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Abstract: The thumb is regarded as the most important digit of the hand, accounting for approximately 40% of the entire function of
the hand, loss of a functional thumb leads to loss of key functions and patient autonomy. When the nature of the injury and the
amputated part allow it, replantation is the standard of care. However, in cases of tip injury, where the amputated tissue is destroyed or
otherwise rendered unusable, other reconstructive methods are used. It is imperative to maintain as much function and sensation as
possible while restoring as much lost function and sensation as possible. This includes preservation of the interphalangeal (IP) joint,
achieving good soft tissue coverage and restoring motor and sensory functions. With a variety of techniques described in the literature,
thumb reconstruction proves to be a formidable task. Moreover, the technique selected must minimized complications associated with
reconstruction such as hypersensitivity, contracture deformities, poor aesthetics, limited range of motion and insufficient coverage. We
review and summarize the techniques of revision amputation, Moberg advancement flap, FDMA flaps, free tissue transfer from the
great toe and non-operative management. We include case reports that highlight the benefits and limitations of some of these
techniques.
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Introduction

The thumb is regarded as the most important digit of the hand, accounting for approximately 40% of the entire function
of the hand.' Three finger pinch, key pinch, grip strength and opposition help to accomplish many tasks of routine daily
life; loss of a functional thumb leads to loss of patient autonomy.” In 2018, the CDC reported that approximately 13% of
all emergency department visits, over 3 million total, were due to injuries of the wrist, hand and fingers.? Clearly, there is
a profound need to properly reconstruct thumb injuries.

Key functional components of the thumb include adequate length, joint stability, range of motion, tactile sensation,
intact nailbed, soft tissue coverage, and well-controlled pain.* Failure to address any one of these components leads to
significant functional impairment and constitutes a serious injury. For instance, preserving thumb sensation requires the
preservation or restoration of a high density of Vater-Pacini, failure to consider this fact will lead to a loss of the specific
sensory ability of the thumb.®

Replantation is the standard of care when there is sufficient tissue to replant and when the nature of the injury is
amenable to it.” However, in cases of tip injury, where the skin and soft tissue are lost or destroyed (ie, crush injuries)
other reconstructive methods must be employed. Furthermore, there may not be blood vessels of adequate caliber to
allow reliable blood vessel anastomosis.

Goals of reconstruction follow the principles of repairing like with like, especially with regard to the unique nature of
glabrous volar thumb skin. It is imperative to maintain all intact key functional components, and to restore as many lost
key functional components as possible. Here, some of the most popular and effective methods are reviewed along with
case reports outlining our preferred techniques and applications.
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Cases
Patient Case |—FDMA Flap

This 44-year-old patient initially presented with a total thumb tip amputation. After explanation of risks and benefits, the
patient decided to move forward with an attempt at replantation. Upon replantation, only arterial anastomosis was
possible; no veins were anastomosed due to their extremely small diameter. Postoperatively, IV heparin was given to
establish growth of new vessels into the thumb for provision of venous outflow. The patient remained hospitalized to
monitor the progress of the tip.

On the 8th day post operation, the patient became concerned of the socio-economic impact that a prolonged
hospitalization would have on him and so he desired the thumb tip amputated despite its viability. After deliberation
and discussion with the patient, we moved forward with an operative amputation of the thumb tip, after which the patient
was discharged.

A week after discharge, the patient presented to our clinic and was offered reconstruction of the open wound of his
thumb stump utilizing the FDMA kite flap. The wound to be covered measured 2.5 cm x 2.5cm with some bony exposure
(Figure 1A).

The patient was taken to the OR where a 2.5 cm x 3 cm flap was traced out over the dorso-radial skin of the proximal
phalanx of the index finger and the flap dissected. An incision was then extended proximally towards the metacarpal
region. Micro scissors were used to dissect the subcutaneous tissue, and a neurovascular pedicle of approximately 8cm
was mobilized (Figure 1B).

Dissection of the thumb recipient site was carried out with #15 blade: skin edges were gently raised on all sides of the
defect. A tunnel extending from the metacarpal area to the base of the thumb was created, and incision was made along
the ulnar side of the thumb to pass the vascular pedicle of the flap through to the recipient site. The flap was inset, and
skin flaps along the thumb incision were mobilized to avoid compression of the vascular pedicle. Closure of the skin
along the incisions and around the flap was achieved with 4-0 nylon.

Figure | (A) Open wound of the tip of the thumb, 2.5cm x 2.5cm. (B) The kite flap raised over the dorsal index finger. (C) View of the thumb 32 days after surgery. (D)
Patient is able to perform pinch and opposition.
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The left groin area was then utilized as a donor site for the full thickness skin graft to the index finger. A 3cm incision
was made and a scalpel used to raise a graft. The groin site was closed primarily with 4-0 nylon sutures and dressed. The
full thickness skin graft was then sutured into the donor site on the index finger utilizing 4-0 nylon sutures. A bolster of
mineral oil-soaked cotton and petrolatum/bismuth tribromophenate impregnated dressing (Xeroform) was tethered down
over the graft with 4-0 nylon sutures. 4x4 gauze and gauze wrap was used to cover the hand and an ace bandage was
used as a protective dressing.

The patient was seen in the clinic at regular intervals and, for the final time, 32 days post-operation. The patient
showed excellent range of motion and strength in all joints as well as good soft tissue coverage of the tip of the thumb
(Figure 1C). The IP joint was preserved, allowing good opposition and pinch abilities (Figure 1D). The full thickness
skin graft partially failed; however, the donor site healed well by secondary intention without any functional donor site
morbidity.

Patient Case 2—Free Tissue Transfer from the Great Toe
A 55-year-old patient presented with a large posttraumatic open wound/defect to the right thumb pulp as a result of
a work-related accident. The defect measured 3.5cm X 2.5c¢m in size (Figure 2A). If this defect was not repaired, it would
compromise the entire function of the thumb, and therefore, the entire function of the hand. In choosing reconstructive
options, a free flap from the right great toe was selected as it would adequately restore contour and sensation to the pulp.
The operation began by debriding an open wound on the right thumb. Then its ulnar digital nerve was mobilized. An
incision was made along the first web space down to the anatomic snuff box to isolate the radial artery and cephalic vein.
A template of the wound was created and marked on the inner aspect of the right great toe. The course of the first
metatarsal artery was traced back, about 10 cm, along to the dorsalis pedis artery, utilizing a Doppler probe (Figure 2B).
The flap was incised along the markings. The first metatarsal artery was dissected down as well as a branch of the great
saphenous vein and a branch of the plantar digital nerve (Figure 2C).

Figure 2 (A) Large skin-soft tissue defect of the pulp of the right thumb, 3.5%x2.5cm. (B) The template of the flap and course of the supplying vessels. (C) The flap elevated
with vascular pedicle dissected.
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The flap was then divided off the foot on its neurovascular pedicle. The wound at the donor site was closed primarily with 4-0
nylon. 8-0 nylon was used to anastomose the artery of the flap to the radial artery in the anatomic snuff box end-to-side, the vein
of the flap to the cephalic vein end-to-end and was also used to coapt the plantaris digital nerve to the ulnar digital nerve all under
operative microscopic magnification. Flap perfusion was confirmed, and the flap was inset with 4-0 nylon. Upon the closure of
the incisions, it was determined that the wound over the vascular pedicle at the base of the flap, about 1cm? area, could not be
closed without compromising it. A porcine dermal collagen-nylon-silicone (Biobrane) membrane was used to cover that area
temporarily, as primary closure of that area without compromising the pedicle was not possible. The wounds were then dressed.

After the patient returned to clinic on the 88th day post-operation, the wound was assessed for the final time. The
thumb was found to have full coverage of glabrous skin with full restoration of the nearly completely lost pulp
(Figure 3A). Range of motion and strength in pinch and grip were found to be excellent and well restored
(Figure 3B). Moreover, the donor site showed some scarring as the only residual donor site morbidity (Figure 3C).

Patient Case 3—Free Tissue Transfer from the Great Toe

A 52-year-old male patient presented with a Scm X 2.5cm injury to the thumb after a machine crushed it at work. The
injury occupied the entire volar surface of the thumb pulp and half of the area over the proximal phalanx with exposure
of the bone and flexor tendon (Figure 4A and B). Given the character and size of the wound, a decision was made to
perform free tissue transfer from the left great toe to the thumb.

The operation began by debriding the thumb of devitalized tissues. The ulnar digital nerve of the thumb was identified
and mobilized. An incision was made along the first web space down to the anatomic snuff box to isolate and mobilize
the radial artery and the cephalic vein. A template of the defect was created.

The wound template was then traced over the inner aspect of the left great toe from its tip to the base of the web space
(Figure 4C). A lazy-S incision was then made on the foot followed by dissection of the vascular pedicle consisting of the
first metatarsal artery, the dorsalis pedis artery, and the saphenous vein. The edges of the flap were then incised along the
markings, and the flap mobilized (Figure 4D). It was determined upon the harvesting of the flap, that the digital nerve of
the great toe could not be incorporated into the flap as it was located far more plantarly. Additionally, the branch of the
dorsal digital nerve was too small in diameter to be used for coaptation.

This donor site was then templated, and the template traced over the calf. An approximately 7cm x 3cm full thickness
skin graft was then traced and harvested. The calf donor site was closed in two layers using 3—0 polyglactin (Vicryl) then
4-0 poliglecaprone (Monocryl) sutures. The graft was then preserved off the table in moist gauze.

The recipient site vessels were then prepared under microscopic magnification. The flap was divided at the vascular
pedicle and end-to-side anastomosis was performed using 9-0 nylon suture. After this, focus shifted back to the foot
donor site where the full thickness graft was set in place using 4-0 polyglactin (Vicryl) and 4-0 nylon, in two layers.
A vacuum assisted closure device was then placed over this site to function as both a bolster and to function as an
incisional vacuum. Once the graft was finished, attention shifted back to the thumb where the flap edges were inset using
4-0 nylon. Due to excess tension on the flap, a small area on the radial aspect of the tip of the thumb was left open to heal

Figure 3 (A) View of the right thumb after reconstruction. (B) Patient is able to perform pinch with good strength. (C) View of the right great toe donor site.
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Figure 4 (A) Open wound / soft-tissue defect of the left thumb 3.5%2.5cm with exposure of distal phalanx and flexor tendon. (B) Wound after debridement. (C) The
template of the flap and course of the supplying vessels. (D) The flap elevated with vascular pedicle dissected.

by secondary intention. The nailbed was stented open with a foil stent, and the thumb wrapped in petrolatum cellulose
acetate dressing (Adaptic) and gauze.

On the 134th day post-operation, the patient returned to clinic for the last time. Excellent soft tissue coverage with
well vascularized skin was achieved (Figure 5A). The patient only reported some weakness in heavy pushing exercises,
but otherwise had fully functional thumb pulp. The patient had restoration of pinch function (Figure 5B) and was able to
use his thumb to accomplish most all his tasks of daily life and was cleared to work two weeks after this visit.

Patient Case 4—Non-Operative
We have performed a total of 13 non-operative fingertip repairs utilizing the following method. 4 of these cases were
thumbs with patients ranging in age from 7 to 60 years old.

This patient presented to the emergency department with traumatic amputation of the thumb tip. This wound was
approximately 2cm in diameter and was transverse across the tip, orthogonal to the phalanx, and spanned the pulp and part of
the nail, a classic Allen class Il amputation (Figure 6A). To avoid unnecessary surgery, and since surgery might not produce better

Figure 5 (A) View of the left thumb after reconstruction. (B) Restoration of pinch.
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Figure 6 (A) Open wound at the tip of the left thumb, 2 x 2cm. (B) Wound healed by secondary intention upon semi-occlusive dressings treatment. (C) Restoration of
pinch function.

results, we decided to treat conservatively. The wound was irrigated and cleaned thoroughly, after which debridement of any
unviable tissue and debris was performed. The wound was then covered with a semi-occlusive polyurethane film (Tegaderm)
without any sort of ointment beneath the dressing. Soft cotton cling dressing was then used to cover the dressing, being sure not to
obstruct range of motion at the IP joint and encouraging the patient to maintain mobility of their thumb. The patient was then
instructed to return to the clinic every week to have the dressing changed.

Changing the dressing involved removing the old dressing, allowing the wound to dry and aerate for 10—15 minutes,
then reapplying the same style of dressing. The dressing is applied to allow free mobility of all joints and the patient is
encouraged to keep their thumb mobile.

On the 38th day after the first evaluation, the patient returned to the clinic for the final time. The thumb tip showed
excellent healing with full restoration of the pulp, the nail, and the fingerprint (Figure 6B). Range of motion and pinch
were restored to their normal levels (Figure 6C) and cosmesis was superb.

Discussion

Revision Amputation
Revision amputation is a procedure commonly used to eradicate infections, neoplasia, tissue with vascular compromise,
functionally compromised tissues, and neuromas. While the procedure of revision amputation is relatively simple to
perform, a skillful approach must be taken when addressing the thumb, so as to avoid delayed healing, pain, nail
deformities, poor aesthetics, hyperesthesia, motor function impairment and stiffness.’

A key consideration is length, since reducing the length of the bone at the tip of the thumb results in significantly reduced
strength in key pinch grip and 3-point pinch grip.® Therefore, revision amputation should only be considered as a last resort
option where there is a clear benefit that outweighs the loss of either soft or bony tissue at the tip of the thumb.
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Moberg flap / Palmar advancement flap
In 1964 Moberg introduced a method to advance a volar neurovascular flap from the thumb itself to close defects at the
tip. Tissue proximal to the defect at the end of the thumb is dissected off the base of the thumb, sufficient to reach the
most distal end of the defect.® This reconstructive modality has been shown to have satisfactory results in sensory
(2-point discrimination), range of motion (opposition and flexion at the IP joint), grip strength and DASH (disabilities of
the arm, shoulder and hand) questionnaire categories.”'°

There are, however, major problems with this flap with some of the most common complaints including cold
intolerance, nail deformities, pulp instability, pain, neuropraxia, and difficulty with buttoning.”'° There is also
a significant risk of permanent flexion contracture and of potential loss of part or of all the thumb, in cases where the
flap fails. In most cases, the advancement flap places the thumb in at least a slightly flexed position, with greater flexion
being required in repairing larger tip defects. Excess tension established by aggressive advancements can lead to skin
necrosis, as well as thumb contracture.>!!

Another limitation is that good coverage can only be achieved in defects up to 2 cm in size. A modification described
by O’Brien islandizes the flap and allows coverage of larger defects.'? To further extend the reach of the flap while

417 and skin grafting'? have been

providing relief of flexion at the base of the thumb, z-plasties,'""'* V-Y advancements
described. Skin grafting brings problems with scar contracture, instability and color mismatch.* Dellon demonstrated that
defects up to 3cm can be closed via utilization of an islandized flap similar to O’brien, but with donor site closure
utilizing two rotational flaps, an option that provides satisfactory closure but necessitates a technically challenging

procedure that may unnecessarily prolong surgery.'”

FDMA Flaps: Foucher Flap & Holevich flap

In 1979, the eponymous Foucher, along with Braun, described and popularized the kite flap,'® a flap based on the first dorsal
metacarpal artery (FDMA or DMCA), on previous versions described by Hilgenfeldt in 1950 and by Holevich in 1963.%°
Foucher utilized these two previous concepts and islandized the flap.

This kite flap can also be harvested with a sensory branch of the radial nerve to help restore immediate sensation, obviating
the need for nerve coaptation.® Excellent tactile gnosis has been reported by Small and Brenan in 1988.2' Zhang et al in 2011
reported an improvement in the 2-point discrimination of the flap by performing neurorrhaphy between the sensory branch of
the radial nerve, included in the flap, and the proper digital nerve of the thumb; a technique that is technically demanding but
can be considered when the patients’ occupational needs or personal goals demand higher levels of sensation.

The flap can provide good coverage of both dorsal and volar defects and can bring significant volume to fix large pulp
defects.” The donor site is then usually covered with a full thickness skin graft.'®!? Despite the need for skin grafting,
significant donor site morbidity remains low; and pain, sensory, range of motion (Kapandji scores) and aesthetics are
favorable.”® Average FDMA flap sizes reported in the literature range from 5.89 cm? (reported by Ghoraba et al)** to
6.46cm” (reported by Satish)® to 7.1 cm?® (reported by Giinay et al).*?

In comparison to the Moberg flap, Durgut et al directly found the Moberg flap to be superior in avoiding cold
intolerance and in finer static 2-point discrimination.”® This improvement must give careful consideration to the
limitations of the Moberg flap, which the FDMA flap can overcome, namely in closure of dorsal and larger defects.

Modifications of the FDMA flap have been described throughout the literature: Tan et al proposed the radial proper
palmar digital artery as a supplement to the FDMA in cases where a larger flap is needed, or if the FDMA is insufficient,
unavailable, or damaged.?’ El-Khatib describes success in extending the FDMA flap beyond the territory of skin directly
supplied by the FDMA, extending distally into the dorsal skin of the distal portion of the proximal phalanx and the skin
over the middle phalanx. Though this skin does not have direct supply by the FDMA, El-Khatib suggests that the strong
dermal-subdermal plexus that is part of this skin is sufficient to ensure its viability. In this way, the FDMA flap can be
used to cover even larger thumb wounds.”® Recently, Couceiro et al extended the flap by adding a lobe supported on
the second dorsal metacarpal artery, producing a bilobed flap, which is used to close very large defects of the thumb.*’

The Holevich flap is a modification of the Hilgenfeldt flap that utilizes the same FDMA as both Foucher and
Hilgenfeldt, but with an attached racquet of skin extending from the dorsal hand to the proximal index finger. This skin
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allows immediate restoration of sensation to the lateral or medial thumb as well as the part of the tip that was injured. It is
otherwise functionally similar to the FDMA flap.*°

In a small case series directly comparing the Foucher and Holevich flaps, Couceiro et al, reports that the Holevich flap
appears to have better outcomes in terms of less venous congestion, less cold intolerance, and less flap necrosis.*® Each
group only had 5 cases and thus definitive conclusions cannot be drawn; however, it would support the thought that the
racquet style flap might be less prone to vascular compromise due to less compression of the neurovascular bundle, in

comparison to the Foucher flap.*!-*?

Free Flap from the Great Toe

Free tissue transfer can provide an effective solution when there is a large defect that requires substantial coverage, and
when local or regional flaps are unsuitable or unavailable. Trauma can damage structures that would otherwise serve as
donors to thumb defects, in these cases, free tissue transfer would be the treatment of choice. Free tissue transfer is
especially useful in larger pulp defects, where local tissue is insufficient, or has been simultaneously lost, especially given
the importance of functional, painless thumb pulp.>® Some examples include free flaps from the lateral forearm,’ groin,’
medial plantar surface,** and great toe.

The great toe shares many similarities to the thumb in the arrangement of both internal and external structures, as well as
similarities in subcutaneous tissue and glabrous skin. It can be transferred entirely to replace a non-viable and/or fully
amputated thumb,” or as a partial tissue transfer to cover partial amputations.*® The first full great toe transfer was done in 1968
by Cobbett.*® The transfer of a neurovascular free flap from the great toe was first described in 1979 by Buncke and Rose to
improve results of the regional flaps that were traditionally being used. They demonstrated improved two-point discrimination,
less hyperesthesia, less donor site anesthesia and obviated the need for cortical re-orientation.>’>° The flap is also preferred if
aesthetic appearance is of high importance, as there are no donor site scars on the hands.*® Furthermore, the donor site
morbidity to the foot is minimal, usually with no functional and minimal aesthetic impairment. Variations of free tissue transfer
from the great toe are numerous, including transferring any part of the skin, nail, bone and joint or pulp.*!

There should be a careful consideration as to the amount of bulk taken from the great toe in order to avoid re-operations.*’
Moreover, the transfer of free tissue is not without risk, and in patients of advanced age, should be limited due to the increased risk
of flap failure or poor sensory recovery.** As with any microsurgical free flap, this is a technically demanding procedure and
anastomotic failure can happen, leading to rapid flap loss or necrosis.*> Absolute contraindications to free tissue transfer include
injured donor tissue, compromised donor or recipient vasculature or infections affecting either donor or recipient sites.**

Non-Operative Methods

Reconstruction of the open wounds/skin defects of the thumb tip is technically difficult. In certain instances non-
operative management provides a low-skill treatment alternative that provides quite adequate healing of the wound.*
Healing by secondary intention allows preservation of the thumb length, with epithelialization that restores near normal
skin with satisfactory sensation.” The cost of non-operative management of tip injuries is substantially lower than even
the simplest surgical procedures.*® There is also a lack of evidence showing a clear benefit in healing or function with
surgical intervention over non-operative methods in management of the thumb tip wounds.*’

Defects that have no bony exposure, and are limited in size (consensus usually lands on <2cm?) are ideally managed
with non-operative methods.” Special care should be taken in wounds where the size of the defect is larger, since
secondary intention does not restore volume to the thumb tip, which can lead to impairment of precision grip and 3 finger
pinch, as well as hyperesthesia, and cold intolerance.”

Bone exposed to the level of the defect is not an absolute contraindication to non-operative management and Quadlbauer et al
describe good results in such cases, though special care must be taken to ensure adequate soft tissue coverage.*®

One review found that as much as 6% of tip injuries result in nail deformities*” thus care must be given to defects that
involve the nailbed or eponychia, as damage to these structures can lead to suboptimal cosmesis or even functional
impairment and pain.*’
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45:46.48 and occlusive

Various techniques have been reported in the literature to achieve wound healing. Semi-occlusive
dressings*’ allow the wound to retain the proper environment for healing while reducing the number of dressing changes
that some older techniques, like paraffin gauze, required.’

Lee et al report treatment of 156 fingertips with a hyphecan biopolymer, a semi-occlusive dressing that requires no
dressing changes, healed in an average of 32 days, and demonstrated good healing with only 4 cases of clinically minimal
infections.”® Semi-occlusive polyurethane film (Opsite) has been used by Mennen & Weise with good results resulting in
healing times ranging from 20 to 30 days though this method required weekly dressing changes.”' More recently, Ng et al
describe a method utilizing a custom molded thermoplastic fenestrated finger cap with underlying UrgoTal semi-
occlusive dressing that demonstrated a low-cost technique that required bi-weekly evaluation and has similar healing
times to other semi-occlusive dressing methods.*¢

Downsides of fully occlusive methods involve inevitable maceration of the surrounding skin, and difficulty in
assessing progression—especially if sulfadiazine cream is used.’? Healing times are long, and dressings usually require
weekly changes for as long as the wound takes to heal. It is also important to make patients aware of a potential foul, yet
benign, odor that may come from the wound exudate.’

Our experience shows that the most successful application of non-operative management is for superficial skin/soft
tissue defects with a minimal component of contusion. Using weekly semi-occlusive dressing changes with polyurethane
semi-occlusive dressings (Tegaderm), we were able to achieve secondary healing with satisfactory aesthetic and
functional results in simple wounds of up to 6 cm®. However, more complicated wounds, up to 4 cm’, can also be
successfully managed with this method after an initial conservative debridement. Healing time varied from 4 to 5 weeks.

We have overall found this technique can produce excellent results and can obviate the need to surgically repair
certain defects. This is especially true of injuries to the tip, which is may otherwise prove a technically demanding

reconstruction.

Conclusion

There are numerous methods, operative and non-operative, to manage skin/soft tissue defects of the thumb (Figure 7). We
advocate for an individual approach, selecting the best option based on the size, location, and other characteristics of the
defect, as well as the general condition of the patient. Free flap transfer from the great toe is an excellent method of
restoration for large, post-traumatic, open wounds of the thumb. Non-operative methods should likely be utilized more

frequently, especially to avoid the significant risks related to surgery.

Significant tissue missing?

Yes No
Free tissue transfer. | | Visible bone exposed?
No Yes
A 4
| Size? |>4$>| Size?
<4cm

\ i<2cm \ 2-4cm v>4cm

| Non-operative technique. | FDMA flap. Palmar Free tissue
advancement transfer.
flap.

Figure 7 General algorithm for the selection of reconstructive method, may vary based on specific patient considerations.
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Ethical Considerations

This set of case reports is not considered research under the IRB requirements of what is research, therefore IRB review
is not required. All patients provided written informed consent to use their de-identified case details and images as part of
this case series.

Disclosure
The authors report no conflicts of interest in this work.
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