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Introduction:
Th e hand and wrist are very important for in-
dependently performing the activities of daily 
life.1 Acute tendon injuries to hand are com-
mon. Th ose involving the dominant hand are 
responsible for long-term disability if they are 
not properly managed.2 In hand surgery, man-
agement of fl exor tendons is one of the most 
demanding tasks. Functional outcomes are still 
somewhat unreliable despite major improve-
ments in surgical technique and postoperative 
rehabilitation protocols.3 It requires strict adher-
ence to the basic surgical principles along with 
a sound knowledge of the anatomy and a well-
planned postoperative program.4

Based on anatomic factors, there are fi ve fl exor 
tendon zones in hand which infl uence the prog-
nosis of their repair.5 Early primary repair of fl ex-

or tendon injury combined with an eff ective re-
habilitation are important for successful results 
during the postoperative period.1 

Th e goals of fl exor tendon repair are to limit ex-
trinsic scarring while at the same time promot-
ing intrinsic tendon healing so as to optimize 
tendon gliding and range of motions.6 Various 
techniques have been described for the repair of 
fl exor tendon injuries but the most commonly 
used is modifi ed Kessler’s technique.4 Flexor 
tendon repair involves primary repair of the ten-
don using modifi ed Kessler’s technique. Th is is 
followed by Kleinert dynamic traction for 05 
weeks postoperatively.4 Following repair, there 
is scar formation at the repair site resulting in 
tendon becoming quickly adherent to the sur-
rounding tissue. Th us it cannot glide as needed 
to perform active motion. If the fl exor tendon 
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is allowed to glide immediately aft er repair to 
prevent adhesion, there is increased risk of ten-
don rupture.7 Complications aft er fl exor ten-
don repair include adhesion formation, tendon 
rupture, joint contracture, triggering and ten-
don bowstringing.6 Overall complication rate is 
15-34%. Tendon rupture occurs in 11.5%.8 It is 
most common between 7th-10th postoperative 
days.

Th e aim of study is to determine the frequency 
of tendon rupture in primary repair of fl exor ten-
dons of hand using modifi ed Kessler’s technique 
with Kleinert protocol. Th e results of this study 
will give us local statistics about the tendon rup-
ture aft er modifi ed Kessler’s technique and the 
rationale of the study is that if the frequency of 
tendon rupture comes out signifi cantly higher 
than the other national and international stud-
ies, then it will help to reconsider the recom-
mendations in the operative technique of fl exor 
tendon repair.

Material and methods:
Th is study was conducted in Plastic Surgery 
Unit, Hayatabad Medical Complex Peshawar 
and Orthopaedic and Trauma unit, Khyber 
Teaching Hospital Peshawar from April 2011 to 
March 2012. In this study patients with fl exor 
tendon injury at hand were subjected to prima-
ry tendon repair within 24 hours of sustaining 
injury. Aft er approval from the Medical Ethics 
Committ ee 157 patients with fl exor tendon in-
jury of hand of any gender were enrolled from 
Casualty Department and referral from other 
departments. Patients less than 12 years old or 
having Concomitant bone fractures diagnosed 
radiologically were excluded from the study. 
Th e exclusion criteria was strictly followed to 
exclude confounders and bias in the results.

An informed consent was taken aft er explaining 
the study protocol. Aft er detailed clinical history 
and physical examination, all the patients with 
fl exor tendon injury at hand were subjected to 
primary tendon repair within 24 hours of sus-
taining injury by plastic and reconstructive 
surgeons or orthopaedic surgeons(with at least 
5 years post-fellowship experience in fl exor 

tendon repair). Th e original wound can be ex-
tended in a zigzag fashion if needed. Modifi ed 
Kessler’s technique was used for core suturing 
of the tendon using 4-0 braided nylon suture. 
Th e epitenon was repaired in a running fashion 
using 6-0 braided nylon suture. Aft er closure of 
the wound, a dorsal splint was given (Plaster of 
Paris splint applied on the dorsum of the hand 
from the lower forearm up to the distal inter-
phalangeal joints to block the extension of the 
wrist, metacarpo-phalangeal and interphalan-
geal joints) and hand immobilized for 01 week. 
At the end of fi rst week, Kleinert protocol of 
dynamic traction was initiated. Th is involves 
an early motion program as part of rehabilita-
tion of fl exor tendons using active extension and 
rubber-band passive fl exion. Th is protocol is fol-
lowed for up to 06 weeks. Results of fl exor ten-
don repair was assessed regularly aft er Kleinert 
protocol on follow-ups at 02, 04, 06 weeks and 
fl exor tendon rupture was recorded.

Th e details were recorded in a specialized Pro-
forma and analyzed with the Statistical Package 
for Social Sciences (SPSS version 17). Frequen-
cies and percentages were computed to present 
all categorical data like fl exor tendon rupture 
and gender and numerical data i.e. age was pre-
sented by Mean + S.D. Th e patients with post 
operative fl exor tendon rupture were stratifi ed 
among the age, gender fl exor tendon zone to see 
the eff ect modifi ers. All the results were present-
ed in the form of tables.

Results:
A total of 157 patients with fl exor tendon injury 
at hand undergoing primary tendon repair were 
included. Th e mean age of the patients was 33 
± 1.26 years with majority of patients (43%) in 
age range of 20-30years (Table 1). 137 (87%) 
patients were male and 20 (13%) patients were 
female.

Amongst 157 patients, 97 (62%) patients had 
injury of Flexor Digitorum Supercialis while 60 
(38%) patients had Flexor Digitorum Profundus 
injury. Flexor tendons injury in diff erent zone 
was analyzed which showed 4% patients were in 
fl exor tendons zone 1, 7% in fl exor tendons zone 
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2, 20% in fl exor tendons zone 3, 27% in fl exor 
tendons zone 4, and 42% in fl exor tendons zone 
5 (Table 2). 16 patients had post tendon repair 
rupture as shown in Table 3. 

Among 16 patients who had post tendon re-
pair rupture, 8 patients were in age group 20-30 
years, 7 patients were in age group 31-40 years 
and one patient was in age group 41-50 year 
(Table 4). 14 of these patients were male and 2 
were female patient. 9 patients had rupture of 
fl exor digitorum superfi cialis and 7 patients had 
fl exor digitorum profundus rupture aft er tendon 
repair.

Association of post tendon repair rupture with 
fl exor tendons zone was analyzed as among 16 
patients who had post tendon repair rupture, 3 

patients had tendon repair rupture in fl exor ten-
don zone 3, 6 patients had tendon repair rupture 
in fl exor tendon zone 4 and 7 patients had tendon 
repair rupture in fl exor tendon zone 5. (Table 5)

Discussion:
Early mobilization following repair of fl exor 
tendons accelerates healing and prevents for-
mation of adhesions. Th e tensile strength of a 
fl exor repaired tendon is at its weakest aft er ap-
proximately one week, and most ruptures occur 
during the fi rst 3 weeks following the proce-
dure.9 Th erefore, it is recommended that such a 
tendon should be protected by application of a 
Kleinert splint for 3 weeks. A combined regimen 
of controlled motion was used. It incorporates 
active extension against rubber band/ passive 
fl exion with therapist-assisted passive extension 
and passive fl exion.10 Excellent or good range of 
movement (according to the Buck-Gramcko II 
criteria) was achieved by 15 of the 16 patients, 
which was comparable to the results of another 
study.11 One patient with 4 fi ngers and 6 tendons 
completely severed demonstrated poor compli-
ance with the rehabilitation protocol and had a 
poor outcome. 

In our study post tendon repair tendon rupture 
was found in 10% patients among which 8 pa-
tients were in age group 20-30 years, 7 patients 
were in age group 31-40 years and one patient 
was in age group 41-50 year. Similarly 14 patients 
were male and 2 patients were female. 9 patients 
had fl exor digitorum supercials and 7 patients 
had fl exor digitorum profundus rupture. More 
over 3 patients had tendon repair rupture in fl ex-
or tendon zone 3, 6 patients had tendon repair 
rupture in fl exor tendon zone 4 and 7 patients 
had tendon repair rupture in fl exor tendon zone 
5. Similar results were observed in another study 
done by Davis TRC et al12 in which post tendon 
repair tendon was found in 15% patients among 
which 10 patients were in age group 20-30 years, 
5 patients were in age group 31-40 years. Simi-
larly 14 patients were male and 9 patients were 
female. 

In another study done by Sounders FE et al13 the 
frequency of post tendon repair tendon rupture 

Table 1: Age distribution (n=157)
Age Distribution Frequency Percentage
20-30 years 68 43%

31-40 years 58 37%

41-50 years 25 16%

51-60 years 6 4%

Total 157 100%

Table 2: Flexor tendon zone (n=157)
Flexor Tendons Zone Frequency Percentage
Zone 1 6 4%

Zone 2 11 7%

Zone 3 32 20%

Zone 4 42 27%

Zone 5 66 42%

Total 157 100%

Table 3: Post tendon repair rupture (n=157)
Post tendon repair 
rupture Frequency Percentage
Yes 16 10%

No 141 90%

Total 157 100%

Table 4: Association of post tendon repair rupture with age distribution (n=157)
Post tendon 
repair rupture

20-30 
years

31-40 
years

41-50 
years

51-60 
years Total

Yes 8 7 1 16

No 60 51 24 6 141

Total 68 58 25 6 157
Chi square test was applied in which P Value was 0.000
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was 12% in which 5 patients had fl exor digito-
rum supercials and 7 patients had fl exor digi-
torum profundus rupture. Th ree patients had 
tendon repair rupture in fl exor tendon zone 3, 
8 patients had tendon repair rupture in fl exor 
tendon zone 4 and 5 patients had tendon repair 
rupture in fl exor tendon zone 5. In his study the 
mean rehabilitation period was 130 days. Th e 
mean rehabilitation periods for the 7 injury-
on-duty patients and 9 non–injury-on-duty pa-
tients were 127 and 132 days, respectively; the 
diff erence was not signifi cant. Th e rehabilitation 
protocol provided an objective assessment of 
the range of movement and grip strength and 
helped minimize sick leave. 

Activities of daily living were not measured in 
the present study. No patient reported any spe-
cifi c problems and all patients returned to work. 
Rupture rates of 3% to 15% have been report-
ed following primary repair in zone 2.13 Th is is 
comparable with the rate of 10% in this study. 

Conclusion:
Two strands of modifi ed Kessler core suture to 
repair fl exor tendon injury followed by active 

fi nger extension/passive fl exion by rubber band 
traction of a Kleinert splint results in a low rup-
ture rate and achieves good functional outcome 
of the hand.
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