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Secondary repair of flexor tendon injuries
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A B S T R A C T

Tendon adhesions or even secondary ruptures causing severe hand functional impairment still represent

a frequent complication after repair of flexor tendon injuries. Secondary treatment of these problems

includes tenolysis, one or two stages flexor tendons reconstruction by grafts or even the use of tendon

prosthesis. The mechanism and severity of injury, the status of the surrounding tissues and injured

finger, the presence of associated lesions, the age of the patient, post-operative management, patient

motivation and the surgeon’s skill, may all have implications in the final outcome of the tendon

reconstruction. A correct evaluation of the problem by means of classifications such as the one described

by Boyes, may help the surgeon in choosing the appropriate technique.
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Introduction

Secondary repair of flexor tendon injuries is one of the most
challenging procedures in common clinical practice for hand
surgeons. The primary reconstruction of an active functional flexor
tendon system may be difficult, and despite the efforts of ongoing
clinical and basic scientific research to improve surgical technique
of primary flexor tendon repair, poor results can be observed due to
extensive scar formation and tendon adhesion particularly in
severe hand trauma.1,2

Several factors may influence prognosis in flexor tendon repair
including patient-related conditions, as well as the specific
characteristics of the trauma. Patient’s age and associated
pathologies also appear to influence the potential of biological
repair. Patient’s motivation and rehabilitation compliance always
play a fundamental role in the final clinical result. As for the type of
trauma, the extent and mechanism of injury may negatively
influence the functional recovery, particularly when the trauma
involves bone and soft tissues including vascular and nerves
structures leading to extensive scarring. Finally, the site of the
tendon lesion is a key prognostic factor. Injuries located in the so-
called no man’s land have worst results compared with those
which have occurred outside the flexor sheath.3

As a general rule, secondary reconstruction of flexor tendon
function should be managed in a staged approach. When faced
with a nonfunctional flexor tendon system, tenolysis can be
selected as the first surgical option when the tendon and pulley
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integrity is intact. One stage or two-stage tendon grafts are
indicated when the integrity of flexor tendon is compromised and
depending on whether the scarring in the palmar side of the hand
or digit is minimal or extensive. Active tendon implants (prosthe-
ses) may represent an effective alternative option in patients with
a poor prognosis, as well as whenever classical techniques fail.

Currently, the indications for flexor tendon function restoration
are mainly represented by failure of primary repair and complex
lesions according to the classification of flexor tendon injuries
described by Boyes.4,5 This classification, which should be always
taken into account in the management of such injuries, identifies
five degrees of flexor tendon problems:

Grade 1. Minimal scarring
Grade 2. Deep scarring due to injury or prior surgery or infection;

loss of motion due to the scar rather than joint injury
Grade 3. Combined injury to the joint resulting in loss of motion
Grade 4. Combined injury to digital nerves
Grade 5. Multiple combined problems involving multiple digits,

including one or more of the above categories

Secondary repair of flexor tendons

Secondary repair of flexor tendon injuries includes four main
surgical options: (1) tenolysis; (2) one stage flexor tendon
reconstruction; (3) two-stage flexor tendon reconstruction; and
(4) tendon prostheses.

Tenolysis

Flexor tenolysis is indicated after flexor tendon repair or
grafting when digital flexion is significantly reduced due to
formation of adhesions in a bed of scar tissue, which restricts
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tendon gliding and limits the active range of motion. Before
planning tenolysis the patient should be well motivated and ready
to follow a prolonged and strict hand rehabilitation programme.
Moreover the patient should be informed about surgical technique,
expected results and possible pitfalls and complications of this
complex procedure. Ideally a wide discrepancy between active and
passive range of digital motion should be observed at preoperative
clinical examination. Wounds and bone fractures should be healed
and joint contractures treated preoperatively in order to reach a
near normal passive range of motion before surgical treatment.6 In
regards to the timing of procedure, there should be an interval of
3–6 months after the primary tendon repair and tendon graft,
respectively before tenolysis is attempted and the soft tissues and
scars should be stable.7 A wide Bruner incision along the digital
and palmar ray is useful in order to obtain a complete exposure of
flexor tendons and pulleys. The adherent structures can be
released from tendons under direct visualisation preserving, when
possible, the complete pulley system. A cautious use of sharp
instruments and blunt dissection allows release of any scar tissue.
An independent and wide active motion of superficialis and
profundus flexor digitorum tendons is expected in optimal
conditions after tenolysis. Nevertheless, in some instances the
decision to perform the tenolysis can be changed intraoperatively.
When flexor tendons appear to be extensively damaged with wide
scar tissue a staged reconstruction with a prosthetic tendon
implant may be performed.8 When profundus and superficialis
flexor tendon are firmly adherent without the possibility of
adequate release, particularly after repair in zone II, a single mobile
tendon system may be preferred, with sacrifice of the superficialis.

Many authors propose the use of barrier systems to reduce the
secondary adhesion of the tendon due to scar formation. The
attempt to perform ex novo reconstruction of the tendon gliding
apparatus by using island or free gliding flaps has generally given
unsatisfactory results.9 Therefore, attempts have been made to
identify anti-adhesion devices that function as reabsorbable
barriers when implanted at the surgery site. We were involved
in a recent randomised, controlled clinical trial demonstrating that
tendons adhesions may be significantly reduced after tenolysis in
zone II by means of application of a hyaluronan-based gel
(Hyaloglide) along tendon surface after release of tourniquet.10

The study showed that the gel was well tolerated and suggested
that adhesions were reduced in the early stages of healing process
with clinical benefits of Hyaloglide with respect to surgery and
rehabilitation alone.

After surgery the rehabilitation programme should be custom-
made according to intraoperative findings. If possible, early active
and passive mobilisation should be initiated in order to avoid
adhesions. However, every condition that may potentially injure in
this early phase either the tendon and/or pulley integrity has to be
taken into account during the planning and execution of the
rehabilitation programme, which should be prolonged at least for
4–6 weeks after tenolysis. Pain and oedema control are essential in
order to reduce scar formation and to promote early recovery of
hand function. Bandages or other protection should be used for
about 3 months in cases with pulley weakness, as determined
during surgical procedure or after pulley reconstruction.11

One stage flexor tendon reconstruction

Historically, one of the first experiments on flexor tendon
reconstruction with the use of grafts was described in 1910 by
Lange, where he strengthened the transplanted tendon with
strands of silk impregnated with paraffin. Lange’s method did not
have favourable results, because of development of post-operative
adhesions.12 Flexor tendon reconstruction in one or two stages is
indicated in patients with loss of substance of the flexor tendon,
secondary ruptures, old lesions, adhesed tendons and in cases with
deep scarring due to complex hand trauma and prior surgery. In a
single-stage reconstruction, the injured portion of tendon is
removed and immediately replaced with appropriately free tendon
grafts.

The indications for one stage tendon graft reconstruction are7:
(1) poor prior tendon repair or tendon substance loss with non-
extensive scar and adhesions; (2) full or nearly full passive range of
motion; (3) no vascular lesion and at least one digital nerve intact;
(4) good compliance; and (5) correct surgical technique.

A single stage reconstruction is an optimal form of treatment
only for Boyes grade 1. However, this condition is rarely observed
in delayed tendon lesions. Donor tendons can be chosen from a
variety of sources, but there is some disagreement as to which
donor tendon should be chosen. It is important to have similar size
between donor and recipient site. The two most commonly used
tendons are the ipsilateral palmaris longus tendon, which is
available in about 85% of the patients, or the plantaris tendon.
Other tendons that may be considered as a graft include the
extensor digitorum longus of the toes, extensor indicis proprius or
extensor digiti quinti.

A Bruner zigzag palmar incision is usually preferred, as it allows
the surgeon to identify and protect the neurovascular bundles.
Dissection is performed from normal to pathological areas, as it
provides the best identification of the sheaths and of the digital
canal, so that all the scar tissue can be carefully excised. Both the
sheath and the pulleys must be completely preserved. The graft is
then introduced in the digital bed underneath the pulleys. It is
sutured proximally to the flexor tendon by a termino-terminal
suture (Bunnel, Kessler or Pulvertaft) and distally fixed to the bone
at the insertion of flexor digitorum profundus. The tension of the
graft should always be carefully evaluated before fixation, by
placing the wrist in neutral position and observing the posture of
adjacent digits. Final clinical results may be optimal, only when
this technique is applied with the correct indications, a careful
surgical procedure is performed and a controlled postoperative
rehabilitation protocol is used.

Another technique for a single stage reconstruction has been
described by Guimberteau et al. with the use of a vascularised
tendon graft.13 One flexor digitorum superficialis (FDS) tendon is
transferred as pedicled or free revascularised graft based on a
vascular branch of the ulnar vessels. When transferred as free graft,
the ulnar artery is reconstructed with an end-to-end anastomosis
and the free flap is connected to the superficial palmar arch. The
functional result is satisfactory in the majority of operated
patients, as reported by the authors in 71 cases with long-term
follow-up.

Two stage flexor tendon reconstruction

In 1936, Carl Henze and Leo Mayer reported a novel technique
for the restoration of the digital sheath with the use of celloidin
tubes in order to provide a gliding surface and to furnish a
physiological guidance pathway for the transplanted tendon.14,15

In 1963 Bassett and Carroll16 reported the reconstruction of
severely damaged flexor tendons with a biocompatible, flexible
and strong silicone-rod implant replaced some months later by a
tendon graft. The technique of two-stage tendon grafting was
subsequently modified in 1965 by Hunter and applied in clinical
practice with good results reported in long-term follow-up.8,17–19

In 1969 Paneva-Holevitch described the use of flexor superficialis
digitorum as a graft in a two-stage procedure.20,21 Subsequently, a
combination of the Hunter and Paneva-Holevich techniques using
a silicone rod and the graft from the superficialis was studied both
experimentally and clinically in order to improve the results in
fingers with pre-operative stiffness or extensive scarring.22–24 Two



Fig. 1. Brunelli tendon prostheses.
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stage flexor tendon reconstruction is indicated when inadequacy of
soft tissue, sheaths and pulley system is observed and when joint,
digital nerves and combined finger injuries occurred in patients
scored grade 2–5 according to Boyes.

Technically, the first stage includes reconstruction of the pulley
and sheath system, and the placement of the silicone rod as a
temporary implant in the tendon bed. This is followed by a strict
rehabilitation protocol to restore digital flexion before secondary
reconstruction 3–6 months afterwards. The placement of the
silicone rods leads to the development of a pseudosheath around
the implant. This allows for the replacement of the silicone implant
with a tendon graft in a functional bed that prevents scar formation
and soft tissue adhesions.16 The pulleys should be carefully
evaluated and prepared in order to receive the graft. When the
pulleys are intact they can be dilated to allow tendon graft gliding.
In cases with complete damage, the pulleys can be repaired,
reconstructed and tensioned using standard surgical techniques.
The ideal graft for the second stage of the reconstruction should
have an intrasynovial lining on the tendon gliding side.5 Donor
tendons are similar to those described for single stage reconstruc-
tions. In the second stage the tendon graft is fixed to the distal end
of the previously implanted rod and pulled proximally through the
pseudosheath. Then the implant is removed and discarded and the
tendon graft is finally sutured to the proximal intact flexor stump
with correct tensioning, as reported in the single stage flexor
reconstruction. Distally, the tendon is fixed with a pullout through
the distal phalanx.

There are numerous clinical studies reporting the results of
two-stage flexor tendon reconstruction. Wehbe et al.19 pre-
sented their long-term experience in a wide series of 136
patients. The authors reported that the mean total active motion
of fingers was 1768 and the mean grip strength was 79% of
normal and noted that three months after tendon reconstruc-
tion, the results reached a plateau and no significant change
occurred thereafter. In the same period Amadio et al.,25

described the outcome of 117 fingers in 89 patients that
undergone the staged reconstruction. The reported results were
good or excellent in 54% of patients, but only 19% had final total
active motion greater than 1808. Recently, further retrospective
studies confirmed the favourable results reported in the 80s
with two-stage flexor tendon reconstruction. With a mean
follow-up of 9 years, Finsen reviewed 43 patients and reported
15 excellent, 6 good, 9 fair and 12 poor results and noted that
most of patients were satisfied with the final clinical outcome.26

A clinical series of 61 patients with 106 flexor tendon injuries
were analysed by Sun in a retrospective study.27 The patients
underwent flexor tendon reconstruction in zone II using
silicone rods according to the Hunter’s technique and the
evaluation was based on total active motion. The clinical
outcome was good to excellent in 84%, fair in 12% and poor
in 4% of patients.

All these studies agree that flexor tendon reconstruction is
indicated in motivated and fully informed patients. Complications
during two-stage flexor tendon reconstruction are frequent, but do
not necessarily discourage surgical procedure. Complications can
be distinguished according to the stage of reconstruction. Rod
buckling, rupture of the distal end of the rod, rod migration,
synovitis around the implant and infection may be observed
during first surgical stage. Grafts juncture rupture, loose graft,
bowstringing, and flexion deformity of PIP or DIP joint may occur
during second stage. Finally, adhesions of the graft may prevent a
successful recovery of digital motion and may require tenolysis. In
each phase of staged flexor tendon reconstruction and during
postoperative rehabilitation period these complications may
severely compromise the final clinical result. The most common
complications are represented by flexion contractures, which
occur in 41% of fingers, rupture of tendon graft in 4–14%, infection
in 4–15%, amputation in 4% and reflex sympathetic dystrophy 1% of
the patients.28,29

Tendon prostheses

Inconsistent results of flexor tendon surgery stimulated
surgeons to consider the possibility of tendon reconstruction with
tendon implants as an alternative method in finger function
salvage.1,2 Further experiments on animals were conducted to
develop artificial tendon prosthesis available for replacing injured
flexor tendons, such as braided tantalum wire 30 and woven Teflon
‘‘grafts’’,31 but they did not prove to be useful due to a lack of
biological inertia, as well as their excessive rigidity and their
mechanical inefficiency.

From clinical point of view, active tendon prostheses have the
same indication of two-stage flexor tendon reconstruction,
including complicated flexor tendon injuries with scarring, loss
of motion, poor surrounding soft tissues, sheaths and pulley
system injuries such as in stages 2–5 of Boyes’ classification.
Theoretically, active tendon prostheses may offer many advan-
tages compared with passive silicon rods or classic two stage
procedures. They allow for early active mobilisation, stimulate
formation of a pseudosynovial sheath, while preserving the
pulleys. The possibility for secondary tendon graft in cases with
problem is suggested. When the device is well tolerated, they can
be left in for a long period.

Hunter developed a synthetic tendon prosthesis, which could
be used as a permanent active implant.32 The prosthesis allowed an
early active motion and an eventual second stage reconstruction
by means of the formation of an appropriate pseudosynovial
sheath and pulleys preservation. The Hunter implant was made of
a silicone rubber with a Dacron core, terminating in a loop
proximally and a metal plate distally. The silicone outer layer of the
prosthesis promotes gliding and the incorporation of collagen at
the tendon-Dacron interface provides motion and strength.
According to the author, clinical results were favourable with an
improvement in total active motion averaging 728 in 45 active
tendon implants with a complication rate of 11%.33

Despite early promising results, the Hunter tendon prosthesis
showed several long term complications including fingertip
swelling, due to the attachment to the distal phalanx, detachment
of the distal juncture with proximal prostheses migration, failure
of the proximal suture, adhesions at the proximal end of the newly
formed sheath, flexion contracture, synovitis and infection, rupture
of the tendon and frequent need to replace the implant with a
tendon graft.11–34 These observations and the research on
improved biomaterials contributed to the development of new
models of tendon implants.
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In 1979 Brunelli created a prosthesis that could be used both as
a permanent active tendon implant, as well as a temporary device
in order to induce the formation of a gliding sheath keeping motor
muscle functioning.35 The Brunelli tendon prosthesis has a
conceptual difference from other models, which entails the ‘‘in-
growth’’ of bone and tendon tissue inside the holes of the
prosthesis in order to obtain an improved anatomical and
biological fixation. This tendon prosthesis is made by a silicon
outer layer, which contains a polyamide ribbon core with an
elliptic section. The mini-titanium distal end plate allows firm
bone attachment by means of screws inserted through 4 holes with
408 angle direction. The proximal end is formed by an extension of
Fig. 2. (a) Pre-operative view of a 25 year old man with tendon adhesions and poor soft 

managed with standard flexor tendon suture. (b and c) Surgical technique: the implan

radiograph: distal end fixation with micro-screw. (e and f) The post-operative results w
the inner polyamidic ribbon, without the silicone rubber layers.
The polyamidic ribbon has 3 holes in order to allow for the passage
of suture and to stabilise the prosthesis within the split ends of the
proximal tendon stump (i.e. ‘‘sandwich’’ or ‘‘fish mouth’’ configu-
ration) at the level of the muscolo-tendinous junction (Fig. 1).

Our clinical experience with Brunelli’s tendon prosthesis is
limited to a series of 13 patients (10 men and 3 women) ranging
from 19 to 61 years of age (mean, 41 years). The patients presented
with flexor tendon injuries located in the ‘‘no-man’s land’’ zone; all
patients had a failed previous surgery (Table 1). They were
controlled at 2.5 years mean follow-up. Clinical results according
to the Strickland scoring system36 for the evaluation of the total
tissue bed, as a result of a circular saw injury that was primarily revascularised and

t is passed under the pulleys and fixed proximally and distally. (d) Post-operative

ere excellent.



Table 1
Patients’ previous interventions.

1st intervention Complications 2nd intervention Complications

Primary suture (13) Mechanical rupture (4) Secondary suture (3) inveterate

rupture, no surgery (1)

Tendon adhesion (3) bad soft tissue conditions (1)

Tendon adhesion (9) Flexor tenolysis (9) Tendon adhesion (5) mechanical rupture (3) infection (1)

Table 2
Results according QuickDASH evaluation system.

Patient Age Tendon Associated lesions Complications Strickland Dash

1 61 FPD Neurovascular compromise Poor 13.6

2 19 FPD Amputation of ring finger Excellent 4.5

3 33 FPD Good 11.3

4 50 FPL Sub amputation Fair 16

5 43 FPD Neurovascular compromise Poor 48

6 38 FPD Rupture of Proximale suture Fair 27.3

7 52 FPD Sub amputation Infection Poor 49

8 32 FPL Excellent 5

9 47 FPD Fair 18

10 39 FPD Excellent 6

11 45 FPL Sub amputation Poor 19

12 29 FPD Good 15

13 50 FPD Neurovascular compromise Delayed wound healing Fair 21
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active motion were classified as excellent in 3 cases, good in 2, fair
in 4 and poor in the remaining 4 cases. The outcome was also
evaluated by means of Quick-DASH (Table 2). Excellent and good
results were always seen in young people under the age of 40 years
(Fig. 2). We observed complications in 3 cases represented by 1
delayed wound healing, 1 rupture of the proximal suture (treated
by substitution of the prosthesis with tendon graft) and 1 deep
postoperative infection (treated by removal of the prosthesis and
no further tendon reconstruction).

Discussion

Tendon adhesions causing severe functional impairment still
represent a frequent complication after surgery or trauma of the
flexor tendons in the hand. Adhesions of the flexor tendons,
causing impairment of motion, occur mainly after surgeries such as
tendon repair by suture, tendon grafts or after finger fractures. This
complication causes severe functional deficit especially in zone II
due to the peculiar anatomical conditions of this area. A century of
research has demonstrated that the most satisfactory approach to
the solution of tendon adhesions consists in preventing them by
means of an appropriate surgical technique with a robust suture
whilst causing minimal trauma combined with an early mobilisa-
tion protocol. This therapeutic strategy in the last decades
improved the outcomes after flexor tendon surgery but has not
completely solved the problem of adhesions. The restoration of the
flexor tendon gliding function after tendon repair in zone II still
remains, therefore, important in hand surgery in which postoper-
ative adhesions or secondary ruptures are a major cause of failure.

A correct evaluation of the problem by means of classification
system, such as the one described by Boyes, may help the surgeon
in choosing the most appropriate technique. Tenolysis can be
selected as first surgical option when tendon and pulley integrity is
intact in a nonfunctional flexor tendon system. One stage or two-
stage tendon grafts are indicated when the integrity of flexor
tendon is compromised; depending on whether scarring in the
palmar side of the hand or digit is minimal or extensive. Active
tendon implants (prostheses) represent an effective alternative for
the hand surgeon in reconstructive flexor tendon surgery, and is
indicated for patients with a poor prognosis and whenever the
classical techniques fail. The mechanism and severity of injury, the
status of the bed graft, the presence and types of associated lesions,
the age of the patient, the post-operative management regimen,
the patient’s motivation and the surgeon’s skill all have implica-
tions in the final outcome of the tendon reconstruction.

Conclusion

Tendon adhesions causing severe functional impairment still
represent a frequent complication after surgery or trauma of the
flexor tendons in the hand. Secondary treatment of these problems
includes tenolysis, one or two stages flexor tendons reconstruction
by grafts or even the use of tendon prosthesis. A correct evaluation
of the flexor tendon with the use of classifications such as the one
described by Boyes, assists the surgeon in selecting an appropriate
means of management.
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