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Abstract. [Purpose] The primary aim of this study was to assess rehabilitation outcomes for early and two-stage 
repair of hand flexor tendon injuries. The secondary purpose of this study was to compare the findings between 
treatment groups. [Subjects and Methods] Twenty-three patients were included in this study. Early repair (n=14) and 
two-stage repair (n=9) groups were included in a rehabilitation program that used hand splints. This retrospective 
evaluated patients according to their demographic characteristics, including age, gender, injured hand, dominant 
hand, cause of injury, zone of injury, number of affected fingers, and accompanying injuries. Pain, range of motion, 
and grip strength were evaluated using a visual analog scale, goniometer, and dynamometer, respectively. [Results] 
Both groups showed significant improvements in pain and finger flexion after treatment compared with baseline 
measurements. However, no significant differences were observed between the two treatment groups. Similar re-
sults were obtained for grip strength and pinch grip, whereas gross grip was better in the early tendon repair group. 
[Conclusion] Early and two-stage reconstruction of patients with flexor tendon injuries can be performed with 
similarly favorable responses and effective rehabilitation programs.
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INTRODUCTION

With its wide functional capability, the hand plays an important role in independent daily living and in communication 
with the environment. As the most mobile part of the upper extremity, the hand is actively used in everyday life and profes-
sional fields1–4). Due to functional losses, hand injuries frequently result in disability and workforce losses. Approximately 
20–24% of traumatic injuries treated by emergency services are hand and wrist injuries5, 6). Among these, flexor tendon 
injuries are the most common7, 8). Delayed surgical repair can lead to increased chance of infection, tendon rupture, adhesion, 
and scarring, and delayed rehabilitation after tendon injuries can negatively affect functional status. Previous studies have 
shown that early surgical repairs following tendon injuries, early mobilization techniques, and comprehensive rehabilitation 
applications may increase the functional independence of patients with hand injuries9–11). The current study assessed the 
results of a rehabilitation program for patients with flexor tendon injuries who underwent early tendon repair or two-stage 
(silicon bar and free tendon graft) tendon repair, and compared the rehabilitation results between these two groups.
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SUBJECTS AND METHODS

Data from nine patients with flexor tendon injury who underwent repair with a two-stage tendon graft operation and 14 
patients who underwent early tendon repair were obtained from our hand rehabilitation unit. Patients with zone II–III flexor 
tendon injuries were included in the study. Data on patient, age, gender, profession, etiology, injured hand, dominant hand, 
affected finger, number of cut tendons and zones, date of the event, repair type, postoperative admission time, and complica-
tions in the follow-up period were collected. The injury zones and repair types for the tendons that underwent repair were 
classified according to criteria from the International Federation of Hand Surgery.

The rehabilitation protocol for each patient was determined based on the patient’s age, socio-economic status, treatment 
adherence, examination findings, and postoperative period. While patients were wearing a splint, edema, pain, infection, 
adhesions, scar formation, tendon rupture and joint contractures were evaluated at an outpatient clinic twice weekly. The 
presence and severity of pain in patients were determined using a visual analog scale (VAS) (0=no pain, 10=the most severe 
pain). After the sutures were removed two weeks after surgery, deep friction massage was started with the splint to prevent 
scar formation. Additionally, patients with edema underwent decongestive massage and Coban bandages. A silicon layer and 
elastic bandage was used for patients who failed to show sufficient improvement with deep friction massage and who had 
dense scar tissue.

In patients who underwent early tendon repair, an early passive mobilization protocol was performed for all zones. In 
patients who underwent tendon repair, an early controlled passive motion protocol was performed in the dorsal protective 
dynamic splint beginning in the first week after the second operation. Apart from passive flexion exercises with the metacar-
pophalangeal (MCP), proximal interphalangeal (PIP), and distal interphalangeal (DIP) joints, which included 10 repetitions 
three times daily, active extension against rubber band resistance was recommended 10 times per hour for patients in a dorsal-
blocking dynamic splint. These exercises were discontinued in the sixth week following the operation. Extension exercises, 
with the fingers in a fist and extended to a neutral position, were also performed 10 times daily for 3 weeks. Tendon-gliding 
exercises were started in both groups in postoperative week four. Starting in the eighth week, light resistance and strengthen-
ing exercises were added to the treatment program. Remedial bracing was used in patients with flexion deformities. Physical 
and occupational therapy were performed on patients with restricted joint motion. The fingertip-distal palmar crease distance 
and the active and passive range of motion (ROM) for the MCP, PIP, and DIP joints were measured for all patients. ROM 
was evaluated by placing a standard finger goniometer on the dorsal surface of the joint. These data were evaluated using the 
Buck-Gramcko evaluation system (BGES) (Tables 1 and 2).

All patients were evaluated before treatment (first visit), in postoperative week 8 (second visit), and after the treatment 
program (postoperative week 12 / third visit). Only the BGES and VAS results were evaluated in the first and second visits, 
whereas grip strength and both fine and gross grip were evaluated in the third visit. Grip strength was measured using a 
Jamar hand dynamometer. Measurements were made with the patients in sitting position, with the elbow flexed at 90° and 
the forearm resting on the table in a neutral position. Patients were asked to perform a maximal and robust voluntarily grip 
three times in row with the injured hand. The average of the measured values was converted to kilograms (kg). Gross and 
fine grip were evaluated for the injured hand in threes categories (none 0, poor 1, acceptable 2). All patients in the two-stage 
tendon repair group were monitored and treated at the clinic before each of the two operations. After confirming that ROM 
was maintained in the fingers of the nine patients who underwent surgery, the second phase of the operation (tendon-grafting 
operation) was performed. Ethical approval for the study was received from the ethical committee of the Kocaeli University 

Table 1.  Buck-Gramcko score (BGS) and thumb function classification

Interphalangeal joint Extension loss Overall movement
50–70˚ 6 points 0–10˚ 3 points ≥40˚ 6 points
30–49˚ 4 points 11–20˚ 2 points 30–39˚ 4 points
10–29˚ 2 points 21–30˚ 1 point 20–29˚ 2 points
<10˚ 0 point >30˚ 0 point <20˚ 0 point

Scoring: Perfect 14–15 points Good 11–13 points Moderate 7–10 points Bad 0–6 points

Table 2.  Buck-Gramcko score (BGS) and classification for second through fifth fingers

Free nail palm crease distance Extension loss Total active movement
0–2.5 cm (≥200˚) 6 points 0–30˚ 3 points ≥160˚ 6 points
2.5–4 cm (≥180˚) 5 points 31–50˚ 2 points ≥140˚ 4 points
4–6 cm (≥150˚) 2 points 51–70˚ 1 points ≥120˚ 2 points
>6 cm (<150˚) 0 point >70˚ 0 point <120˚ 0 point

Scoring: Perfect 14–15 points Good 11–13 points Moderate 7–10 points Bad 0–6 points
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Faculty of Medicine (KOU KAEK 2014/320). Informed consent was obtained from every participant and from the parents or 
guardians of the children included in the study.

All data were analyzed using SPSS 13.0 statistical software program for Windows. Descriptive statistics (mean, median, 
standard deviation, and standard error) were examined first. As the data did not show a normal distribution, the Mann-
Whitney U test was used for all comparisons between the two groups, and the Friedman test was used for three or more 
repeated intra-group measurements. The Wilcoxon marked magnitude test was performed for within-group comparisons to 
determine differences in measurements. In all hypothesis testing, p<0.05 was considered significant. To avoid type I errors in 
multiple comparisons, Bonferroni correction was used (0.05 / analysis number).

RESULTS

The average age of the patients was 30.7 ± 13.3 years (6–59 years). The patient group included 4 (17.3%) females and 19 
(82.6%) males. The demographic characteristics of the patients are shown in Table 3. Between the two groups, there were no 
differences in age, gender, occupation, etiology, or injured or dominant hands. A total of 12 tendon injuries were observed in 
12 fingers from nine patients who underwent two-stage flexor tendon repair; a total of 44 tendon injuries were observed in 24 
fingers from 14 patients who underwent early tendon repair.

The distribution of finger injuries in the two-stage repair group included the following: the first finger, two (16.6%); the 
second finger, two (16.6%); the third finger, three (25.0%), the fourth finger, two (16.6%), and the fifth finger, three (25.0%).

Zone II and III injuries were present in seven (77.7%) and two (22.2%) patients, respectively. The distribution of finger 
injuries in the early repair group included the following: the first finger, four (16.6%); the second finger, 6 (25%); the third 
finger, four (16.6%); the fourth finger, five (20.8%); and the fifth finger, five (20.8%). Nine patients (64.2%) had zone II 
injuries and five (35.7%) had zone III injuries. There were no statistically significant differences between the two groups in 
terms of the number of affected fingers and tendons (p=0.332 and p=0.469, respectively). All patients who are included in 
the early repair group, has scheduled for an appointment to the clinic in the first week of the postoperative term. But from the 
two stage group, just seven of the patients has gone for an appointment to the clinic in the first week of postoperative term. 
One patient was detected to have applied in postoperative week 2, whereas one patient was detected at a later period in a 
two stage tendon repair group. Among patients in the two-stage repair group, the period between injury and the first opera-

Table 3. Patient demographics

Overall Early repair (n=14) Two-stage repair (n=9)
Age 30.7 ± 13.3 (6–59 yrs) 33.1 ± 14.8 27.1 ± 10.1
Gender

Female 4 (17.3%) 1 (7.1%) 3 (33.3%)
Male 19 (82.6%) 13 (92.9%) 6 (66.6%)

Profession 
Worker 10 (43.4%) 4 (44.4%) 6 (42.8%)
Student 3 (13.0%) 1 (11.1%) 2 (14.2%)
Housewife 2 (8.6%) 2 (22.2%) -
Tradesman 5 (21.7%) 1 (11.1%) 4 (28.5%)
Officer   1 (4.3%) - 1 (7.1%)
Retired 1 (4.3%) - 1 (7.1%)
Farmer - - -
Child 1 (4.3%) 1 (11.1%) -

Etiology
Work accident 7 (30.4%) 5 (35.7%) 2 (22.2%)
Home accident 5 (21.7%) 2 (14.3%) 3 (33.3%)
Impulse control disorders 4 (17.3%) 4 (28.6%) -
Glass injury 3 (13.0%) - 3 (33.3%)
Other (traffic accident etc.) 4 (17.3%) 3 (21.4%) 1 (11.1%)

Injured hand 
Left 15 (65.2%) 9 (64.2%) 6 (66.6%)
Right 8 (34.8%) 5 (35.7%) 3 (33.3%)

Dominant hand 13 (56.5%) 7 (50.0%) 6 (66.6%)
Non-dominant hand 10 (43.5%) 7 (50.0%) 3 (33.3%)
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tion was an average of 41 months (41.00 ± 54.76; with range: 4–144 months). Among all evaluated patients, tendon repair 
could not be performed in the early stages after injury. Scar tissue (n=5, 21.7%) and adhesions (n=6, 26.8%) were the most 
common complications in the two groups in the post-operative rehabilitation process. There were no statistically significant 
differences in complications between groups (p=0.317).

There were no statistically significant differences in VAS values between the two groups before the study. However, 
there was a statistically significant improvement in VAS values in both groups in the first and second visits compared to the 
pre-treatment visit (p<0.05), but there was no statistically significant difference between the two groups. Although there were 
no significant differences in VAS values between the first and second visits in the two-stage tendon repair group, there was a 
statistically significant improvement in the third visit compared to the second visit and in the third visit compared to the first 
(Bonferroni correction 0.05/3=0.017, p=0.038, p=0.011, and p=0.012, respectively). There was a significant improvement in 
VAS values in the second visit compared to the first, in the third visit compared to the second, and in the third visit compared 
to the first (p=0.001, p=0.001, and p=0.001, respectively). Table 4 shows VAS values for the early and two-stage repair 
groups. In both groups, there was a statistically significant improvement in BGES results during the rehabilitation process. 
While there were no statistically significant differences in BGES scores between the second visit and pre-treatment and 
between the second and third visits in the two-stage repair group (Bonferroni correction 0.05/3=0.17, respectively p=0.157, 
and p=0.023), there was a statistically significant increase between the first and third visits (p=0.014). There were also 
statistically significant improvements in the early repair group, including BGES scores in the second visit compared to the 
first visit and in the third visit compared to the first and second visits (p<0.001, p<0.001, and p<0.001, respectively). BGES 
scores for both groups are shown in Table 5.

Examination of grip strength and both fine and gross grip in the third visit revealed no statistically significant distinction 
between fine grip and grip strength (p>0.05 for both). However, a statistically significant difference was observed for gross 
grip, which included controlled grasping in the early repair group (p<0.05) (Table 6).

DISCUSSION

The primary aim of our study was to assess the rehabilitation results of patients with flexor tendon injuries who underwent 
either early or two-stage flexor tendon repair. The second aim was to compare rehabilitation results between the two groups. 
For this purpose, patient BGES, VAS, grip strength, and gross and fine grip were evaluated. Previous studies have indicated 
that hand injuries more often occur in males12, 13). In our study, 19 of the patients were male (82.6%). Traumatic hand injury 
also occurs more frequently in the second and third decades of life. This is consistent with the patients in our study, who were 
an average of 30.7 ± 13.3 years of age commonly included injuries in the second and third decades. The average age was 
27 years in the gradual repair group and 33 years in the early repair group. In the literature, 60–82% of people who present 
to emergency services for hand or wrist injuries are males, and their average age is between 26 and 47 years8,12–16), and 
53–60% of injuries are to the dominant hand. In the present study, 66.6% and 50% of injuries were to the dominant hand in 
the two-stage and early repair groups, respectively.

In our study, tendon injuries occurred most often in industry workers (43.4%). A previous study on hand injuries reported 
that hand injuries were more common (38.4%) in workers than non-workers11). This observation suggests that tendon injuries 
are more common in the working class, which could be related to the fact that our clinic is located in an industrial area. An 
important part of hand and wrist injuries included tendon cuts.

The aims of rehabilitation programs for tendon injuries include providing active and passive finger ROM, preventing 
flexion contractures and extension loss, hindering tendon breakaway, reducing scar texture, providing pain control, and 
achieving the best possible hand condition and functionality17, 18). In the previous 30 years, an improved understanding of 
tendon anatomy and physiology has improved suturing techniques and has enabled early mobilization of repaired tendons, 
advances that have underscored the importance and necessity of early postoperative mobilization19–21).

Following tendon repair, complications that can prevent tendon lapse, such as scar tissue and adhesion, can cause func-
tional loss in the hand7, 20). In our study, scar tissue and cohesion were the most common complications. There were no 
differences in complications between the two groups.

Rehabilitation programs that include early movement techniques are important in order to prevent complications and 
preserve the functional capacity of the hand21, 22). After tendon injury, the best outcomes are obtained with surgical repair 
and during the earliest period of early rehabilitation. However, in patients with delayed surgical repair or with no effective 
rehabilitation after repair, scar texture and adhesion may limit ROM that can lead to loss of hand function.

The present study assessed the results of early and gradual tendon repair rehabilitations. There were no differences in 
BGES scores among patients who underwent gradual repair, between the second visit and pre-repair, or between the second 
and third visits. Better results were obtained in the third visit compared to the pre-repair visits, suggesting the necessity of 
proceeding with the rehabilitation program for 12 weeks. The significant recovery observed in the first visits of the group 
that underwent early rehabilitation led us to consider whether a rehabilitation program with an earlier start would provide 
better results. Previous studies have reported great or good functional recovery in 60–98% of patients following rehabilitation 
programs that began in early the period of flexor tendon repair8, 14, 23–25). Furthermore, early mobilization after tendon repair 
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has a positive impact on tendon recovery, offering reduced contracture and improved function26).
Similarly, immobilization increased cohesion and contracture27). However, the positive results observed in the gradual 

repair group along with the limited complications supports the idea that these patients benefited from an effective rehabilita-
tion program following successful surgery. The decrease in VAS scores at the second and third visits compared to the pre-
treatment in the early repair group indicates that early rehabilitation programs may successfully control pain. In the two-stage 
tendon repair group, the pain typically started to decrease after the second visit and was significantly decreased at the third 
visit. These results suggest that rehabilitation may also help control pain in complicated cases.

After tendon injuries, evaluating the functional capacity of the hand has great importance. In our study, we assessed patient 
gross and fine grasping skills in order to evaluate the functional capacity of the hand28). There were no differences in grip 
strength or gross grip parameters between groups, indicating that gradual tendon repair can also be successful. However, 
fine grip was better in the early repair group; therefore, it is necessary to proceed with a rehabilitation program to further 
improve fine grasping. The lack of specific tests for evaluating the functional skills of the hand and for evaluating gross and 
fine grasping is a weakness of our study. Additional studies that include in longer rehabilitation programs could make further 
contributions to the literature.

Previous studies have reported positive results in functional recovery after effective rehabilitation programs and early 
surgical repair23, 29, 30). Successful tendon repair has also been reported in cases in which repair was delayed31). Thus, effec-
tive and long-term rehabilitation may provide successful results.

Table 4.  Patient visual analog scale (VAS) scores

1. Control 2. Control 3. Control
Two Stage repair group VAS score 6.1 ± 1.7 4.6 ± 1.6 1.3 ± 1.0*
Early repair group  VAS score 6.5 ± 2.5 5.0 ± 2.3 1.3 ± 2.0*
*Statistically significant (p<0.05) by Friedman test

Table 5.  Patient Buck-Gramcko scores (BGS)

Perfect Good Moderate Bad
Two Stage repair 1. control - 2 (16.6%) 5 (41.6%) 5 (41.6%)
BGS 2. control 1 (8.3%) 2 (16.6%) 5 (41.6%) 4 (33.3%)
(n=12) 3. control 4 (33.3%) 4 (33.3%) 3 (25.0%) 1 (8.3%)
Early repair 1. control - 8 (33.3%) 16 (66.6%) -
BGS 2. visit 1 (4.2%) 12 (50.0%) 11 (45.8%) -
(n=24) 3. visit 12 (50.0%) 10 (41.6%) 2 (8.3%) -

Table 6.  Post-treatment patient grip strength and gross and fine grip

Two Stage repair Early repair
(n=9) (n=14)

n (%), mean ± SD mean ± SD
Median (min–max) Median (min–max)

Grip strength (kg) 26.6 ± 12.5 33.1 ± 9.4
28.0 (5–45) 33.5 (15–55)

Gross grip
None (0) 3 (33.3%) -
Poor (1) 6 (66.6%) 4 (28.5%)
Acceptable (2) - 10 (71.4%)

Fine grip
None (0) 2 (22.2%) -
Poor (1) 7 (77.7%) 6 (42.8%)*
Acceptable (2) - 8 (57.1%)

*Statistically significant (p<0.05) by χ2 test
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