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Abstract

Degloving injuries of the foot pose an important challenge to the reconstructive surgeon. Key features of reconstruction include
sensibility, stability, and durability. Preservation of plantar sensibility is considered to be a critical factor in the evaluation of lower
extremity trauma, with its absence once being considered an indication for amputation. However, recent studies show that
outcomes following limb preservation are not as adversely affected by a lack of plantar sensation than was once thought. With the
increasing practice pattern of attempting limb salvage in the face of impaired plantar sensation, methods and devices designed to
provide patients with maximal protection for loss of protective sensation (LOPS) in the affected limb are critical. The authors
present the innovative use of the SurroSense Rx smart insole system (Orpyx Medical Technologies Inc, Calgary, Canada) in the
management of LOPS in a patient with a degloving injury of the foot that was reconstructed with a latissimus dorsi free flap and
skin graft. To the authors’ knowledge, this is the first reported case of use of such a system following a traumatic injury to the
lower extremity.
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Introduction

Degloving injuries involving the plantar foot pose significant
challenges for surgical management and rehabilitation, given
the functional requirement of any reconstruction to withstand
the repetitive trauma associated with weight-bearing and
ambulation.'® Injuries to the heel are particularly challenging,
as the heel plays a vital role in weight transmission and walking
dynamics.” Native plantar glabrous skin is thick and durable,
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allowing it to tolerate significant stress from weight and shear
forces, while also making it difficult to reconstruct.®

Optimal plantar reconstruction provides durable coverage
with a favourable aesthetic, while enabling sufficient protective
sensation to prevent pressure sores.” In the setting of significant
tissue loss, especially of the heel, robust coverage is
often achieved with skin-grafted muscle flaps, such as serratus,
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Figure |. The SurroSense Rx smart insole system (Image used with permission from Orpyx Medical Technologies Inc, Calgary, Alberta).

Figure 2. Patient foot post-degloving injury to the right heel.

latissimus, and rectus femoris flaps.'®!' Coverage with micro-
vascular free tissue transfer has the advantage of providing
abundant, healthy soft tissue in various thicknesses, depending
on the size and location of the defect. In addition, free flaps can
be innervated to provide some sensory feedback. Despite their
durability, however, the loss of plantar protective sensation
(LOPS) that often persists in these patients, even in the presence
of nerve coaptation, leads to neuropathic ulceration in upward of
23% of cases involving plantar defect reconstruction.'*"?
Post-operative diligence, patient education, and meticulous
foot care are extremely important in maintaining results with-
out ulceration.'* Although specialized orthotics can help pre-
vent recurrent breakdown,'” these are no substitute for the
dynamic feedback cues provided by sensate plantar skin.

Figure 3. Patient foot post-reconstruction, involving microvascular
free tissue transfer of the left latissimus dorsi muscle, covered with a
split thickness skin graft.

The authors present the innovative use of the SurroSense Rx
in the management of LOPS in a patient with a degloving injury
of the right heel that was reconstructed with a latissimus dorsi
free flap and skin graft. To date, this device has been used and
studied exclusively in patients with diabetic peripheral neuro-
pathy at high risk of first and recurrent plantar ulcers. To the
authors’ knowledge, this is the first reported use case of such a
system following a traumatic injury to the lower extremity.

The SurroSense Rx (Figure 1) is a smart insole intended to
prevent plantar ulcers in the context of LOPS. The device
compensates for LOPS by providing dynamic smartwatch-
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Figure 4. Patient’s healed reconstructed right foot.
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Figure 5. Patient adherence (hours of device use per day) over the period of device use.
based cues for effective, on-demand off-loading. This feedback Case Report

is based on the identification of critical time/pressure signa-
tures in insole sensor data. When safe pressure and time thresh-
olds are exceeded, the patient is instructed to go through a
series of off-loading steps, including walking on the spot,
actively taking weight off the affected foot, and/or checking
the footwear for fit or the presence of a foreign body (eg, a rock
inside the shoe) in an effort to offload the area.

The patient is a 19-year-old male who sustained a degloving
injury of the right foot, including the plantar skin on the
proximal half of the foot, following a motor vehicle collision
(Figure 2). This was resurfaced with microvascular free tissue
transfer of the left latissimus dorsi muscle, covered with a split
thickness skin graft (Figure 3).
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Figure 6. Total number of alerts for the right heel sensor compared to all other sensors (right and left).
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Figure 7. Alert distribution by footmap region for the right and left foot over the monitoring period.

In the immediate post-operative period, the patient experi-
enced minor wound dehiscence over the right heel. Fragility of
the reconstructed right heel, coupled with LOPS of the over-
lying skin, meant that the right heel required daily taping and
ongoing diligence to help prevent secondary and tertiary pres-
sure ulceration. In an effort to help manage this condition, the
patient was fitted with the SurroSense Rx to enable ongoing
plantar pressure feedback from the insensate foot.

Results

The patient was monitored with the device for a total of
181 days, throughout which no recurrent ulcerative events

were seen (Figure 4). Adherence over time is shown in
Figure 5.

The patient generated alerts as per Figure 6. An alert was
generated when pressure on a single region was inadequately
offloaded (ie, pressure over time differed from what one
would see in a normal, sensate foot). Alert length was defined
as the time from the alert onset to the time of effective off-
loading.

The left foot demonstrated a significantly higher alert
number than the right (Figure 7). Notably, the affected
region (right heel) triggered substantially fewer alerts than
any other region.
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Discussion

The SurroSense Rx provided provider- and patient-level utility
with respect to the management of LOPS on the reconstructed
right heel.

From a provider’s perspective, the device was able to mon-
itor and quantify compliance with the prescribed foot care regi-
men. Data patterns emerged enabling one to deduce behaviour
with respect to plantar pressure distribution over time. Initially,
very few alerts were triggered on the right heel, while the right
forefoot demonstrated a very high alert frequency, suggesting
favouring of the affected foot and region.

For the patient, the device provided feedback to guide
dynamic off-loading of the plantar surface. The patient indi-
cated that this feedback allowed him to think less about avoid-
ing pressure on his right heel at all times. Similarly, the patient
indicated that the use of the system seemed to educate him on
what “safe” and “unsafe” pressure-time thresholds were and, in
this way, felt that there was some degree of learning that
occurred in using the device. Toward the end of the monitoring
period, the patient reported decreased use of the device on
account of this training effect.

The compensatory behaviour (favouring the right forefoot
and the contralateral [left] foot) seen in the early period of
device wearing has potential broad implications with respect
to the management of impaired plantar sensation, whether the
underlying etiology be injury-related or not. The tendency to
avoid weight-bearing on an injured region led to overloading of
other plantar regions. While this patient’s plantar sensation was
intact in those regions, one can imagine that patients with sym-
metric plantar neuropathy may incur injury to other tissues on
account of LOPS in those highly loaded regions. This suggests
that the device utilized herein may have utility in the monitor-
ing of unaffected plantar regions in the immediate post-
operative or post-ulcerative period in patients with plantar
reconstruction or plantar pressure ulceration, respectively.

The lack of recurrence of any ulcerative events over the
monitoring period was highly encouraging, suggesting that the
system assisted in the secondary prevention of pressure-related
injury to the affected foot. Further study with this device in this
unique patient population is merited.

Declaration of Conflicting Interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: Dr Breanne Everett is a co-founder of, and serves as the CEO
for, Orpyx Medical Technologies Inc. Dr A. Robertson Harrop and
Emily Bray are shareholders in Orpyx Medical Technologies Inc.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Josty IC, Ramaswamy R, Laing JH, Vacuum-assisted closure: an
alternative strategy in the management of degloving injuries of
the foot. Br J Plast Surg. 2001;54(4):363-365.

2. Garland DE, Saucedo T, Reiser TV. The management of tibial
fractures in acute spinal cord injury patients. Clin Orthop Relat
Res. 1986;(213):237-240.

3. Nottage WM. A review of long-bone fractures in patients with
spinal cord injuries. Clin Orthop Relat Res. 1981;(155):65-70.

4. Pinzur MS, Shields N, Trepman E, Dawson P, Evans A. Current
practice patterns in the treatment of Charcot foot. Foot Ankle Int.
2000;21(11):916-920.

5. Simon SR, Tejwani SG, Wilson DL, Santner TJ, Denniston NL.
Arthrodesis as an early alternative to nonoperative management
of Charcot arthropathy of the diabetic foot. J Bone Joint Surg Am.
2000;82-A(7):939-950.

6. Bosse MJ, McCarthy ML, Jones AL, et al. The insensate foot
following severe lower extremity trauma: an indication for ampu-
tation?. J Bone Joint Surg Am. 2005;87(12):2601-2608.

7. Aitken JT, Causey G, Joseph J, Young JZ. A Manual of Human
Anatomy. 3rd ed. Vol. 3: The Upper and Lower Limbs. London,
United Kingdom: Churchill Livingstone; 1976:188-192.

8. Oh SJ, Moon M, Cha J, Koh SH, Chung CH. Weight-bearing
plantar reconstruction using versatile medial plantar sensate flap.
J Plas Rec Aesth Surg. 2011;64(2):248-254.

9. Liebau J, Berger A, Pallua N, Dordel HJ. Reconstruction of plan-
tar defects. Eur J Plast Surg. 1997;20(6):300-305.

10. Lin SD, Chou CK, Yang CC, Lai CS. Reconstruction of plantar
heel defect using reinnervated, skin-grafted flexor digitorum bre-
vis flap. Br J Plast Surg. 1991;44(2):109-112.

11. Latifi R, El-Hennawy H, El-Menyar A, et al. The therapeutic
challenges of degloving soft-tissue injury. J Emerg Trauma
Shock. 2014;7(3):228-232. doi:10.4103/0974-2700.136870.

12. Liu L, Zhou Y, Cao X, Cao X, Cai J. Heel reconstruction
with free instep flap: a case report. J Med Case Rep. 2014;
26(8):319.

13. Potpari¢ Z, Rajaci¢ N. Long-term results of weight-bearing foot
reconstruction with non-innervated and reinnervated free flaps. Br
J Plast Surg. 1997;50(3):176-181.

14. Rainer C, Schwabegger AH, Bauer T, et al. Free flap reconstruc-
tion of the foot. Ann Plast Surg. 1999;42(6):595-606.

15. Rautio J. Resurfacing and sensory recovery of the sole. Clin Plast
Surg. 1991;18(3):615-626.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


