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Abstract

Background: Flexor tendon damage makes up a small number of total hand injuries; but management of these injuries often poses
a surgical challenge because the results remain unpredictable despite all efforts. The results of flexor tendon repair damage of both
deep and superficial injuries, especially in zone II, despite using various methods, still remains poor.
Objectives: This study aimed to assess results of flexor digitorum profundus (FDP) repair with resection of flexor digitorum super-
ficialis (FDS) stump in a setting where both tendons are transected. Lack of human studies for FDP repair alone makes the decision
difficult.
Methods: Files of patients, who were referred to the research hospitals with flexor tendon rupture between April 2014 and April
2016 were studied. Patients, who had recent concurrent FDP and FDS rupture in zone II were included. After six months, range of
motion (ROM), pinch strength, and disabilities of the arm, shoulder and hand (DASH) score were measured.
Results: Twenty patients were studied; three were excluded due to missing follow-ups. Seventeen patients remained in the study.
Thirteen were males and four were females. Ages were between 17 and 55, with mean age of 23.7 years old. According to the DASH
score, 13 patients were placed in mild disability group (score one to seven) and four patients showed no disability (score zero).
Conclusions: The results suggest the outcomes of FDP repair alone in zone II is comparable to repairing both tendons.
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1. Background

Transection of flexor tendon accounts for less than 1%
of hand injuries (1). Terminology of “no man’s land” was
first described by Sterling Bunnel to explain zone II flexor
injuries in 1948. “No man’s land” is a location outside Lon-
don used for executions. The mentioned phrase clearly in-
dicates poor treatment outcome even in early repair (2).

One or two slip of flexor digitorum superficialis (FDS)
and flexor digitorum profundus (FDP) simultaneous re-
pair is the method of choice among hand surgeons in man-
agement of both flexor tendon injuries (3-5). Due to fibro-
osseous structure of this area, surgical treatment of zone II
injuries is often followed by disappointing results (6). Most
important complications following zone II tendon repair
are re-rupture and joint stiffness (7).

Some animal studies have recently concluded that re-
pair of FDP alone improves both gliding and adhesion for-
mation compared to the current method (8, 9). Despite
these results, tendon re-rupture is the major concern for

this repair technique (5, 6, 10). In the literature review a
few relevant clinical human studies were found. Due to the
lack of clinical human studies, FDP repair alone in setting
of zone II both tendon transactions is controversial.

2. Objectives

This study aimed at evaluating results of FDP repair
with resection of FDS stump in the setting of both tendon
transactions.

3. Methods

The current study was performed in line with the PRO-
CESS criteria. Patients with single finger (except thumb)
flexor tendon injury in zone II, all with penetrating trauma
between April 2014 and April 2016 in our hospitals, were in-
vestigated. Patients with recent FDP and FDS rupture were
included. The exclusion criteria were crushed hand injury,
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bone damages, nerve injuries, and age above 60 or below
12 years old. Patients with history of previous surgery on
the same finger and also patients with underlying diseases
that affect the hand, such as diabetes mellitus and rheuma-
toid arthritis, were excluded. All subjects were operated
within 10 days of injury.

3.1. Technique

The Bruner’s zigzag incision was employed to expose
injured tendons. The FDS proximal stump was resected (at
least 3 cm) then FDP was repaired with four strand cruci-
ate technique by use of 3/0 round prolene thread. Suture
lines were reinforced by circumferential epitenon simple
running technique using the round 6/0 prolene thread.

3.2. Rehabilitation

The post operation period was started with controlled
passive motion program with use of dorsal splint (11). Wrist
and MP joints were flexed in 30 and 70 degrees, respec-
tively, and interphalangeal joints placed in neutral posi-
tion within the first three weeks (11). Rehabilitation phase
started with passive motion of DIP and PIP joints after the
old splint was discontinued and a removable splint was ap-
plied after five weeks to prevent hyperextension. Finally, af-
ter achievement of full healing, active full range of motion
was allowed.

3.3. Follow Up

Following the surgery, all patients were visited weekly
during the first three weeks and also in the fifth week, and
second, fourth, and sixth month.

After six months range of motion (ROM), pinch
strength and disabilities of the arm, shoulder, and hand
(DASH) score was measured (12). Range of motion was
evaluated by the total active motion (TAM) system recom-
mended by the American Society for Surgery of the Hand
(ASSH) (Table 1).

Table 1. TAM Evaluation System for ASSHa

Score Percentage

Excellent Normal

Good > 75

Fair 50 - 75

Poor < 50

Worse < pre-op

Abbreviations: ASSH, American Society for Surgery of the Hand; TAM, total ac-
tive motion.
aTAM = total active flexion - total extension deficit (metacarpo-phalengeal joint,
inter-phalengeal joints), % = TAM of the injured finger/TAM of contra lateral fin-
ger.

Tip pinch strength was measured using a Saehan Hy-
draulic Hand Evaluation kit by measuring the strength be-
tween the pulp of involved finger and the pulp of thumb.

3.4. Ethics

All patients participating in the study signed a consent
letter and advantages and disadvantages of this surgical
technique were described before the surgery.

3.5. Statistical Analysis

The SPSS 22 statistical program was used.

4. Results

Twenty patients were studied yet three patients were
excluded due to missing follow-ups. Seventeen patients re-
mained in the study. Thirteen were males and four were
females. Ages were between 17 and 55, with mean age of
23.7 years. Seven patients had dominant hand injury and
for the rest, the non-dominant hand was involved.

The TAM results in 17 fingers with FDS excision and FDP
repair is shown in Table 2.

Table 2. TAM Results in 17 Patients After Six Months

TAM Result No. (%)

Excellent 3 (18)

Good 13 (76)

Fair 1 (6)

Poor -

Abbreviation: TAM, total active motion.

The average tip pinch strength as a percentage of the
contra lateral finger was 79%, measured by Saehan Hy-
draulic Hand Evaluation kit.

According to the DASH score, 13 patients were placed in
the mild disability group (score one to seven) and four pa-
tients showed no disability (score zero) (Table 3).

Table 3. DASH Score Results After Six Months

Disability Score No. (%)

Sever 15 - 21 0 (0)

Moderate 8 - 14 0 (0)

Mild 1 - 7 13 (76)

None 0 4 (24)

Abbreviation: DASH, disabilities of the arm, shoulder and hand.

There was no progress to swan neck deformities and re-
rupture in any of participating patients.
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5. Discussion

There is a long history in treatment of zone II flexor ten-
don transection, which was started by Bunnel’s “no man’s
land” that was challenged by Verdan, who made it “some
man’s land” by publishing early repair results (13).

Repair of both FDS and FDP tendons is the best way to
improve functional and clinical results (11, 14).

Repair of both tendons helps FDP tendon to glide
smoothly through tendon sheath and provides adequate
blood supply for tendon healing (15). Complications, such
as adhesion formation and re-rupture, can be limited with
meticulous exposure, repair of the sheath, and atraumatic
tendon stitching (16, 17).

Despite these progresses in surgical techniques, repair
or resect of FDS in both tendon tear is still controversial
(18).

Lister et al. reported that 75% of patients with both ten-
don repairs in no man’s land attained excellent or good re-
sults according to the TAM system, while those with FDS ex-
cision showed only 42.9% excellent or good results (19).

In a study coordinated by Nielsen and Jensen better re-
sults with both tendons repair versus isolated FDP repair
with resection of FDS were achieved (20).

Tsuge et al. excised the FDS when it was damaged com-
pletely, giving excellent or good results in 24 out 34 pa-
tients, using the White’s criteria (21).

In another study designed by Tang et al. comparing
both tendons repair and FDP isolated repair in zone II, re-
sults were not significantly different (22).

In the study of 17 fingers with FDS excision, TAM re-
sults were excellent in three fingers (18%), good in 13 fin-
gers (76%), and fair in one finger (6%). Tip pinch strength
and DASH score is comparable to previous studies with
both tendons repair technique. Denize et al. reported that
when both tendons are repaired, TAM is excellent in 4%,
good in 68%, fair in 23%, and poor in 5% of patients. Tip
pinch strength improved by 76% compared to the unin-
jured hand. The DASH score was reported as 76% mild dis-
ability and 24% no disability, similar to the current study
(23).

It seems that in addition to motion, tip pinch is also
an important factor in hand function that researchers have
paid less attention to. According to acceptable outcomes in
treatment of both tendon rupture in zone II with FDP alone
repair, it seems that further studies should focus on design-
ing randomized clinical trials (RCT) to compare results of
these two techniques and clarify the controversy.

5.1. Conclusions

The current results suggest that FDP alone repair tech-
nique in zone II is comparable with both tendons repair

method in benefits and complications, yet further studies,
such as RCTs on patients, are needed to determine the su-
perior surgical technique.

Footnotes
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