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ABSTRACT

Background: Hand injury as an important concern for the surgeon and 
the patient requires proper and timely treatment to prevent complications 
such as infection and adhesions, and with a proper rehabilitation program, 
the patient returns to maximum function as soon as possible. We aimed to 
investigate the short-term and long-term treatment results of deep flexor 
tendon repair in in zone II. 
Methods: This retrospective study was performed on 34 patients with 45 
injured fingers in the zone II referred to Ahvaz Imam Khomeini Hospital, 
Ahvaz, Iran during 2017-2019. The results of deep flexor tendons repair in 
two groups, immediate and delayed primary repair were assessed. 
Results: The mean age of the patients was 27.76 years. There was no significant 
remarkable between male and female in the incidence of complications such 
as infection, tendon rupture and adhesions. 29.4% (n=10) had poor outcome, 
8.8% (n=3) had fair outcome, 29.4% (n=10) had good outcome and 32.4% 
(n=11) had excellent outcomes. 26.5% had adhesion and infection rate was 
11.8%. 
Conclusion: Among surgeons, there is consensus for the primary repair of 
tendon injury, but there was no significant difference between the results of 
immediate and delayed primary repair. Although physiotherapy has been 
suggested as an effective factor in improving hand function, its positive effect 
on the range of motion of the fingers has not been proven.
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INTRODUCTION

Hand needs the correct confrontation of the flexor and extensor tendons 
for its proper functioning. It is divided into 5 anatomical regions. 
Tendon injury can occur in all 5 areas, but its complications are more 
serious and risky in zone II 1-4.
Flexor tendon rupture is a common injury in hand trauma, most 
commonly seen in men in the 2nd and 3rd decades, and its prevalence 
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in industrialized countries is approximately 1 in 
7,000. About 20 to 30% of all acute flexor tendon 
injuries occur in zone II 5, 6.
Symptoms of a person with flexor tendon injury 
include inability to flex the fingers, pain in active 
flexion and localized swelling7. Both superficial and 
deep flexor tendons of hand should be examined 
separately. When examining the superficial flexor 
tendons, the other fingers should be held so that 
interphalangeal joints are extended and patient 
flexes the corresponding proximal interphalangeal 
joint. On the other hand, if the proximal 
interphalangeal joint is extended and patient can 
flex distal interphalangeal joint, the deep flexor 
tendon is intact8, 9.
Like all other hand injuries, age, sex, mechanism 
and nature of the injury are all important factors 
that influence the decision about the time and type 
of repair. The most important issue in repairing zone 
II tendon injuries is that non-surgical treatment has 
no place in this area. The mechanism of injury is 
crucial in determining the extent of contamination 
and deciding on pre- and post-surgical cares10. The 
fact that tendon repair in zone II has much poorer 
results than in other areas has been accepted by all 
surgeons11.
Surgical repair itself disrupts the biology of healing 
and cause further damage to the area, which can 
lead to scar formation and adhesions. Adhesion, as 
the most important complication of tendon repair, 
reduces tendon sliding and range of motion. Due to 
very small space and special anatomy of zone II, any 
scar formation or bulging of the repair site, causes 
adhesions and increased friction between tendon 
and the surrounding sheath12-15.
The basic principles that are always considered 
in tendon repair are high strength repair, post 
op physiotherapy protocol and improvement in 
healing mechanism with the use of various drugs. 
All primary repair procedures should be performed 
with minimal manipulation and the repair should 
be strong enough to allow early movement after 
surgery because after surgery, the joints should be 
immobile and this immobility can cause contracture 
of joints and exacerbate tendon adhesion if it is 
prolonged. Returning patient to previous functional 
level after repairing these injuries is an important 
orthopedic concern and there is an urgent need 
for patient’s cooperation and awareness. Despite 
numerous advances in repair methods, the success 

rate of treatment is still not entirely satisfactory10, 16. 
Despite all the studies on flexor tendon repair, there 
are still several complications following repair. 
Complications that can occur shortly after repair 
include infection, tendon rupture and weak tendon 
sliding. The prevalence of infection is low and the 
use of prophylactic antibiotics can be effective in 
prevention. Tendon rupture with a prevalence 
of 3 to 9% is the worst complication after surgery 
because it requires immediate surgical intervention. 
Causes of rupture are swelling at the site of repair 
and improper hand use. Active movement of injured 
finger can be effective in preventing adhesions, but 
can increase risk of rupture. Delayed complications 
are adhesions, decreased muscle strength, scar 
formation and complex regional pain syndrome17. 
We aimed to investigate the short-term and long-
term treatment results of deep flexor tendon repair 
in in zone II.

MATERIALS AND METHODS

This retrospective study was done on patients 
referred to Imam Khomeini Hospital in Ahvaz 
during the beginning of 2017 to the end of 2019. 
Patients with following conditions could enter the 
study.  The age range should be from 16 to 60 years 
old. Tendon damage in zone II should be sharp and 
patients with crushed injury were excluded.  Tendon 
injury should be repaired immediately (24 to 48 
hours after injury) or delayed (up to one week after 
injury), and patients who have repaired more than 
a week after injury, were excluded. Tendon damage 
must be repaired immediately or delayed in one-
step, and patients who require a graft were excluded.  
Among 36 cases of flexor digitorum profundus 
tendon injury in zone II, one person was excluded 
due to re-repair and one due to age out of range, and 
finally 34 patients entered the study. Patients were 
examined by an orthopedist and they completed a 
Disabilities of the Arm, Shoulder and Hand Score 
(QUICK DASH). Sessions of Physiotherapy, possible 
underlying disease and medication were asked. 
Patients were divided into two groups of immediate 
and delayed primary repair. In immediate repair, 
repair is done no later than 24 to 48 hours after 
the injury. In delayed repair, after 48 hours from 
the time of injury to a maximum of one week after 
injury, repair is done. 
The Ethical Committee of Ahvaz Jundishapur 
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University of Medical Sciences has approved this 
study (Ethics number: IR.AJUMS.HGOLESTAN.
REC.1399.29).

Statistical analysis

Statistical analysis was done by SPSS software version 
26 (IBM Corp., Armonk, NY, USA). Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to test 
for the normality of data. Central and descriptive 
statistics were reported for quantitative. Analytical 
analyzes were performed using t-test or Mann–
Whitney U test and chi square tests. P value<0.05 
was considered statistically significant. 

RESULTS 

This retrospective study was performed on 34 
patients referred to Imam Khomeini Hospital in 
Ahvaz between 2017 and 2019. All of them had a 
sharp ruptured tendon of the deep flexor muscle in 
zone II, repaired in one-step. A total of 45 injured 
fingers were examined. The mean age of patients was 
27.76± 9.54 yr, of which 27 (79.4%) were male and 
7 (20.6) were female. Nine (26.5%) were smokers 
and the rest were non-smokers. 15 patients (44.1%) 
had dominant hand injuries and 19 (55.9%) patients 
had non-dominant hand injuries. Based on the time 
of primary repair, 15 (44.1%) were immediate and 
19 (55.9%) were delayed. After surgery, 4 patients 
(11.8%) had infection at the operation site and 30 
patients (88.2%) had no infection. patients were 
asked about the number of physiotherapy sessions 
in which 50% had less than 10 sessions and 50% had 
10 or more sessions. After orthopedic examination, 
9 cases with adhesions (26.5%) were detected. 
Tendon rupture was in 3 cases (8.8%). The range 
of motion of the fingers was assessed based on the 
Strickland grading system: 10 (29.4%) were poor, 

3 (8.8%) were fair, 10 (29.4%) were good and 11 
(32.4%) were excellent. The rate of disability was 
calculated based on DASH score. The mean DASH 
score in immediate primary repair group was 17.88 
± 21.88% and in delayed primary repair group was 
14.58 ± 17.55%. Table 1 shows the comparison of 
treatment results between delayed and immediate 
repair groups.

DISCUSSION

Flexor tendon injuries are one of the most common 
hand injuries, especially in young men and at work, 
and are always a serious problem for hand surgeons. 
Treating this injury in zone II is far more serious 
and risky, and unacceptable results are more likely 
to occur13. The therapeutic results of flexor tendon 
repair are evaluated based on 3 important factors: 
the amount of active joint movement, the amount 
of rupture at repair site, the severity of defect caused 
by flexing and extending the fingers. Functional 
evaluation should be done after the rehabilitation is 
complete, and this may be delayed even up to 1 year 
after surgery16.
In a study, performed on 23 patients, the infection 
rate was 16% (3 patients)18, while in another study 
on 65 patients, the rate of infection was reported 
9%19. The infection rate in this study was 11.8%.
Out of 15 patients with immediate primary repair, 
20% and out of 19 patients of delayed primary 
repair, 5.3% (1 case) became infected, that was not 
statistically significant.
In a study conducted by Rigo et al. on 322 flexor 
tendons, smoking was mentioned as a negative 
predictor of tendon repair20. Previous studies have 
examined the effect of smoking on infection, slowing 
the healing process, and rupturing a repaired 
tendon, but this effect has never been proven20.21. 
In this study, 2 smokers (22.2%) and non-smokers 

Table 1: Comparison of treatment results between delayed and immediate repair groups
Table 1: Comparison of treatment results between delayed and immediate repair groups 

 

Time of repair 
Infection 

rate 
Adhesion 

rate 
Tendon 
tearing 

Range of motion 
DASH score 

Fair+poor Good+excellent 
Immediate  
N=15 
 

N=3 
20% 

N=3 
20% 

N=2 
13.3% 

N=4 
30.8% 

N=11 
52.4% 

Mean=17.573 
SD=21.883 

Delayed  
N=19 

N=1 
5.3% 

N=6 
31.6% 

N=1 
5.3% 

N=9 
69.2% 

N=10 
47.6% 

Mean=14.589 
SD=17.551 

P value 0.299 0.697 0.571 0.217 0.806 
N=number, SD:  Standard deviation. 
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(8%) became infected, which was not statistically 
significant (P = 0.281). Cigarettes on adhesion were 
also examined, in which 3 smokers (33.3%) and 6 
non-smokers (24%) had adhesions, which was not 
statistically significant.
In a retrospective study of 149 patients with 194 
fingers with a mean age of 33.3 ± 12.9, Siwan et 
al. reported an adhesion rate of 14.43% and no 
significant relationship was found between adhesion 
with the number of injured fingers and the sex of the 
patients22.
In the current study, the adhesion rate was 26.5% 
and no significant relationship was found between 
adhesion and patients’ sex, which is in line with 
the Civan study22. The degree of adhesion was not 
significantly related to the time of repair. The main 
goal in repairing injured tendons is to obtain the 
maximum ability of patient to use hand to perform 
daily activities23.
In Tabriz, Iran, the range of motion was assessed 
by Strickland classification, and the results were as 
follows: 78.3% excellent, 10% good, 5% moderate 
and 6.7% bad, and there was no significant difference 
between the results in men and women and in 
immediate and delayed primary repair24. The range 
of motion was excellent and good in 71% of subjects, 
moderate in 34%, and bad in 15% of individuals25.
In the present study, there was no significant 
difference in range of motion between men and 
women. Range of motion between two methods 
of immediate and delayed primary repair were not 
significant, which is similar to the study of Navali et 
al 26. The rate of tendon rupture after repair was 6% 
in the study of Spark et al27.
In this study, the rate of rupture was 8.8%. In the 
study of Spark et al., the degree of disability after 
tendon repair surgery in zone II was evaluated and 
the mean DASH score was 24.24 ± 30.56%18. 
In this study, the mean DASH score was 
19.32±15.9%. The mean DASH score was 17.57% 
in patients with immediate repair and 14.58% in 
the delayed group, but no significant difference was 
observed.  According to statistical results, immediate 
or delayed primary repair has no effect on hand 
complications. In general, the results did not differ 
between men and women.  In previous studies 20.28, 
the effect of immediate primary repair, smoking, 
infection and physiotherapy on adhesion formation 
as an important complication in the injury of zone 
II were investigated. In this study, the effect of these 

factors on forming adhesion was not proven, but the 
small number of people in the study can cause these 
results. 
Patients’ proper fallow up plays an important role 
in results especially the effect of physiotherapy on 
range of motion and adhesion. The mean age of the 
subjects in this study was 27.76 years. Due to the age 
of the patients and the absence of underlying disease, 
it was not possible to evaluate the effect of drugs 
and various diseases in this study, but according to 
previous studies, it seems that these factors can be 
influential in the results. 
In this study, a questionnaire was used to assess 
the degree of disability after tendon repair, but it is 
possible that in all patients, the questionnaire was 
not filled with the same amount of accuracy, which 
can change the results.

CONCLUSION

Among surgeons, there is consensus for the primary 
repair of tendon injury, but there was no significant 
difference between the results of immediate and 
delayed primary repair. Although physiotherapy has 
been suggested as an effective factor in improving 
hand function, its positive effect on the range of 
motion of the fingers has not been proven. For 
better results in future studies, it is recommended to 
increase the sample size and follow patients closely, 
and the best way to achieve this, is to use a clinical 
trial instead of retrospective studies.
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