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Background: Laceration of the hand extensor tendons is common in the upper 
extremities, causing soft tissue trauma. These tendons, because of their superficial 
location and lying adjacent to bones, have a greater tendency to be injured than flexor 
tendons.
Objectives: The aim of this study was to determine the results of primary repairs of 
lacerated extensor tendons of the fingers, with respect to the zone of injury, and also 
whether the results are different according to the anatomical zone in which they occur.
Patients and Methods: During a period of two years and four months, 32 patients 
with open wounds and lacerated extensor tendons of the hand were hospitalized and 
underwent surgery. Repairs were done by a modified Kessler technique using 0 - 4 nylon 
suture. After repairing, the wrist was splinted for four weeks. Patients were followed-up 
for 12 months and the results were evaluated according to the Miller’s scoring system.
Results: A total of 72 extensor tendons were repaired. The mean age of the patients was 
24.6 years. The best results were obtained in zones 3 and 5 (84% and 88% respectively), and 
the worst results were seen in zones 1, 2 and 4, P = 0.01. Wound infections or re-ruptures 
were not seen.
Conclusions: Repair of extensor tendon cuts on the dorsal surface of the hand and 
forearm were associated with better results in zones 3 and 5 than in zones 1, 2 and 4. 
Repair by the modified Kessler suture method provides proper stability at the site of the 
tendon cut.

Published by Kowsar, 2012. cc 3.0.

 Implication for health policy/practice/research/medical education:
This study is useful for orthopedic education and the proper management of tendon injuries of the hand, as this type of injury is 
quite common.
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1. Introduction
Extensor tendons of the hand, because of their super-

ficial location, adjacency to bones, and less protection, 
have a greater tendency to injury than the flexor tendons. 
(1, 2). Although these tendons have easy surgical access, it 

is difficult to maintain their length and normal function 
(especially in the dorsum of the hand and fingers which 
have their own anatomic complexity, therefore, restora-
tion of their length and gliding movements after repair 
is very important. Koul reported that single-stage repair 



Arch Trauma Res. 2012;1(3)132

Mehdinasab SA et al. Results of primary extensor tendon repair

of complex extensor tendon injuries can reduce morbid-
ity and helps early functional outcomes (3). Miller’s scor-
ing system to evaluate tendons (4) showed that; lacera-
tion severity, location of the injury, surgical technique, 
accompanying trauma, physiotherapy and the patient’s 
cooperation, were important factors in the outcome 
of these repairs. Of these factors, the location of the in-
jury and post-operative immobilization are the two most 
important factors. Due to concomitant trauma such as; 
hand fracture, extensor tendon lacerations at the proxi-
mal interphalyngeal joint and proximal phalanx levels, 
these have the worst prognosis, and this was shown in Ev-
ans’ study (5). Saldana and Hung recommended dynamic 
braces and controlled motions to reduce the injury that 
follows operation immobilization, which had better re-
sults than static braces (6, 7). Newport and Purcell had 
good results from static splints after the operation (8, 9). 
The maximum power and minimum shortening of the 
tendons are two important goals in a repair. Cuts, open 
wounds from sharp objects such as; glass, knives, occu-
pational insults, open fractures and blunt trauma, are 
the main causes of tendon injuries. Limitations in the ac-
tive and passive movements of fingers, adhesion forma-
tion and finger deformities, which lead to dysfunction 
of pinch and grasp motions of hands, are mentioned as 
the most common complications of tendon lacerations 
(8, 10, 11).

2. Objectives
There are few studies concerning tendon repairs, which 

forced us to evaluate the primary repair of these tendons.

3. Patients and Methods
This descriptive-prospective study was conducted in 

two referral university hospitals from 2004 till 2008. The 
study was approved by the Ethics Committee of Ahvaz 
Jundishapur University. Patients with open wounds and 
cuts in the dorsum of the hand or forearm, who had one 
or more lacerated tendons, were included in the study, 
while the exclusion criteria was; concomitant hand frac-
ture. Thirty-eight patients were admitted and treatment 
was started. For all of the patients the probable compli-
cations were explained and informed consent was ob-
tained. Patients were admitted by individual arrival or 
brought to our emergency ward by emergency medical 
services. No previous repair had been done for those pa-
tients. Six patients were excluded because they did not 
participate in follow-up. The study was composed of 32 
patients, and a total of 72 tendons were repaired. Mean 
age of the patients was 26.7 years (14 - 46), SD = 9.2. Re-
pairs were carried out in the operating room under gen-
eral anesthesia in 29 patients and a double tourniquet in 
three patients using a modified Kessler suture by 0 - 4 and 
continuous running suture with 0 - 5 nylon. Nineteen of 

our patients were referred on the first day of injury, while 
13 others came on the second to fourth days. Primary 
repairs were done for all patients. Following repairs in 
zones 3, 4, and 5, a volar splint was applied with the wrist 
at 40º and metacarpophalangeal joints in 15º of flexion. 
For immobilization in zones 1 and 2, the proximal inter-
phalyngeal joint and distal interphalyngeal joints of the 
fingers were fixed by splints at extension. The patients 
were encouraged to move their fingers. The splint was 
removed at four weeks, then more daily activities were 
permitted, but a simple removable splint was applied 
during the night for two further weeks. Patients were re-
ferred for 30 visits of physiotherapy. Mean time of follow-
up was 12 months (4 - 17). We used the Miller’s scoring 
system to evaluate the results which were divided into 
four groups; excellent, good, moderate and bad, accord-
ing to decreased active extension (Lag) in the proximal 
interphalyngeal joint and metacarpophalyngeal joints of 
the hand and decreased flexion of these joints (Table 1). 
Descriptive statistics were employed and statistical data 
was presented in the form of frequency and percentages. 
Also, data were analyzed using SPSS software (IBM Corpo-
ration, USA) version 13 software, and a difference of 0.05 
was considered as significant.

4. Results 
In total, 32 patients (29 males and 3 females) with ages 

17 to 46 years (mean age 26.4 years SD = 9.2) were treated 
and followed up. Right and left hands were involved in 
18 and 14 patients, respectively. A total of 73 tendons were 
repaired. Zones 5 (36%) and 3 (34.7%) were the most com-
mon location of laceration, and zones 1 and 4 were the 
least common site of injury (Table 2). Complete laceration 
of the extensor retinaculum was seen in four patients, 
and some parts of it were repaired. According to the 
Miller scoring system, patients who had no limitations 
in their hand finger joints were classified as excellent. 
This class was seen in 53.8% of patients in zone 5 and 40% 
in zones 1 and 3. When active extension and flexion mo-
tions of fingers were at 45º< or more, they were classified 
as bad results. Lacerations in zone 4 (42.8%) and zone 2 
(22.2%) had the worst results. Zone 5 (88.4%) and zone 3 
(84%) had good and excellent results. We had moderate 
and bad results in rerupture of zones 1, 2 and 4 (P < 0.01). 
There were no infections or re-ruptures at the repair site.

Total Extensor Lag 
(Degree)

Total Flexor Loss 
(Degree)

Excellent 0 0

Good 10 ≥ 20 ≥

Fair 11 - 45 21 - 45

Bad > 45 > 45

Table 1. Miller Classification for Extensor Tendon Injuries



Arch Trauma Res. 2012;1(3) 133

Mehdinasab SA et al.Results of primary extensor tendon repair

5. Discussion 
It is believed that lacerations of hand extensor tendons 

have better results than flexor tendons. Lovett showed 
that ruptured tendons in the dorsum of the hand at zones 
1, 2 and 3 can be treated by dynamic and static splints (12). 
In a recent study, under similar conditions, the results of 
the repair depended on the location or zone of the lacera-
tion. Dargan et al. showed that two thirds of extensor ten-
don primary repairs had good and excellent results (13). 
In another study by Newport et al. 110 extensor tendons 
were repaired and 52% had good to excellent results. They 
stated that acceptable results were greater in proximal 
zones 5 – 8 (according to the Werden scoring system) than 
in distal zones, while other zone results were similar (14). 
Hung et al. showed that lacerations in the dorsum of the 
fingers produced bad results (7). The study showed that 
better results occurred in zones 3 and 5, which is prob-
ably due to a lack of direct involvement of the hood ex-
tensor and requires a simpler repair. Tendon repair in the 
dorsum of the fingerscan lead to tendon shortening and 
adhesion formation, because it is a thin and superficial 
tendon, and has more adjacency to periosteum and skin.  
It is important to mention that gliding movements of the 
extensor tendons over the proximal phalanx is about 2-3 
mm and its complete motion along its course is 50 mm, 
in comparison to deep flexor tendons, which have about 
70 mm of gliding movement during flexion and exten-
sion of the finger. Consequently, extensor tendon repair 
is more vulnerable to creating scar tissue and shortening, 
than the flexor tendon, and this point may lead to lim-
iting motion in the injured finger (5). In our study, the 
worse results in zones 1 and 2 were probably related to 
the complexity of the extensor anatomy and/or tendon 
shortening. We allowed active finger mobilization on 
the first day of surgery in the splint, and no tendon adhe-
sion was seen, furthermore, no patient needed tenolysis. 
Good to excellent results in zone 4 were less than those 
in zone 5. Five patients had a complete laceration of the 
retinaculum and two patients had a partial laceration. As 
extensor tendons have a synovial lining just under the 
wrist retinaculum, trauma to this area and opening of 
the retinaculum for direct visualization and repair, can 
result in less gliding movement and a bowstring effect 
of the tendons. According to the time of post-operative 

immobilization, some authors suggest further support 
with a splint during the night for two weeks after splint 
removal. Nowadays, most authors recommend dynamic 
and controlled motion of the fingers from the first day 
of the operation, and they have shown good to excellent 
results with this method when tendon repairs have been 
carried out in zones 3 and higher (9). Although Watt and 
Purcell had good and acceptable results in all zones (in 
particular zone 1 and 2), they found that patients who 
were unable to fully comply can follow the static immo-
bilization method after an operation (1, 15-17). We applied 
static volar splints after tendon repair and allowed early 
motion of the fingers as the patient could tolerate the 
pain. A modified Kessler method using 0 - 4 nylon was 
used reinforced with peripheral 0 - 5 monofilament run-
ning sutures. As there was no rupture of the tendon after 
repair, it seemed that this method is strong enough for 
repairing the extensor tendon. 

In brief we found that:
1. We had more good and excellent tendon results in 

zones 3 and 5 (than in the other zones) which were similar 
to other studies, in particular with the Newport report.

2. Bad results in zones 1 and 2 may be due to less normal 
movement of the tendons at these sites or a shortening 
of the extensor tendons after repair, which leads to limi-
tation of motion in the distal interphalyngeal joint and 
proximal interphalyngeal joints.

3. Repair of tendons under the wrist retinaculum can 
lead to a greater number of unsatisfactory results, be-
cause of injury in the extensor compartments or a bow-
string effect of the repaired tendons.

4. The modified Kessler method, reinforced by periph-
eral running sutures, was strong enough to allow early 
postoperative motions of the fingers in the splint.

Acknowledgments
We wish to thank the Research Deputy of the Ahvaz 

Jundishapur University of Medical Sciences for their fi-
nancial support of this research.

Authors’ Contribution
All the authors have been conducted the patient man-

agement and cooperated for data collection Dr. Pipelza-

No of Tendon, No. (%) Excellent, No. (%) Good, No. (%) Fair, No. (%) Bad, No. (%)

Zone

1 5 (6.9) 2 (40) 0 1 (20) 2 (40)

2 9 (15.5) 3 (33.3) 2 (22.2) 2 (22.2) 2 (22.2)

3 25 (34.7) 10 (40) 11 (44) 3 (12) 1 (4)

4 7 (9.7) 1 (14.2) 2 (28.5) 1 (14.2) 3 (42.8)

5 26 (36) 14 (53.8) 9 (34.6) 2 (7.6) 1 (3.9)

Table 2. Results of Tendon Repair According the Miller Classification a

a In zones 3 and 5 the rate of excellent and good results were greater than in zones 1, 2 and 4 P > 0.01



Arch Trauma Res. 2012;1(3)134

Mehdinasab SA et al. Results of primary extensor tendon repair

deh Dr. Pipelzadeh has also contributed to writing the 
paper.

Financial Disclosure
No conflict of interest is present with regard to this article.

Funding/Support
The financial support offered by the Research Deputy of 

the Ahvaz Jundishapur University of Medical Sciences.

References
1. Watts AC, Hooper G. Extensor Tendon Injuries in the Hand. Cur-

rent Orthopaed. 2004;18(6):477-83.
2. Carl HD, Forst R, Schaller P. Results of primary extensor tendon 

repair in relation to the zone of injury and pre-operative out-
come estimation. Arch Orthop Trauma Surg. 2007;127(2):115-9.

3. Koul AR, Patil RK, Philip V. Complex extensor tendon injuries: 
early active motion following single-stage reconstruction. J Hand 
Surg Eur Vol. 2008;33(6):753-9.

4. Miller H. Repair of severed tendons of the hand and wrist: Statis-
tical analysis of 300 cases. Surg GynecolObstet. 1942;75:693-8.

5. Evans RB, Thompson DE. An Analysis of Factors That Support 
Early Active Short Arc Motion of the Repaired Central Slip. J Hand 
Ther. 1992;5(4):187-201.

6. Saldana MJ, Choban S, Westerbeck P, Schacherer TG. Results of 
acute zone III extensor tendon injuries treated with dynamic ex-

tension splinting. J Hand Surg Am. 1991;16(6):1145-50.
7. Hung LK, Chan A, Chang J, Tsang A, Leung PC. Early controlled ac-

tive mobilization with dynamic splintage for treatment of exten-
sor tendon injuries. J Hand Surg Am. 1990;15(2):251-7.

8. Newport ML, Blair WF, Steyers CM, Jr. Long-term results of exten-
sor tendon repair. J Hand Surg Am. 1990;15(6):961-6.

9. Chow JA, Dovelle S, Thomes LJ, Ho PK, Saldana J. A comparison 
of results of extensor tendon repair followed by early con-
trolled mobilisation versus static immobilisation. J Hand Surg Br. 
1989;14(1):18-20.

10. Newport ML, Tucker RL. New perspectives on extensor ten-
don repair and implications for rehabilitation. J Hand Ther. 
2005;18(2):175-81.

11. Woo SH, Tsai TM, Kleinert HE, Chew WY, Voor MJ. A biomechanical 
comparison of four extensor tendon repair techniques in zone 
IV. Plast Reconstr Surg. 2005;115(6):1674-81. discussion 82-3.

12. Lovett WL, McCalla MA. Management and rehabilitation of ex-
tensor tendon injuries. Orthop Clin North Am. 1983;14(4):811-26.

13. Dargan EL. Management of extensor tendon injuries of the hand. 
Surg Gynecol Obstet. 1969;128(6):1269-73.

14. Newport ML. Extensor Tendon Injuries in the Hand. J Am Acad Or-
thop Surg. 1997;5(2):59-66.

15. Beaty JH, Canale ST. Flexor and extensor tendon injuries in. In: 
Pillip E, Wright II, editors. Campbell’s Operative Orthopaedics E-
Book: 4-Volume Set. Elsevier Health Sciences; 2007.

16. Allieu Y, Ascencio G, Gomis R, Teisser J, Rouzaud J. Controlled mo-
bilization of extensor tendon lacerations: study of 120 cases. Rev 
Chir Orthop. 1984;70:68-73.

17. Purcell T, Eadie PA, Murugan S, O’Donnell M, Lawless M. 
Static splinting of extensor tendon repairs. J Hand Surg Br. 
2000;25(2):180-2.


	Untitled



