site assistance with
the fitting in conjunction with product
qualification training for the practitioner.
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Coding (U.S. only).

The Healthcare Common Procedure
Coding System (HCPCS) for prosthetics is
an add-on code system. Primary codes
for vacuum pumps were issued in 2003.
Since then, additional features have been
added to some of the Harmony pumps.
Depending on which model is ordered,
functions, such as shock absorption,
torsion, or rotation may be provided in
addition to vacuum, which are described
by add-on codes.

The following HCPCS' codes are
applicable to Ottobock vacuum
products:

Harmony P4
(4R180) L5781 vacuum pump +
(4R182) L5984 axial rotation +
Harmony P3 L5988 vertical shock pylon
(4R147)
Harmony P4 | 5255 vacuum pump HD +
HD-330 lbs. . -
L5984 axial rotation +
(4R181) L5988 vertical shock pylon
(4R183)
Harmony E2
(4R152) L5781 vacuum pump
(4R152=1)
DVS
(4R220) L5781 vacuum pump
(4R220=1)
L5645 BK flex inner socket
or
EMS Socket L5651 AK flex inner socket
(65400) or
| 5653 expandable wall

socket

The following products are PDAC verified:

Triton

(P:ggg;my L5781 vacuum pump +

Taleo L5987 shank foot system +
L5986 multiaxial rotation

Harmony

(1C52)

Other items that may be coded on a
claim related to Harmony (not all
inclusive):

- Base Code: L5301, L5312 or L5321

- Replacement socket: L5700 or L5701

- Test Socket: L5618 — L5628

- UL Material: L5940 or L5950

- Acrylic: L5629 or L5631

- Cushion Socket: L5646 or L5648

- Flexible Inner Socket-External Frame:
L5645, L5651

- Expandable Wall Socket: L5653

- Supracondylar Suspension: L5670

- Custom Socket Insert (liner): L5681 or
L5683 (initial insert), L5679 (additional
insert)

- Prefabricated Socket Insert (liner): L5679

- Sheath: L8400 or L8410

- Sealing Sleeve: L5685

- Sock: L8420, L8430, L8470 or L8480

" The product/device “Supplier” (defined as an O&P
practitioner, O&P patient care facility, or DME supplier)
assumes full responsibility for accurate billing of
Ottobock products. It is the Supplier’s responsibility to
determine medical necessity; ensure coverage criteria is
met; and submit appropriate HCPCS codes, modifiers,
and charges for services/products delivered. It is also
recommended that Supplier’s contact insurance
payer(s) for coding and coverage guidance prior to
submitting claims. Ottobock Coding Suggestions and
Reimbursement Guides do not replace the Supplier’s
judgment. These recommendations may be subject to
revision based on additional information or
alphanumeric system changes.
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Harmony® System Elements

1. Liner ......... Protects your limb

2. Sheath .....Makes it easy to slide into
socket and creates an
airspace for the vacuum

3. Socket...... Your connection to
the prosthesis

4, Gaiter ....... Protects the sleeve from the
socket edges

5. Sleeve ...... Seals the vacuum air space

6. Tubing ...... Connects the pump to the
socket's air space

7.Pump........ Creates an elevated vacuum
in the socket so your limb
stays connected
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Evidence summary.
Vacuum-Assisted Socket System (VASS) Harmony in individuals
with transtibial amputation (TTA).

Mobility need or deficit of the patient Evidence for benefits of vacuum-
assisted socket systems (VASS)

Safety Patient trips, stumbles, or falls Improved prosthesis control, reduced
frequently risk of multiple falls, improvement in
indicators of the risk of falling

Mobility Limited mobility and activity Improved mobility, higher walking
speed, improved maneuverability,
longer distance covered in timed walk

tests
Residual Recurrent residual limb pressure VASS reduces residual limb-socket
limb health sores and ulcers interface pressure, pistoning, residual

limb perspiration, perfusion and
oxygenation.

Patients are able to use their
prosthesis with VASS while ulcers

heal
Residual Wound healing delay after amputation Patients can be fitted with VASS
limb health much earlier after amputation than

with other socket and suspension
types. Earlier mobilization after
amputation.

Residual Fluctuations in residual limb volume Use of VASS stabilizes residual limb
limb volume in the course of the day affect socket volume and prevents volume
fit and, thus, prosthetic mobility fluctuations during the day

Ferraro performed a survey using the Activity-specific Balance Confidence (ABC) scale to
quantify stumbles and falls, in a sample of predominantly TTAs (n = 13; 20 enrolled) who
utilized both VAS and pin system sockets for comparison. Whereas individual survey items
were not shown to be statistically significant, the overall ABC score was shown to have an
improvement of 15%, favoring the VAS over the pin system socket (p = 0.039) (1).

Samitier et al. investigated the effect of a vacuum-assisted socket system (Harmony) on
transtibial amputees' performance-based and perceived balance, transfers, and gait.
Sixteen subjects with TTA were initially assessed using their prosthesis with the regular
socket and reevaluated 4 weeks after fitting including the vacuum-assisted socket system.
The assessed indicators of the risk of falling improved significantly with the VASS
(Harmony): Berg Balance Scale increased from 45.75 (£6.91) to 49.06 (+5.62) (p < 0.01),
Four Square Step Test improved from 18.18 (£3.84) s to 14.97 (£3.9) s (p < 0.01), Timed Up
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and Go Test improved from 14.3 (£3.29) s to 11.56 (¥2.46) s (p < 0.01). The investigators
concluded that vacuum-assisted socket systems are useful for improving balance, gait,
and transfers in over 50-year-old dysvascular transtibial amputees (2).

In a study of Rosenblatt et al., 15 current users of VASS and 12 non-VASS users received
an email every two weeks for one year, with a link to an online survey that asked whether
they fell (i.e., “unintentionally came to rest on a lower surface”) or stumbled (i.e., lost
balance but did not fall) in the prior two weeks. Fall and stumble risk was compared
between groups. While the use of VASS did not affect the rate of falling (i.e., the number
of falls per person per year), the absolute risk of experiencing multiple falls was reduced
by nearly 75% in individuals with transtibial amputation, which is particularly important
given that recurrent falls are associated with more severe injuries (3).
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Board et al. used video analysis to observe gait symmetry and concluded that the use of
VAS sockets resulted in an approximately twofold increase in symmetry while observing
step length and stance duration (p = 0.000 and 0.037, respectively) as compared with
suction sockets (1). A randomized study of Klute et al. comparing pin systems to VAS
sockets suffered from 75% attrition (15 of 20 subjects enrolled dropped out), very likely
because of fitting problems. Consequently, they did not find benefits for the VAS sockets
(2). Kuntze Ferreira and Neves compared gait deviations between Kondylen-Bettung
Minster (KBM) and vacuum-assisted suspension using the Gait Profile Score (GPS), the
Movement Analysis Profile (MAP) and temporal-spatial parameters with 17 transtibial
amputees. Twelve of them used KBM sockets and five used VASS. The results showed that
the vacuum group walked faster than the KBM group but the differences in temporal-
spatial parameters were not significant. The GPS for the intact limb (IL) and the overall
GPS differentiated between the groups. In KBM group, the major deviations were in hip
flexion/extension for both limbs, knee flexion/extension for both limbs and ankle
dorsi/plantar flexion for the prosthetic limb. The vacuum group showed deviations
especially in ankle dorsi/plantar flexion for both limbs, knee flexion/extension for the
prosthetic limb and hip rotation for the prosthetic limb. Besides, the vacuum group was
more symmetrical than the KBM group. This study concluded that subjects who used
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vacuum presented smaller gait deviations and a more symmetrical gait than those who
used KBM sockets (3).

Samitier et al. investigated the effect of a vacuum-assisted socket system (Harmony) on
transtibial amputees' performance-based and perceived balance, transfers, and gait.
Subjects were initially assessed using their prosthesis with the regular socket and re-
evaluated 4 weeks after fitting including the vacuum-assisted socket system. These
researchers evaluated the mobility grade using Medicare Functional Classification Level,
Berg Balance Scale, Four Square Step Test, Timed Up and Go Test, the 6-Min Walk Test,
the Locomotor Capabilities Index, Satisfaction with Prosthesis (SAT-PRO questionnaire),
and Houghton Scale. A total of 16 unilateral transtibial dysvascular amputees were
included. Using the vacuum-assisted socket system, the patients significantly improved in
balance, gait, and transfers: scores of the Berg Balance Scale increased from 45.75 (+6.91)
to 49.06 (£5.62) (p < 0.01), Four Square Step Test improved from 18.18 (£3.84) s to 14.97
(£3.9) s (p < 0.01), Timed Up and Go Test improved from 14.3 (£3.29) s to 11.56 (+£2.46) s (p
< 0.01). The distance walked in the 6-Min Walk Test increased from 288.53 (+59.57) m to
321.38 (£72.81) m (p < 0.01). The investigators concluded that vacuum-assisted socket
systems are useful for improving balance, gait, and transfers in over 50-year-old
dysvascular transtibial amputees (4).

In another study, 18 current VASS users and 18 non-VASS users, all of whom were active
community ambulators, participated and completed three tasks in the following order: 1) a
quantitative gait analysis, 2) function and mobility tests (10-m walk test [1IOMWT] and
timed up and go [TUG]); and 3) 6 minutes of walking at self-selected speed (SSS) to
determine energetic costs of walking and socket comfort. Participants performed each
task under three suspension conditions, in random order, before proceeding to the next
task. The conditions were altering VASS by inactivating the vacuum and blocking the one-
way valve. There was no effect of suspension on cost of transport. However, participants
performed the TUG in shorter time using VASS and suction (p = 0.02 VASS vs. sleeve; p =
0.049 suction vs. sleeve; p = 0.54 VASS vs. suction) and performed the 10OMWT with greater
speed while using VASS compared with both suction (p = 0.027) and sleeve (p = 0.011). The
use of VASS resulted in a significant within-subject increase of 1.5 and 3 points in socket
comfort compared to suction (p = 0.001) and sleeve (p = 0.001), respectively. There were
no significant differences in any self-reported outcomes measures between VASS and
non-VASS users. The authors concluded that in absence of active vacuum, current users
of VASS experience an immediate reduction in comfort, presumably reflecting worse fit,
which may limit their ability to attain faster walking speeds (5).

References

1. Board WJ, Street GM, Caspers C. A comparison of trans-tibial amputee suction and vacuum
socket conditions. Prosthet Orthot Int 2001, 25(3): 202-209. doi: 10.1080/03093640108726603.

7 | Evidence Summary | Vacuum Solutions Reimbursement Guide | Ottobock



2. Klute GK, Berge JS, Biggs W, Pongnumkul S, Popovic Z, Curless B. Vacuum-assisted socket
suspension compared with pin suspension for lower extremity amputees: effect on fit, activity,
and limb volume. Arch Phys Med Rehabil 2011; 92(10): 1570-1575.

3. Kuntze Ferreira AE, Neves EB. A comparison of vacuum and KBM prosthetic fitting for unilateral
transtibial amputees using the Gait Profile Score. Gait Posture. 2015; 41(2): 683-687.

4. Samitier CB, Guirao L, Costea M, Camos JM, Pleguezuelos E. The benefits of using a vacuum-
assisted socket system to improve balance and gait in elderly transtibial amputees. Prosthet
Orthot Int 2014; 40(1): 83-88. doi: 10.1177/0309364614546927
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In a randomized controlled study, Traballesi et al. examined the effects of a vacuum-
assisted socket system (VASS) in a sample of transtibial amputees with wounds or ulcers
on the residual limb and evaluated prosthesis use as a primary outcome. Secondary
outcome measures were mobility with the prosthesis, pain associated with prosthesis use
and wound/ulcer healing. A total of 20 dysvascular transtibial amputees suffering from
ulcers due to prosthesis use or delayed wound healing post-amputation were enrolled.
Participants were separated into 2 groups: (a) the experimental group was trained to use a
VASS prosthesis in the presence

of open ulcers/wounds on the residual limb; and (b) the control group was trained to use
a standard suction socket system prosthesis following ulcers/wounds healing. At the end
of the 12-week rehabilitation program, all VASS users were able to walk independently
with their prosthesis as reflected by a median Locomotor Capability Index (LCI) value of
42, whereas only 5 participants in the control group were able to walk independently with
a median LCI value of 21. At the 2-month follow-up, the participants used their VASS
prostheses for a median of 62 hours a week (range of 0 to 91), which was significantly
longer than the control group using the standard prosthesis for a median 5 hours per
week (range of 0 to 56; p =0.003). At the 6-month follow-up, the difference between
VASS-users (median 80 hours, range of 0 to 112 hours a weeks) and control-users (59
hours, range of 0 to 91) was no longer significant (p = 0.191). Despite more intense use of
the prosthesis, pain and wound healing did not significantly differ between the 2 groups.
The authors concluded that these findings showed that the VASS prosthesis allowed early
fitting with prompt ambulation recovery without inhibiting wound healing or increasing
pain (1). Residual limb wounds are typically treated by suspension of prosthetic use until
healing occurs, increasing the risk of long-term prosthesis nonuse. Sockets with vacuum-
assisted suspension may reduce intra-socket motion and be less disruptive to wound
healing. Hoskins et al. conducted a case series to measure residual limb wound size over
time in persons with transtibial amputation while using prostheses with vacuum-assisted
suspension. Six subjects with residual limb wounds were fit with vacuum-assisted
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suspension sockets. Average wound surface area at initial measurement was 2.17 * 0.65
sg. cm. All subjects were instructed to continue their normal activity level while wounds
healed, with a mean of 177.6 + 113 days to wound closure. The investigators concluded that
results suggest that well-fitting sockets with vacuum-assisted suspension in compliant
individuals did not preclude wound healing (2).

The mechanism of the positive effect of vacuum-assisted sockets on residual limb health
and wound/ulcer healing was investigated by Rink et al. They reported first efforts to
quantitatively assess residual-limb circulation in response to VASS. Residual-limb skin
health and perfusion of 10 people with lower-limb amputation were assessed during a
randomized cross-over study comparing VASS to non-VASS (control) over a 32-week
period using non-invasive probes (trans-epidermal water loss, laser speckle imaging,
transcutaneous oxygen measurement) and functional hyperspectral imaging approaches.
Regardless of the suspension system, prosthesis donning decreased perfusion in the
residual limb under resting conditions. After 16 weeks of use, VASS improved residual-limb
oxygenation during treadmill walking. Likewise, prosthesis-induced reactive hyperemia was
attenuated with VASS after 16 weeks of use. Skin barrier function was preserved with
VASS but disrupted after control socket use. The authors concluded that these outcomes
suggested that chronic VASS use improved perfusion and preserved skin barrier function
in people with lower-limb amputation (3).
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Daily limb volume loss is a challenge for many individuals with transtibial amputation (1).
Residual limb volume loss greatly impacts the fit of the prosthetic socket (2). As the
residual limb reduces in volume, the socket may become loose, adversely affecting
interface pressure and shear stress distributions (3). Poor socket fit may affect limb
health and may also lead to skin breakdown, unstable gait, and injurious falls (1,4).

Board et al. conducted a study comparing suction to vacuum sockets in 10 subjects with
transtibial amputation (TTA). Residual limb volume was determined before and after 30
min of treadmill walking with a casting and water displacement method. The study
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concluded that volume increased 3.7% (p = 0.007) with VASS and decreased 6.5% with the
regular suction sockets (5). Goswami et al. performed an experimental study with 7 TTA
individuals who were observed after 18 min of walking in VASS sockets (9). Different-sized
sockets (undersized, neutral, and oversized) were fitted to assess the effect of VASS on
the residual limb. The mean residual limb volume increased by 92, 93, and 58 cc (p < 0.05)
in the undersized, neutral, and oversized sockets, respectively, compared to baseline
levels prior to physical activity (6). Sanders et al. employed bioimpedance analysis to
measure the residual limb fluid volume of 7 transtibial amputee subjects using elevated
vacuum sockets and non-elevated vacuum sockets. Fluid volume changes were assessed
during sessions with the subjects sitting, standing, and walking. In general, fluid volume
losses during 3- or 5-min walks and losses over the course of the 30-min test session
were less for elevated vacuum than for suction sockets. VASS maintained or increased
limb fluid volume in 6 of the 7 subjects (7). Another study enrolled a total of 12 individuals
with TTA. Although individual results varied, 11 participants experienced lower overall rates
of fluid volume loss in at least one limb region using elevated vacuum as compared to
suction after a 5.5-hour protocol with multiple intervals of activity. Thus, elevated vacuum
may be more effective as a volume management strategy after accumulation of activity.
Individual variation suggests the potential to optimize the limb fluid volume benefits of
elevated vacuum by reducing socket vacuum pressure for some users (8). Two systematic
reviews (9, 10) and a Clinical Practice Guideline on socket design, interface, and
suspension published in 2019 (11) concluded after a systematic review of the literature
that VAS sockets are indicated to decrease daily limb volume changes of the limb in the
socket while facilitating more favorable pressure distribution during gait.
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Pistoning of the residual limb within the socket results in higher interface pressures and
shear stress as a major contributor to pain and residual limb wounds/ulcers (1). Klute et
al. observed vertical movement of the residual limb with a motion analysis system while
subjects weighted and unweighted their prostheses during standing in place. Pistoning was
significantly reduced less in the VASS compared to pin system sockets (13 mm vs. 64 mm,
respectively; p = 0.0021) (2). Board et al. observed tibial displacement of 0.7 cm less than
the suction sockets using X-ray imaging in which unloaded volumes were subtracted from
loaded volumes to determine displacement (3). Also notable, they observed the amount of
liner displacement. Liners of VASS sockets displaced 0.4 cm less than the suction sockets
(p = 0.000) (3). Two systematic reviews of studies with vacuum-assisted socket systems
published in 2014 and 2016 confirmed the evidence for reduction in pistoning (4,5). Darter
et al. found in their study using digital video fluoroscopy in patients with transtibial
amputation that the total axial displacement of the tibia (0%-100% body weight) was
significantly lower using the elevated vacuum (vacuum: 1.3 cm, passive suction: 1.8 cm; p <
0.0001). Total displacement decreased primarily due to decreased motion during initial
loading (0%-20%; p < 0.0001). Other body-weight intervals were not significantly different
between systems. Thus, elevated vacuum suspension reduced axial limb-socket motion by
maintaining position of the limb within the socket during unloaded conditions (6). A
Clinical Practice Guideline on socket design, interface, and suspension published in 2019
concluded after a systematic review of the literature that “among modern suspension
options, vacuum assisted suspension (VAS) sockets permits the least amount of pistoning
within the socket, followed by suction suspension and then pin-lock suspension. The
traditional suspension options of supracondylar, cuff and sleeve suspension provide
comparatively compromised suspension.” (7)
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Beil et al. performed an experimental trial with 9 TTA subjects comparing total surface
bearing (TSB) suction sockets to VASS sockets (1). VASS reduced pressure impulse (mean
from 42.8 to 39.6 kPA) and peak positive pressure (mean from 83.5 to 80.0 kPa) during
stance. VASS also increased the pressure impulse (mean from -10.5 to -13.3 kPa), pressure
average (mean from

-21.2 to -26.5 kPa) and peak pressure (mean from -28.5 to -36.3 kPa) during swing. All
comparisons reached statistical significance (p < 0.05) (1). Two systematic reviews of
studies with vacuum-assisted socket systems published in 2014 and 2016 confirmed the
evidence for reduction in interface pressures (2,3). A Clinical Practice Guideline on socket
design, interface, and suspension published in 2019 concluded after a systematic review of
the literature that “VAS sockets are indicated to decrease daily limb volume changes of
the limb in the socket while facilitating more favorable pressure distribution during gait.”

(4)
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For the ambulatory person with lower limb amputation, insufficient management of
perspiration can result in inadequate prosthesis adherence, reduced mobility, and dis-
comfort. A study of Glute et al. compared a dynamic air exchange (DAE) prosthesis
designed to expel accumulated perspiration with a total surface bearing suction socket
(Suction) that cannot. Five people with unilateral transtibial amputation participated in the
randomized, crossover experiment. All subjects were given a 1-week acclimation period to
each study prosthesis while their step activity levels were measured. A rest-walk-rest
protocol, including a 30 min treadmill walk at a self-selected speed while wearing
thermally insulative garments, was then used to observe residual-limb skin temperatures
and perspiration. Afterward, subject opinions about the prostheses were assessed with
questionnaires. During the weeklong acclimation period, no statistical difference in step
activity levels were detected between prostheses (p = 0.22), but this may have been due
to self-reported behavioral modifications. During the rest-walk-rest protocol, no
differences in skin temperatures were observed (p = 0.37). The DAE prosthesis
accumulated 1.09%£0.90 g and expelled 0.67+0.38 g of perspiration, while the regular
suction prosthesis accumulated 0.97+0.75 g. The questionnaire results suggest that
participants were receptive to both prostheses. The DAE prosthesis was able to expel
more than a third of the total perspiration, suggesting it may enable longer uninterrupted
periods of perspiration-inducing activity (1).
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