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ABSTRACT

Previously, delayed tendon grafting was the
policy in zone II injuries (no man's land). In the
last 50 years, reversal of this policy started and
recognition that results after primary, or delayed
primary repair (within a few days of tendon injury)
are likely to be better than delayed tendon grafting
[2].

Background: Obtaining good functional outcome after
flexor tendon repair in zone II in the hand has always become
a challenge due to being crowded by the FDP and the two
slips of the FDS within a tight fibrossoeus tunnel. This
increases the possibility of postoperative adhesions. So,
methods of primary flexor tendon repair are continuously
being modified till now.
Methods: This study was conducted on 24 patients (30
digits) with primary tendon grafting was done using palmaris
tendon. Tendon graft interposition was done for FDP and FPL
tendons distally, in zone I and proximally, in zone III and
zone V (respectively) bypassing zone II. FDS cut ends were
repaired in situ in zone II. Modified Kleinert technique was
chosen for rehabilitation and Adjusted Strickland system for
evaluation of total active movement. Follow-up of range of
motion was extended for up to six months.

The goals of surgical treatment of a lacerated
intra-synovial flexor tendon have remained constant; accurate coaptation of the tendon ends that
encourages tendon gliding, inhibits the formation
of peri-tendinous adhesions, allows for primary
healing of the repair site, and finally restores normal
range of motion to the finger [3,4].

Results: Results described recovery of motion in 93.3%
of cases. Excellent to good results occurred in 66.6% at 12
weeks postoperatively and increased up to 70% at 6 months
postoperatively. Complications incidence was 19.2% in the
form of tendon rupture (6.7%) and superficial wound infection
(12.5%).

The management of zone II flexor tendon injuries is a highly debatable topic. This zone has a
fibro-osseous digital canal where the tendons of
Flexor Digitorum Superficialis (FDS) and Flexor
Digitorum Profundus (FDP) interweave in a complex manner. The multiple pulleys increase its
complexity because minimal swelling of the epitenon can impair free gliding of the tendon [4].

Conclusions: Results of this study revealed that primary
flexor tendon grafting could be a competitive approach for
flexor tendon injuries in zone II.
Clinical Question/Level of Evidence: Therapeutic, II.

Tendon grafts have been used to achieve a
functional result, usually in the face of a biologically unfavorable zone II injury with crushing or
scarring. The concept of tendon graft is to traverse
through the zone of injury with a relatively normal
tendon surface, minimizing adhesion formation
and transferring the site of repairs from biologically
unfavorable zone for gliding to more favorable
ones [6].

Keywords: Flexor tendons – Primary repair – Zone II –
Tendon grafting.

INTRODUCTION
Flexor tendon injuries are a challenging problem
for hand surgeons due to three main reasons. Firstly,
they cannot heal without surgical treatment. Secondly, postoperative management needs to be carefully planned. As early mobilization has been
shown to be essential to prevent adhesions and
improve gliding but this carries the risk of early
tendon rupture. Lastly, due to its unique anatomy,
surgeons need to plan to prevent the increased
bulkiness of the tendon after repair which is not
always possible as this may affect the functional
outcome of the repair [1].

In this preliminary study, we proposed a new
method of management of flexor tendon injuries
in zone II by using primary tendon grafting. This
was assumed to enhance healing and decrease
adhesions through bypassing the complex anatomy
of zone II.
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PATIENTS AND METHODS
Ethics:
Ethics approval was obtained from the Institutional Review Board (IRB). Informed consents
were obtained from all patients after explanation
of the whole procedure and possible complications.
Patient selection:
This prospective study was conducted in Plastic
and Reconstructive Surgery Unit, Zagazig University Hospitals from January, 2015 to December
2015; 24 patients (30 digits) with acute flexor
tendon injuries in zone II were enrolled in this
study and underwent flexor tendon repair using
primary flexor tendon grafting.
Inclusion criteria were; (1) Age above 15 years
old, (2) Acute injury of FDP and FDS tendons in
zone II and (3) Interference was done within the
1st 48 hours of injury. Exclusion criteria were; (1)
age <15 years old, (2) Fingers with fractures, (3)
Fingers with neurovascular injuries and (4) Patients
with joint disorders e.g. rheumatoid arthritis.
All patients were initially seen at the emergency
room; detailed history, general and local examination for the injured hand and assessment for the
availability of donor tendons were carried out.
Routine basic investigations were done and surgical
chemoprophylaxis was done using one gram of
Cefotaxime sodium IV one hour preoperatively.Surgical technique:
All operations were done in the ED (Emergency
Department) and using a 4X magnifying loupe.
After application of a pneumatic tourniquet, prepping and draping, wound extension was made
through either the mid-lateral (Bunnell) incision
or zigzag (Bruner) incision (Photo 1).

Debridement and irrigation and then wound
exploration were done. Retrieval of both distal and
proximal stumps of the cut ends of the tendons
was done in the usual way. Once delivered into
the wound they were secured by passing a 25gauge needle into their core. Suturing the cut ends
of the FDS tendon in situ (zone II) using 4-stranded
modified Kessler repair or transverse mattress
sutures if the injury was near the insertion (as the
tendon becomes flat). For FDP and FPL tendons,
trimming of the lacerated or crushed ends yielded
shortening and transfer of the repair zone to zone
I distally and zone III (in case of FDP) and zone
V (in case of FPL) proximally.
At this point, the wound was covered with a
moist dressing till harvesting of the graft was done.
Palmaris longus tendon was obtained in all patients
Photo (2).

Photo (2): Intraoperative photo demonstrating dissection and
harvesting of palmaris longus tendon.

Repair was started by suturing one end of the
graft to the distal stump of FDP tendon using 4stranded modified Kessler repair at zone I Photo
(3). Then we anchored the tendon graft to a pediatric
Nelaton catheter, of size 10 F, to aid in gaining
passage of the graft through the flexor sheath. The
catheter was pushed from distal to proximal through
the sheath and Camper's chiasma Photo (4). Then,
the proximal end of the injured tendon was sutured
to the graft using 4-stranded modified Kessler
repair.
The appropriate length and tension of the graft
was achieved using the normal hand cascade as a
guide Photo (5). Gliding of the FDS and the tendon
graft within the flexor sheath and pulleys was
carefully tested throughout the range of motion.
A simple running peripheral epitenon suture was
added using 6/0 Prolene. Skin closure was done
using simple interrupted 4-0 Prolene or Silk sutures.

Photo (1): Intraoperative photo showing; repair of FDP of
little finger in Zone I with injury of both FDP and
FDS in Zone II and loss of the normal fingers
cascade before intervention.

Postoperative splinting:
An immediate dorsal blocking splint that extends beyond the fingertips was applied while the
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patient was still under anesthesia Photo (6). This
was designed to maintain wrist flexion in 40 degrees
and Metacarpo-Phalangeal Joint (MCPJ) flexion
in 50 degrees with Inter-Phalangeal Joints (IPJ) in
neutral position. The elastic band is detached at
night and the fingers are strapped into extension
within the splint to minimize the risk of flexion
contractures of the fingers. In case of severance
of FPL, a dorsal thumb-slab was applied with the
wrist also in 40 degrees of flexion.
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Photo (6): Static splint used immediately postoperatively.

Photo (3): Intraoperative photos demonstrate distal repair of
tendon graft in zone I.

Photo (7)

Photo (4): Intraoperative photo demonstrating usage of catheter
to aid the passage of the tendon graft through the
flexor sheath.

Photo (8)
Photos (7,8): Functional recovery after 6 months of postoperative physio-therapy with good finger flexion

Photo (5): After completion of the procedure and restoration
of the normal hand cascade.

Postoperative rehabilitation program:
Modified Kleinert rehabilitation protocol was
used as follow [7]:
1- During the first 3 weeks postoperatively, the
wrist was maintained in a thermoplastic splint.
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The main goal was the complete active extension
of the fingers as soon as possible, with an
additional flexion of the MCPJ of the injured
finger. Patients performed ten active IPJ extension exercises each hour; this involved placing
a pad on the dorsum of the proximal phalanx
to act as a fulcrum for full extension.
2- In the following 3 weeks a neoprene cast for
the forearm with rubber bands for passive finger
flexion was customized by the occupational
therapists. During the night, the hand was still
splinted as in phase one device. Encourage
hourly exercises ten repetitions of passive digital
flexion. Gradual active flexion is started at this
time.
3- During the next 6 weeks, rehabilitation continues
with night splinting only. Active mobilization
was increased to enhance tendon activity. During
this period, the patient was warned about any
propulsive movements.
4- Return to professional activity was usually
allowed after 3 months postoperatively to allow
for maximum recovery.
Follow-up of patients:
Patients were seen weekly in the first month,
every 2 weeks during the second and third months,
and once every month until the 6th month. In each
visit patients were evaluated for both active and
passive ROM, using the standard Goniometer.
ROM in the digit was classified according to Adjusted Strickland Classification System [10] (Table
1). Assessment and early detection of complications
as tendon rupture, finger contracture, wound infection or complex regional pain syndrome were also
done.

Patient demographics:
Figures given in Table (2) revealed the sociodemographic characters of patients in our study
that indicated the predominance of injury in adolescent males who lived in urban areas and whose
right hand was the dominant hand (87.5%). The
mean age was 27 years old with male: Female ratio
of 11:1. Regarding the occupation, we found that
most of patients were manual and industrial workers
and most of them were smokers (66.7%) and not
highly educated (87.5%) Table (3). Causes of injury
and surgery related details are listed in Tables (4,5).
In most of cases, the injury was due to sharp object
(75%) and operative intervention was done in less
than 12 hours in 91.7% of patients.
The overall final results were evaluated according to Strickland Evaluation System (Table 6).
Overall recovery of range of motion was 93.3%.
Excellent to good results account for 66.6% (excellent in 23.3% and good in 43.3%) at 12 weeks
postoperatively. This was increased to 70% (excellent in 33.3% and good in 36.7%) at 6 month
postoperatively.
Positive correlation was found between good
to excellent results of this method of repair and
middle aged, non-manual workers, highly educated,
non-smokers, right handedness, sharp injury, single
digit injury and early interference (Tables 7,8).
Meanwhile, incidence of complications was minimal (19.2%) in the form of tendon rupture (6.7%)
and superficial wound infection (12.5 %) (Table
9).
Table (2): Socio-demographic characters of the studied cases.
Total cases
(n=24)

Variable

p
N

%

Age group:
Adolescent age (12-19 years old)
Young adult (20-40 years old)
Middle age (41-60 years old)

16
4
4

66.7
16.7
16.7

Sex:
Male
Female

22
2

91.7
8.3

<0.001**

Marital status:
Unmarried
Married

10
14

41.7
58.3

0.41
NS

Residence:
Rural
Urban

6
18

25
75

0.01*

Dominant hand:
Right
Left

21
3

87.5
12.5

<0.001**

Table (1): Adjusted Strickland's classification system [10].
Adjusted
Strickland %

Excellent
Good
Fair
Poor

(Active flexion PIP + DIP) –
(extension deficit PIP + DIP)
––––––––––––––––––––––––––– X 100%
175º
75-100
50-74
24-49
0-24

RESULTS
This study included 24 patients with 30 digits
injured. Four patients had more than one digit
injured. Three patients had FPL injury and the
remaining digits has both FDP and FDS tendon
injured (total of 57 tendons injured).

*: Statistically significant.

0.002**

**: Statistically highly significant.

Egypt, J. Plast. Reconstr. Surg., January 2017

91

Table (3): Occupation and education level and smoking among
the studied cases.

Table (6): Correlation between the socioeconomic data and
the study outcome.

Total cases (n=24)
Variable
Occupation:
• Office and home work
• Manual and industrial work
Education:
• Intermediate or less than intermediate education
• High education

N

%

2
22

8.3
91.7

<0.001**

21

87.5

<0.001**

3

Smoking:
• Non-smoker
• Smoker
*: Statistically significant.

Variable

12.5

8
16

33.3
66.7

0.41
NS

**: Statistically highly significant.

Total cases
(n=24)
N

p

%

Causes:
Sharp
Blunt or crush

18
6

75
25

Causes in details:
Blunt or crush
Saw
Stab
Glass
Knife

6
1
1
6
10

25
4.2
4.2
25
41.6

Etiology of injury:
Accident
Violence

6
18

25
75

0.01*

–

10
14

No. of involved fingers:
Single
Double
Triple

41.7
58.3

20
2
2

83.3
8.3
8.3

Variable

Strickland
grades:
Poor
Fair
Good
Excellent

Total fingers
(n=30) after
12 weeks

N

%

N

%

5
5
13
7

16.7
16.7
43.3
23.3

4
5
11
10

13.3
16.7
36.7
33.3

Test

6.46

0.04*

N

4

55.6

2

9.5

5

44.4

13

61.9

0

0

6

28.6

Sex:
Male
Female

8
1

88.9
11.1

20
1

95.2
4.8

0.41

0.52NS

Marital status:
Unmarried
Married

4
5

44.4
55.6

8
13

38.1
61.9

0.11

0.74NS

0

0

2

9.5

6.67

0.04*

9

100

19

90.5

9

100

18

85.7

Age group:
Adolescent age
(12-19 years old)
Young adult
(20-40 years old)
Middle age
(41-60 years old)

Education:
Intermediate or
less than
Intermediate
education
High education

%

10.10 0.006**
0

0

3

14.3

Smoking:
Non-smoker
Smoker

0
9

0
100

10
11

47.6
52.4

6.43

0.01*

Dominant hand:
Right
Left

9
0

100
0

18
3

85.7
14.3

9.8

0.01*

0.01*

0.41
NS

0.03*

p

MC
<0.001**
5.23

p

Table (7): Correlation between injury-related data and study
outcome.

Table (5): Functional outcome after 6 weeks and 12 weeks
postoperatively.
Total fingers
(n=30) after
6 weeks

χ2

%

Variable
Hand:
Right
Left

Good or
excellent
(n=21)

N

Occupation:
Non manual or
office work
Industrial or
manual work

Table (4): Causes of injury among the studied cases.

Variable

Fair or
poor
(n=9)

p

Fair or
poor
(n=9)

Good or
excellent
(n=21)

χ2

p

N

%

N

%

Cause:
Sharp
Blunt or crush

4
5

44.4
55.6

20
1

95.2
4.8

5.49

0.02*

Involved hand:
Right
Left

4
5

44.4
55.6

8
13

38.1
61.9

0.11

0.75NS

No. of involved
fingers:
Single
Double
Triple

2
3
4

22.2
33.3
44.4

18
1
2

85.7
4.8
9.5

11.51

0.003**

Time interval
between injury
and interference:
<6 hours
6-12
>12-24 hours

0
5
4

5
55.6
44.4

6
11
4

28.6
52.4
19

4.11

0.04*

Digit:
Thumb
Index
Middle
Ring
Little

2
1
1
3
2

22.2
11.1
11.1
33.3
22.2

1
5
3
6
6

4.8
23.8
14.3
28.6
28.6

2.62

0.62NS
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Table (8): Complication of this work.
Complications

N

%

A- Mortality
B- Morbidity
1- Tendon rupture
2- Superficial wound infection
3- Deep wound infection
4- Tourniquet related complications
5- Flexion contracture

0

0

2
3
0
0
0

6.7
12.5
0
0
0

Table (9): Comparison of the incidence of complications in
different studies [5,11-15].
Study

Number
of cases

This study

30 digits

Overall
Types of
incidence of
complications
complications
19.2%

- Rupture
- Superficial
wound infection

(Galanakis et al., 2003) 22 digits

10%

- Wound infection
- Ruptures

(Hung et al., 2005)

28 digits

7.1%

- Rupture

(Su et al., 2006):
Control group

51 digits

28%

34 digits

10%

- Wound infection
- Ruptures
- Wound infection

(Bal et al., 2011)

78 digits

4.1%

- Rupture

(Farzad et al., 2014)

64 digits

0%

- None

Teno fix

DISCUSSION
Flexor tendon injuries still remain a challenging
condition to manage between hand surgeons to
obtain the best functional outcome [1]. It is undisputed nowadays that primary or even delayed
primary treatment of acute tendon transection is
the best method of treatment. In zone II, where
both FDS and FDP tendons passes through the
flexor tendon sheath, 1ry repair of both was almost
complicated by adhesions and flexion contracture
hence the term “no man's land” [12].
In this study, we adopted the use of primary
tendon grafting to reconstruct FDP and FPL injuries
in Zone II. This allowed us to transfer the repair
area from Zone II to Zones I and III. The idea was
to avoid the over crowdedness in Zone II by the
suture material in front of a tight of A2 pulley. In
all patients we used the palmaris longus tendon as
a tendon graft. After a follow-up period of 6 months,
this novel technique yielded an accepted ROM in
70% of patients (excellent in 33.3% and good in
36.7%).
Being a novel method of tendon repair, comparison will go with methods of primary or delayed
primary tendon repairs that are commonly prac-

ticed. Our results seem to be better than that of
(Bal et al., 2011) who reported excellent to good
results in only 52% of cases (excellent in 4%, good
48%) and also the results of [12] who reported
excellent to good results in 49% of cases (excellent
in 22%, good 27%).
Meanwhile, nearly similar results to this study
was published by (Su et al., 2006) who reported
good to excellent results in 71% of cases (excellent
in 30%, good 41%) and also (Farzad et al., 2014)
who reported excellent to good results in 77% of
cases (excellent in 45%, good 32%).
On the other hand, in an older report by
Galanakis et al., [15] reported better results; 91%
excellent to good results and 9% fair to poor results.
Of course in this case, comparison of our results
with other reports isn't accurate. Many confounding
factors affect the final outcome. For instance,
differences in patient compliance with the rehabilitation protocol and differences in the rehabilitation
regimens themselves are main causes of variation
of the results. Also, differences in the methods of
evaluation of functional recovery are also considered as a confounding factor by many authors.
The incidence of complications in this study
was 19.2%. Table (9) shows a comparison of the
overall incidence of complications reported in
similar studies in literature. The incidence of complications of this new method is quite reasonable.
In this preliminary study, assessment of the
outcome of primary tendon grafting as a new method of primary repair of flexor tendon injuries in
Zone II with the use of primary tendon grafting
yielded encouraging results that is more or less
comparable to the known conventional methods
of repair. So, we believe that this method can be
added to the armamentarium of flexor tendon repair
in zone II with the main aim of transmitting the
site of repair to Zones I and III. This will avoid
the overcrowded Zone II and decreases the postoperative adhesions in this narrow area. Further
studies are needed to evaluate this method more
comprehensively on a bigger group of patients and
for, may be, a longer time of postoperative followup with unification of the method of tendon suturing
and postoperative evaluation.
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