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Abstract. Introduction: The authors discuss challenges in extensor function restoration at the finger level fol-
lowing distal posterior interosseous or tendon complex injuries, according to the typologies of lesions or the
specific patient requirements. Materials: The authors report on two cases describing challenging resolutions.
One patient with EDC lag from zone 6B to 8 requiring FCU prolonged with cadaveric grafts. One young
patient with distal posterior interosseous lesion requiring selective tendon transfers to EPL and EIP to restore
selective and autonomous index extension. Resu/ts: In both cases the main goals were obtained, achieving
high index of patient satisfaction and excellent outcomes with the restoration of the extension of the fingers.
Conclusions: In distal posterior interosseous nerve lesion, high demanding patients may require selective func-
tion to restore fine motor skills, such as autonomous index extension. In extensor tendons loss of substance
from zone 6 to 8, involving musculotendinous junction proximally and short remnants distally, by-pass ten-
don transfer prolonged with cadaveric grafts is required. The authors highlight the techniques available as

escape plan according to the necessary solutions.
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Introduction

Tendon transfers in hand surgery involved a wide
number of techniques with the purpose of restora-
tion of one or more motor functions (1-8). The deficit
can result from tendon or nerve damage. The surgical
choices are determined by many factors: the damage
itself, the type of lost function, the time elapsed since
the initial injury and many other conditions related to
the patient (age, comorbidities, joint stiffness, presence
of scars, surrounding soft tissues conditions).

In this scenario, the restoration of ﬁnger exten-
sion is crucial for a complete functionality of the hand,
especially in highly demanding people (6, 7).

The loss of finger extension can be secondary to
tendon ruptures or to paralysis of the posterior inter-
osseous nerve. In the first case, palliative surgery is

proposed when there is a loss of substance due to in-
veterate damage or bad tendon quality which does not
allow direct repair (e.g., theumatoid arthritis). When
a nerve paralysis subsists, in absence of spontaneous
recovery after one year from the injury or after a failed
repair, tendon transfers are proposed and they can be
an early first choice in elderly patients (1-3).

This given, planning a tendon transfer surgery for
finger extension restoration must consider all the is-
sues related to the injury and the patient, and can in-
clude a wide range of possibilities.

When the damage involves the extensor tendons
in zone 6-8 with a major loss of substance, the com-
plexity of the treatment increases due to the possible
need of grafts (4, 5).

In this article we describe two different cases of
palliative transfers in order to restore finger extension
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after a tendinous and nervous lesion respectively, fo-
cusing on the challenge of planning the best surgery
for each one. The procedures were strongly patient-
centered and differed enough from the traditional
biomechanics of the most common tendon transfers.
With this analysis we insist on the need to personalize
the treatment, considering above all the functional re-
quests of each patients, and trying to adapt and modify
the traditional techniques to each specific case.

Case series
Patient 1

A 65-year-old man came to our attention com-
plaining deficit of long fingers’ extension after a pre-
vious ORIF of a distal radius fracture. His clinical
history was unremarkable, with a good general health
status. The surgical procedure was performed 4 months
before in another hospital and consisted of ORIF with
a volar locking plate. Subsequently, he started the
standard rehabilitation program in order to recovery a
satisfactory range of motion of the wrist. From the very
beginning, however, he noticed the inability to extend
the third and fourth fingers, so he decided to come
to our hospital. Physical examination revealed a com-
plete loss of extension of the third and fourth finger at
the metacarpo-phalangeal joint level, with just a par-
tial deficit at the second and at the fifth finger (Fig.1).
We hypothised the rupture of the extensor digitorum

Figure 1: Preoperative features of the EDC deficit at the left
hand. The major extension lag is recorded at the central long fin-
gers due to the residual function of the extensor proprius of the

second and little finger.

communis (EDC) at the wrist level, with preservation
of the extensor indicis proprius (EIP) end extensor
digiti minimi (EDM). We prescribed a scan that con-
firmed the complete lesion of the EDC at the wrist
level with degeneration and loss of substance of the
tendons. A CT-scan was preformed that excluded any
dorsal protrusion of the screws potentially responsible
of tendon damage. After these exams, in the absence
of any comorbidities such inflammatory-degenerative
arthritis, we assumed that the rupture occurred at the
time of the trauma through a crushing mechanism
with his wristwatch during the forced hyperextension
of the wrist in the fall, which was then passed unac-
knowledged. The closeness of the lesion to the myo-
tendinous junction (MT]J) the muscular retraction, the
tendon residual gap and degeneration, (Fig.2) and the
time elapsed after trauma, convinced us not to con-
sider a secondary repair even with grafts. We decided
to transfer the flexor carpi ulnaris (FCU) to the ECD
by an intercalated cadaver allograft (extensor hallucis
longus). The proximal portion of the graft was sutured
on the FCU, then the distal stump was divided in two
heads, each of them sutured to the corresponding
remnant of the third and fourth EDC (Fig.3). All the
sutures were performed according to the side-to-side
technique described by Friden and Lieber (9), because
of its properties in strength and gliding, and adaptabil-
ity in mismatched tendon size/shape and small distal
remnants. We decided not to suture the second and
fifth EDC because of the presence of intact EIP and
EDM, the preserved extension pulling effect from the
adjacent juncturae, and the observation in rheumatoid
hands that the reconstruction of two fingers had bet-
ter outcomes than surgery extended to more fingers.
Postoperatively a plaster cast was applied in order to
protect the sutures, but physical therapy was started
immediately, removing the cast during active assisted
mobilization.

Patient 2

A 17-year-old boy came to our attention after a
lacerated wound on the dorsal aspect of the proximal
third of his right forearm, sutured 14 months before
in another hospital. After the trauma, he showed a pa-
ralysis of the extensor pollicis longus (EPL), EIP and
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Figure 2: Intra-operative aspects of the EDC lesion occurred by
the subcutaneous crushing and sliding action of the wristwatch.

EDM related to a partial posterior interosseous nerve
(PIN) injury. The EDC had limited independent action
whereas the EIP has independent muscle belly and no
juncturae being able to perform specific actions such as
pushing a button and pointing. Following the specific
request of the patient to restore the independent exten-
sion of the thumb and second finger, we performed a
transfer of the palmaris longus (PL) on the EPL and
of the flexor digitorum superficialis (FDS) of the third
finger on the EIP through the interosseous membrane
in order to provide a reliable selective function of the
index (Fig.5). We agreed not to treat the EDM deficit
due to the presence of an active extension of the little
finger provided by the EDC. A plaster cast was applied
to protect the sutures, but physical therapy was started
immediately, removing the cast during active assisted
mobilization.

Results

In both cases, during the follow-up, the active
and passive range of motion (ROM) of the wrist,
metacarpo-phalangeal and inter-phalangeal joints of
the long fingers and thumb were recorded. The grip
and pinch strength were detected using the Jamar and
pinch dynamometers. The subjective patient satisfac-
tion was assessed. Because of such selective proce-
dures, the DASH score was considered not useful in
assessing the global functional recovery.

25 days after surgery the former patient started
to play guitar, and at three months follow-up he re-

Figure 3: The FCU was transferred to the EDC and prolonged
with a cadaveric allograft. All sutures were side-to-side ones,
useful to achieve high strength and gliding.

covered excellent extension of the fingers also during
wrist extension (Fig.4), with no loss of finger flexion
in fingertip-to-palm distance. He referred relevant
satisfaction. Clinically, only a 15% of reduction in
wrist flexion according to the FCU transfer was noted.

In the latter patient voluntary selective complete
extension of the index and thumb (Fig.6) was achieved
at 40 days post-operatively. No bowing of the donor
digit was evident, and no reduction in flexion and
grasping of the fingers was present.

Discussion

In our first patient the tendon gap with muscu-
lar retraction led us to choose a different motor to re-
store the lost function, and a flexor of the carpus was
transferred and prolonged with a graft. Management
of chronic lesion in extensor zone 6 to 8 may be very
challenging for the possible proximal muscular retrac-
tion and distal short and degenerate remnants that
limit the use of simple tendon grafts. With a transfer
we can assure the recovery of valid strength. Moreover,
the tightness of the sutures performed side-to-side en-
sure early mobilization with a lower risk of adhesions.

The second patient was treated with the consid-
eration that he expressed the willingness to maintain an
independent extension of the index and the thumb. The
transfer for the EIP was passed through the interosseous
membrane in order to provide a pulling vector as biome-
chanically physiological as possible. The third FDS was

preferred for the transfer instead of the fourth, because
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Figure 4: Clinical follow up with complete and excellent
function in extension and flexion of the long fingers.

it is more important for grasping. The authors excluded
(a priori) the surgical revision of the PIN to avoid any
possible further iatrogenic damage of the nerve, consid-
ering the residual preserved EDC function.

Tendon transfers are performed to restore the miss-
ing function and performance at the hand and fingers. In
selected, high demanding patients who also request fine
motor skills, the other hand the tendon transfer harvest-
ing is complicated by associated laceration, loss of tendon
substance, and level of tendon lesion such as small distal
remnants and proximal MT] level (3, 6). In tendon re-
construction, it is needed to reestablish not only tendon
continuity, but also gliding environments and surround-
ing structures. In presence of distal EDC lesion (zone
6A) the surgeon faces with challenges due to the short
distal remnants, where the suture may avoid involvement
of the extensor apparatus at the MP] and the juncturae
that allow extension by pull from adjacent mechanisms
(8). In this case the authors proposed the side-to-side
technique as escape plan (9, 10), achieving a short but
strong suture with an excellent gliding surface, which
is also useful for an early active rehabilitation program.

When MT]J is damaged at the proximal level, another

Figure 5: (A) Intra-operative features of the PL to EPL (passed
into the second compartment) and III FDS to EIP transfers,
harvested to separately address the extensors of the thumb and
index. (B) Particular of the biomechanically recommended
trans-membrane transfer of the III FDS.

motor unit is preferred. This is generally associate with
a wide lesion and extensor cadaveric tendon allografts
which are promising solutions to prolong tendon trans-
fer by using sterilized and deep-freezing graft without
decellularization. This results in outcomes comparable to
autografting and doesn’t produce an immunogenic re-
action (3-13). In presence of chronic irreparable distal
posterior interosseous nerve lesion and the more relevant
EPL function restoring in young and high demanding
patients, selective tendon transfers and the selective ex-
tension of the index separately from the rest of the fin-
gers may be utilized. The authors addressed the issue of
different transfers for each functional skill requested by
the patient (Fig.5A). Palmaris longus (PL) to EPL and
FDS of the middle finger to EIP were performed be-
cause it appeared logical to separately and address the
extensors of the thumb and index according to the pa-
tient’s desires. The authors underlined the relevance of
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Figure 6: Clinical follow up with complete and useful extension and range of motion of the thumb and

index, separately.

FDS transposition from the volar to the dorsal aspect
through the interosseous membrane (Fig.5B) in order to
provide a near to physiological, biomechanical vector of
pull (6). The authors selected the third FDS because of
the more relevant role of the flexors tendons of the ring
finger for strength during the grasping of the hand.

Tendon and nervous damages are conditions that
lend themselves to multiple surgical solutions. Many
factors related to the patient and the type and timing
of injury can reorientate different therapeutic choices,
that could differ in many details and make diflicult any
attempt for standardization. Not always, a tendon or
nervous lesion can be repaired directly. Most of the
time we must approach chronic situations or multi-
operated or traumatized sites. Tendon transfers can be
an effective solution under specific conditions.

In all cases, the post-operative rehabilitation pro-
gram is crucial for the final functional outcome, and
must provide early active assisted mobilization.

Conclusion

Tendon transfers surgery may help establishing a
finger extension both in chronic posterior interosse-
ous nerve and tendons lesions. Several procedures are

available and offer excellent outcomes, but particular
challenges are still evident and rely on the surgeon
surgical skills (14-19). In distal posterior interosse-
ous nerve lesion high demanding patients may require
selective function to restore fine motor skills, such as
autonomous index extension to push or indicate. In
the presence of soft tissue scaring (20), the nerve sur-
gical revision may have no indication in order to avoid
proximal iatrogenic nerve damaging of the preserved
wrist and EDC extension. The authors proposed selec-
tive tendon transfers to address selective extension of
thumb and index finger separately from the rest of the
fingers, highlighting the functional and biomechani-
cal advantages in FDS going through the interosseous
membrane. On the other hand, challenges are recorded
in extensor tendons loss of substance from zone 6 to
8, involving MT] proximally and short remnants dis-
tally, and in myostatic contracture in longstanding le-
sion. These both require tendon transfer and not only
tendon graft. The authors described the strength and
gliding advantages in side-to-side tendon suture and
cadaveric allografts in FCU prolonged by EHL as by-
pass tendon transfer in EDC reconstruction. Proper
postoperative care is crucial to the outcomes of the
tendon transfer. Early active, assisted by qualified
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physiotherapy rehabilitation program is mandatory
(21), and the techniques selected by the authors are
useful to achieve these programs.
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