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Abstract

Background: Flexor tendon injuries (FTI) are common hand injuries that pose a challenge to the multi-disciplinary team.
Despite being the most researched topic in hand literature, the optimal surgical and post-operative treatment of FTI remains
unclear and results after flexor tendon repair (FTR) continue to be unpredictable.

Purpose: The purpose of this study was to determine the range of movement (ROM), power and pinch grip strength post
FTR and to establish factors that may affect these.

Method: The study was conducted at an academic hospital in Gauteng, South Africa, between January 2013 and September
2015. At one, three and six months post FTR, the ROM of the injured and contralateral finger(s) were measured. At three and
six months post FTR the participants’ bilateral power and pinch grip strength were also measured.

Results: One hundred and twenty-six participants (n=126) enrolled in the study. There was a drop-out rate of 48%, leaving
65 participants that completed six months’ follow-up: 41 males (63%) and 24 females (37%) with mean age of 32 years 
(SD±10, n=65). Out of 65 participants, 2% (n=1) had an excellent outcome, 32% (n=21) a good outcome, 32% (n=21) a fair
outcome and 34% (n=22) a poor outcome with regard to ROM. At six months post FTR the average power grip was 60%
(SD±25, n=65) of the unaffected hand, while the average pinch grip was 52% (SD±42, n=65) of the unaffected hand. 
Sixty-eight per cent (n=44) of patients had post-operative complications: the most common complication was tenodesis/
adhesions (25%, n=16), followed by contracture (22%, n=14). Four patients (6%) had ruptures and 11 (17%) underwent further
surgery. Factors that had a positive effect on outcome at six months post FTR were: younger age, no associated injury, less
duration between injury and surgery, having controlled active motion instead of passive motion occupational therapy protocol,
and not having a language barrier. Injury in zone IV was associated with worse ROM and power grip strength than other zones. 

Conclusion: Although there were some promising outcomes, during this period participants did not consistently achieve the
good or excellent outcomes that are achieved in some developed countries. 

Level of evidence: Level 4
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Introduction
Flexor tendon injuries (FTI) are common hand injuries that pose a
challenge to the multi-disciplinary team.1 Despite this, the optimal
surgical and post-operative treatment of FTI remains unclear and
results after flexor tendon repair (FTR) continue to be 
unpredictable.2

There are several differences in post-surgical outcomes between
developed and developing countries. In developing countries, 
outcomes may be influenced by: a lack of resources (both of the
healthcare facilities and of the patients that utilise the services),3,4

a higher post-operative infection rate,5 language barriers,6 and
lower education levels.7 Other factors that are reported to influence
outcome post FTR include age, smoking, mechanism of injury,
zone and extent of injury, time lapsed from injury to surgery, 
surgical technique, post-operative rehabilitation and adherence to
therapy.1,4 Although much research has been done in developed
countries minimal research has been done in developing countries.
Thus, post-operative functional outcomes between developing
and developed countries may not be the same.

The International Classification of Functioning, Disability and
Health (ICF) provides a framework for the description of health
conditions in terms of body functions and structure, activities and
participation, as well as personal and environmental factors. 
Outcome post FTR is most frequently determined by measuring
the impairments in body structure and functions, such as range
of motion (ROM) and strength of the affected hand. Thus, the aim
of this study was to determine ROM, power and pinch grip
strength post FTR and factors that may influence these. 

Method

Study design and participants 
A longitudinal observational study was done at an academic 
hospital in Johannesburg, South Africa, from January 2013 to
September 2015. Persons with an FTI in any zone, in any finger,
with any associated neurovascular and/or bony injury, and who
were over the age of 14 years were included. Persons with a 
previous injury to the affected or unaffected hand with residual
ROM and/or strength deficit were excluded. This was part of a
bigger study to establish functional outcomes after FTR of the
hand.

Sampling
A sample of n=126 was recruited following considerations that
there are 11 factors affecting FTR outcomes (age, language 
barriers, smoking, mechanism of injury, zone of injury, extent of 
injury, including number of digits injured and associated injury, time
lapsed from injury to surgery, surgical technique, post-operative
rehabilitation protocol and adherence to therapy1,4 and each factor
was assigned ten participants (total of 110 participants). A loss to
follow-up of 15% (16 participants) was anticipated, resulting in
n=126. 

Instrumentation and outcome measures
ROM was measured with a universal metal finger goniometer.
Conventional goniometry was used as it was found to be 
comparable with computer-aided goniometry and motion
analysis.9 Any change in ROM by >5° was considered clinically
meaningful.10 Grip strength was measured with a Jamar 
dynamometer, in the position described by the American Society
of Hand Therapists (elbow flexed 90°, forearm in neutral and 
patient gripping the dynamometer at the second handle position).
The minimal detectable change (MDC) has not been established;
however, there are readily available age- and sex-specific norms.11

Pinch strength was measured using a pinch meter. 

The pinch meter measures thumb–finger prehension in pounds
and/or kilograms and norms are available.12

Procedure
During the study period, theatre lists were obtained from the 
hospital hands unit and patients due for FTR were identified. Post
surgically all participants received occupational therapy (OT) for
four weeks. The OT protocols used were the passive motion or
controlled active motion or early active motion protocols. After four
weeks patients were invited to participate in the study by the 
researcher as they attended their first physiotherapy appointment.
They continued to receive the usual OT and physiotherapy as 
necessary. At invitation (baseline, four weeks post-operatively) a
data collection form that covered details about demographics, 
injury, surgery, rehabilitation and post-operative complications was
completed by those who gave consent. The aspects of 
rehabilitation and post-operative complications were gathered at
the three and six-month follow-up period where necessary.

At baseline, bilateral hand ROM was measured. For measure-
ment of the finger joints the participant’s wrist was in neutral, and
the participant was asked to form a composite fist to measure
flexion ROM (i.e. joints were not measured in isolation). The 
participant was then asked to open their hand as much as 
possible in order to measure extension ROM. For the thumb 
flexion and extension ROM measurement the participant was
asked to flex and extend their thumb as fully as possible (with wrist
in neutral). ROM of the affected hand was measured in an identical
manner at three and six months post-surgery. At three and six
months post-surgery the participant’s bilateral grip strength and
pinch strength were measured. Three measurements were taken
for both affected and unaffected hands and an average of the
three readings was calculated.

Data analysis
The Total Active Movement (TAM) classification system, as 
described by the American Society for Surgery of the Hand
(ASSH),13 was applied to the ROM measurements. TAM was 
calculated by subtracting the sum of the extension deficit present
at each joint (metacarpal-phalangeal joint [MCPJ], proximal 
interphalangeal joint [PIPJ] and distal interphalangeal joint [DIPJ])
from the sum of the degrees of flexion at each joint: TAM = total
active flexion (MCPJ, PIPJ, DIPJ) – total extension deficit (MCPJ,
PIPJ, DIPJ).13 The average TAM for the affected hand was then
calculated and classified according to the following: 100% – 
Excellent, >75% – Good, >50% – Fair, <50% – Poor.

For power and pinch grip strength, three measurements were
taken bilaterally, and the average of the affected hand was then
divided by the average of the unaffected hand to determine the
percentage of unaffected grip strength. Descriptive statistics were
used to analyse demographic information, ROM, pinch and grip
strength. Friedman’s test was used to compare median scores of
ROM over the study period, and the Wilcoxon Signed Rank test
was used to compare median scores of grip and pinch strength
over the study period. Pearson’s correlation was used for ROM
and power grip, while Spearman’s correlation was used for pinch
grip, due to the skewness of its distribution. To test association, 
t-test, one-way ANOVA and Kruskal-Wallis tests were used. The
predictor variables were: age category, smoking history, 
mechanism of injury (sharp or tearing), zone of injury, number of
digits injured, associated injury, number of weeks between injury
and surgery, suture technique, OT protocol, adherence to therapy
and presence of language barrier. Bonferroni test was used to 
determine, when there are differences between the groups. 
Regression analysis was done for variables which were statistically
significant from univariate analysis. Stata statistical software 
(version 14) was used for statistical analysis. Significance was set
at p ≤ 0.05. 
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Results

Participants
Of the 126 participants (n=126) enrolled in the study, 75% (n=94)
and 56% (n=72) completed their three- and six-month 
assessments, respectively. Seven participants who attended their 
six-month follow-up had missed their three-month follow-up, 
leaving 51.5% (n=65) participants (141 fingers) with complete data
and eligible for analysis; thus results have been presented using
n=65. The demographics of the study sample are summarised in
Table I. Most of the participants were male (63%) and between
the ages of 20 and 30 years (37%). Sixty-three per cent (n=41) of
the participants were employed, 91% of the sample was right
hand dominant and 78.5% could understand and speak English
fluently.

Characteristics of injuries
Characteristics of injuries sustained by participants are 
summarised in Table II. Most (61.5%) participants injured their
dominant hand and the most commonly injured zone was zone
V (40%). Most participants only injured a single digit (38.5%).
The most common associated injury was ulnar nerve (21.5%). 

Details of the surgery and complications 
post surgery
Details of the surgery undergone by participants are 
summarised in Table III. There was a mean delay of 11 days 
(SD±15, n=65) between injury and surgery, with most of the 
participants (57%) undergoing FTR within a week of sustaining
their FTI. Almost half of the patients (48%) had four-strand repair.
There was a high rate (43%) at which the surgeon did not 
specify in the surgery notes which suture was used.

Table I: Demographics of study sample (n=65)

Descriptor n (%)

Sex
Male 41 (63%)

Female 24 (37%)

Age* (years)

<20 5 (7.5%)

20–30 24 (37%)

31–40 20 (31%)

41–50 11 (17%)

>50 5 (7.5%)

Occupation

Employed 41 (63%)

Unemployed 17 (26%)

Other** 7 (11%)

Type of work
(n=41)

Sedentary 4 (10%)

Light 15 (36.5%)

Medium 15 (36.5%)

Heavy 7 (17%)

Hand dominance
Right 59 (91%)

Left 6 (9%)

Smoker
Yes 19 (29%)

No 46 (71%)

Language barrier

Yes*** 8 (12.5%)

No 51 (78.5%)

Slight*** 6 (9%)

*       Mean age of the participants was 32 years (SD±10, n=65). The youngest
participant was 15 and the oldest 62.

**      Includes scholars, students, pensioners and prisoners
***    ‘Yes’ required a translator, ‘Slight’ meant participant was not fluent in English,

but a translator was not required

Table II: Characteristics of the injuries (n=65)

Descriptor n (%)

Hand 
injured

Dominant 40 (61.5%)

Non-dominant 25 (39.5%)

Cause 
of injury

Accidental* 28 (43%)

Violence-related 24 (37%)

Motor/pedestrian vehicle accident 2 (3%)

Occupational 5 (8%)

Self-inflicted** 6 (9%)

Sharp/
tearing***

Sharp 60 (92%)

Tearing 5 (8%)

Zone

I 1 (1.5%)

II 19 (29%)

III 9 (14%)

IV 3 (4.5%)

V 26 (40%)

Thumb (zones I–III) 7 (11%)

Number 
of digits 
injured

1 25 (38.5%)

2 18 (28%)

3 11 (17%)

4 8 (12%)

5 3 (4.5%)

Associated
injury****

Isolated median nerve laceration 10 (15%)

Isolated ulnar nerve laceration 14 (21.5%)

Combined median and ulnar 
nerve laceration

4 (6%)

Digital nerve laceration 11 (17%)

Fracture/dislocation 5 (7%)

Vascular Injury 9 (14%)

Extensor tendon/thenar 
muscle laceration

5 (7%)

Associated injury**** 2 (3%)

None 21 (32%)

*        Injuries caused by accidents (outside of work) such as falling onto glass or
cutting oneself accidentally

**      Injuries sustained by punching windows and in one case a parasuicide
***    Sharp: knives, broken bottles, glass, blade and windows; tearing:

grinders/saws and a spanner in one case
****    Accounts for combined injuries, i.e. more than one associated injury

Table III: Details of surgery undergone by participants (n=65)

Descriptor n (%)

Delay 
between 
injury and
surgery*

<1 week 37 (57%)

1–2 weeks 18 (28%)

>2–3 weeks 3 (4.5%)

>3–4 weeks 3 (4.5%)

>1 month, <2 months 1 (1.5%)

>2 month, <3 months 2 (3%)

Suture

>3 months 1 (1.5%)

4-strand 31 (48%)

2-strand 2 (3%)

4-strand FDP**, 2-strand FDS** 1 (1.5%)

4-strand FDP only 3 (4.5%)

Not recorded*** 28 (43%)

*        The mean delay between injury and surgery was 11 days (SD±15, n=65)
with a minimum wait of 0 days (i.e. the participant was operated on the day
of injury) and a maximum delay of over three months

**      FDP: flexor digitorum profundus; FDS: flexor digitorum superficialis
***    Surgeon did not record the surgical technique used in the surgery notes
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Sixty-eight per cent of participants (n=44) experienced one or
more complications post FTR. The most common complication
was tenodesis/adhesions (25%, n=16), followed by contracture
(22%, n=14) and infection (9%, n=6). Eleven participants (17%)
underwent further surgery. The further surgeries included: three
debridements, three tenolysis, one contracture release, three
secondary tendon repairs and one Riordan tendon transfer. 

ROM, power and grip strength
The ROM of participants at one, three and six months post FTR,
in terms of TAM, showed an improvement in median TAM of
36% from one to three months (p<0.001), and 8% from three
to six months (p<0.001). At one month post FTR, the majority
(94%, n=61) of participants had ROM classified as poor. At three
months post FTR the ROM classification was divided almost
equally between fair (45%, n=29) and poor (43%, n=28). At six
months post FTR the participants’ ROM was split almost equally
into thirds of good and excellent (34%, n=22), fair (32%, n=21)
and poor (34%, n=22) results. The power grip strength 
improved by 21% (p<0.001) and pinch grip strength by 25%
(p<0.001) from three to six months. 

Factors that affect ROM, power and grip
strength six months post FTR
Power grip, ROM, and pinch grip were all positively correlated;
therefore, as ROM improves, strength improves and vice versa.
After testing for correlation, tests for association were done. The
summary is presented in Table IV. ROM at six months was 
significantly associated with age and zone of injury. Participants
aged 50 years and older or who had an injury in zone IV of their
hand were more likely to have decreased ROM when compared
to other age categories and zones. Power grip was significantly
associated with zone of injury, number of digits injured, 
associated injury and presence of a language barrier. 
Participants who had an injury in zone IV, a combined median
and ulnar nerve injury or were unable to speak English were
more likely to have decreased power grip, while those with injury
to the thumb or a single digit injury were more likely to have 
increased power grip. Pinch grip was significantly associated
with zone of injury and associated injury. 

The factors found to be significantly correlated to and/or 
associated with each outcome variable were used in the multiple
linear regression and are summarised in Table V. For each year
decrease in age there was a 0.7° increase in ROM (p=0.01). 

Table IV: Summary of associations of factors with significant outcome variables

ROM Power grip Pinch grip

Mean (SD) p Mean (SD) p Mean (SD) p

Age category (years)
<20 75.05 (±19.74)

0.01 √

56.80 (±24.00)

0.15 NA 0.12**

20–30 63.87 (±23.14) 66.08 (±23.68)

31–40 59.94 (±25.55) 62.10 (±21.64)

41–50 63.71 (±25.40) 56.82 (±25.80)

>50 32.43 (±13.73) 36.00 (±31.56)

Zone of injury
I 63.46 (±0.00)

0.01 √

73.00 (±0.00)

0.00 √ NA 0.00** √

II 60.54 (±15.52) 74.37 (±16.99)

III 62.95 (±26.42) 57.11 (±26.36)

IV 23.64 (±11.13) 17.33 (±12.66)

V 69.90 (±23.31) 48.81 (±19.76)

Thumb 43.03 (±33.04) 85.14 (±10.16)

Number of digits injured
1 52.33 (±24.53)

0.11

76.44 (±18.86)

0.00 √ NA 0.11**

2 69.55 (±22.32) 57.56 (±21.31)

3 62.75 (±29.39) 45.36 (±26.27)

4 60.84 (±21.43) 40.75 (±18.44)

5 77.59 (±4.40) 48.33 (17.67)

Associated injury
Ulnar nerve 75.55 (±29.28)

0.13

54.10 (±20.46)

0.00 √ NA 0.00** √

Median nerve 61.85 (±22.06) 44.43 (±19.92)

Combined median and ulnar nerve 59.63 (±19.04) 29.25 (±12.18)

Digital nerve 66.78 (±21.85) 74.09 (±21.69)

Fracture/dislocation 53.64 (±8.63) 69.00 (±30.64)

Pulley 71.89 (±0.66) 88.00 (±1.41)

Nil 50.98 (±26.26) 68.52 (±24.90)

Language barrier
Yes 52.28 (±22.60)

0.57

39.13 (±17.27)

0.03 √ NA 0.27**No 62.17 (±24.87) 63.55 (±23.68)

Slight 63.49 (±26.99) 60.50 (±30.01)

Test used: No star – ANOVA; * T-test; ** Kruskal-Wallis test (no Bonferroni calculation done). √ Significant
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Table V: Multiple regression – ROM

ROM Coefficient Standard error T P > ǀ t ǀ 95% Confidence interval

Age −0.70 0.27 −2.61 0.01* −1.25 −0.16

Zone of injury
(Base category:
Zone I)

II −0.93 21.83 −0.04 0.97 −44.73 42.88

III 6.65 22.84 0.29 0.77 −39.19 52.48

IV −35.92 25.25 −1.42 0.16 −86.58 14.75

V 4.96 22.47 0.22 0.83 −40.14 50.05

Thumb −14.86 23.03 −0.65 0.52 −61.08 3136

Delay between injury and surgery 
(in days)

−4.83 2.06 −2.34 0.02* −8.97 −0.70

Number of digits 1.40 3.17 0.44 0.66 −4.96 7.76

Suture 
(base category: 
2-strand)

4-strand 0.66 16.03 0.04 0.97 −31.51 32.84
FDP** 4 strand, 
FDS** 2 strand

19.44 2725 0.71 0.48 −35.24 74.13

FDP** only −15.09 19.69 −0.77 0.45 −54.60 24.41

Not recorded 9.96 15.87 0.63 0.53 −21.88 41.81

R-squared = 0.41; Adjusted R-squared = 0.28
* - significant
** - FDP: flexor digitorum profundus; FDS: flexor digitorum superficialis

Table VI: Multiple regression – power grip

Power grip Coefficient Standard error T P > ǀ t ǀ 95% Confidence interval

Age −0.62 0.23 −2.64 0.01* −1.09 −0.15

Zone of injury
(Base category:
Zone I)

II 4.62 19.04 0.24 0.81 −33.58 42.81

III −7.27 19.56 −0.37 0.71 −46.52 31.99

IV −30.20 23.22 −1.30 0.20 −76.80 16.41

V 2.88 22.28 0.13 0.90 −41.83 47.60

Thumb 21.14 19.82 1.07 0.29 −18.64 60.92

Associated injury
(base category: 
nil injury)

Median nerve −8.01 11.82 −0.68 0.50 −31.72 15.70

Ulnar nerve −23.91 12.78 −1.87 0.07 −49.56 1.75

Combined median
and ulnar nerve

−33.86 14.44 −2.34 0.02* −62.85 −4.89

Digital nerve 5.74 7.00 0.82 0.42 −8.31 19.79

Fracture/dislocation 6.55 11.92 0.55 0.59 −17.37 30.46

Pulley injury 14.58 13.54 1.08 0.29 −12.59 41.74

R-squared = 0.57; Adjusted R-squared = 0.47
* - significant

Table VII: Multiple regression – pinch grip

Power grip Coefficient Standard error T P > ǀ t ǀ 95% Confidence interval

Age −0.73 0.45 −1.64 0.11 −1.63 0.16

Zone of injury
(Base category: 
Zone I)

II 12.10 36.09 0.34 0.74 −60.47 84.67

III −1.24 36.73 −0.03 0.97 −75.09 72.60

IV 2.85 43.55 0.07 0.95 −84.72 90.42

V 42.70 41.92 1.02 0.31 −41.59 126.99

Thumb 33.06 37.27 0.89 0.38 −41.87 108.00

Associated injury
(base category: 
nil injury)

Median nerve −32.83 22.10 −1.49 0.14 −77.27 11.61

Ulnar nerve −57.94 24.13 −2.40 0.02* −106.46 −9.42

Combined median
and ulnar nerve

−75.84 27.53 −2.75 0.01* −131.21 −20.48

Digital nerve 21.80 13.67 1.60 0.12 −5.68 49.27

Fracture/dislocation 26.43 24.45 1.08 0.29 −22.73 75.59

Pulley injury 17.87 25.74 0.69 0.49 −33.90 69.63

Mechanism of 
injury (base category:
sharp injury)

Tearing −41.86 24.68 −1.70 0.10 −91.48 7.77

OT protocol** 
(base category: passive
motion protocol)

CAM** 48.63 22.95 2.12 0.04* 2.49 94.77

EAM** 14.95 25.78 0.58 0.57 −36.89 66.79

Did not receive OT −18.75 36.10 −0.52 0.61 −91.33 53.83

R-squared = 0.52; Adjusted R-squared = 0.36
* - significant
** - OT: occupational therapy; CAM: controlled active motion; EAM: early active motion
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For every day earlier that the participant was operated on post-
injury there was a 4.83° increase in ROM (p=0.02). 
Table VI shows that for each year decrease in age there was

a 0.62kg increase in power grip (p=0.01). A participant with a
combined median and ulnar nerve injury was 34 times more
likely to have decreased power grip strength when compared
to those with no associated injury (p=0.02). 
Table VII indicates that participants with an ulnar nerve injury

or with combined median and ulnar nerve injury were 58 times
(p=0.02) and 76 times (p=0.01) more likely to have decreased
pinch grip strength respectively. Participants who were treated
using a controlled active motion (CAM) protocol were 49 times
more likely to have increased pinch grip strength when 
compared to those treated with a passive motion protocol
(p=0.04).

Discussion
The majority of the participants were male and between the
ages of 20 and 30 years, both of which are similar to previous
research14 and in keeping with the global trend of young males
experiencing high rates of injury when compared with other age
and gender groups.15,16 This is due to the increased level of 
risk-taking behaviours,15,16 increased exposure to occupations
or activities where they may sustain injury, and increased alcohol
consumption when compared to women.16

Almost two-thirds of the participants were employed (63%)
and 26% were unemployed, which is similar to South Africa’s
unemployment rate of 25%.17 It is difficult to compare these 
figures with other flexor tendon research as employment is rarely
considered in the assessment of outcomes post FTR.

Twenty-nine per cent of the participants were smokers. This
is the same percentage as Trumble et al.’s study,18 and a lot
higher than the estimated smoking prevalence in South Africa
of 17.6%.19 This may be due to the fact that participants were
mostly males, who are significantly more likely to use tobacco
than females.19

The most commonly injured zone was zone V (40%). Studies
by De Jong et al.14 and Hung et al.20 found that zone II was the
commonly injured flexor tendon zone, injured in 19.1% and 52%
of cases respectively. These studies found that zone V was 
injured in 6.7% and 17% of cases, which is much lower than
that of this study. Often FTR research does not include injuries
in zone V due to the higher likelihood of an associated peripheral
nerve injury, which is often an exclusion criterion.21 The lack of
associated nerve injury as part of the exclusion criteria in this
study may account for the higher representation of zone V 
injuries in this sample. It is also more difficult to find information
in the literature regarding incidence of injury in zones other than
zone II, which is the zone most FTR research focuses on.22 The
fact that the current study did not exclude zone V injuries is a
strength of the study, as it aids in broadening the literature 
regarding zone V injuries, especially when considering factors
that influence functional outcome post injury.

Nerve lacerations were the most commonly associated injury
in this study and vascular injury was the most common 
secondary associated injury. Trumble et al.18 had a 36% 
incidence of digital nerve injuries in their sample and Hung 
et al.20 had a 67% incidence. These higher numbers are to be
expected as both studies focused on zone II FTI, where injury
to digital nerves occurs. The higher incidence of associated 
peripheral nerve injuries than other associated injuries in this
study is more than likely due to the high number of zone V 
injuries sustained by this sample. However, the figures from this
study are not as high as those found by Al-Shanawany et al.23

where there was involvement of the median nerve in 25% of
cases, the ulnar nerve in 30% of cases and combined median

and ulnar nerve injury in 45% (only 6% in this study). Most FTR
studies over the years24-26 have excluded patients with 
associated injuries, making it difficult to compare this research
with other flexor tendon research.

With regard to the time elapsed between injury and surgery,
there was a mean delay of 11 days (SD±15, n=65), with most
of the participants (57%) undergoing FTR within a week of 
sustaining their FTI. This compares favourably with Braga-Silva
and Kuyven’s study27 in Brazil where all of the participants had
surgery between days 7 and 21 post injury. This was due to 
difficulties with access to specialist hand surgery, which is a 
factor in the South African healthcare system too. In the 
developed countries of England,25 Japan26 and Iran,28 in 
specialised hand centres, the majority of patients underwent
surgery much sooner: all patients in the study by Caulfield 
et al.25 had surgery on day 2 post injury. 

Both Tang29 and Dy and Daluiski30 state that there is no solid
evidence regarding the best time to perform tendon repair.
Tang27 refers to McFarlane et al.’s study31 that stated that direct
repair may be possible up to several months post injury, 
depending on the amount of tendon retraction that has 
occurred. This is confirmed by the five patients in this study who
had a primary FTR performed despite delays of over one month
post injury. 

Almost half of the patients (48%) had four-strand repair. This
is in keeping with the move away from the conventional two-
strand method toward the most widely accepted four-strand
technique.32 There are no present-day studies that would 
accept less than a four-strand repair into their sample due to
the move towards more aggressive, earlier active mobilisation,
which requires the strength of more than a two-strand 
repair.18,26,33

A high number (68%) of participants experienced 
complications post FTR. This is much higher than the rate
quoted by Dy et al.34 of 4% rupture and 4% adhesions. The 
rupture rate of 6% is equivalent with the rate of 4–6% 
consistently quoted in the literature;32 however, the adhesion
rate of 25% is much higher than that found in other literature.8

The higher adhesion rate is likely due to the passive motion 
protocol currently used at the hospital where this research was
conducted, owing to the fact that in passive motion protocols
there is a higher risk of decreased ROM and adhesions.34-36

There was a significant improvement in ROM from one to three
months and from three to six months. With rehabilitation, post-
FTR ROM seems to improve for the first six months, as is shown
in this sample, and only reaches a plateau at around one year
post repair. 

The median power and pinch grip percentages of the 
unaffected hand were 41% and 29% at three months and 62%
and 54% at six months respectively. There was a significant 
improvement in strength for power grip and pinch grip from
three to six months. Like ROM, grip strength also improves for
the first six months and reaches a steady state at one year post
FTR, as described by May and Sifverskiold,37 and Libberecht 
et al.13

For power grip strength, Kitis et al.’s findings38 were a mean
of 85% of the unaffected hand at 12 weeks post FTR, much
higher than this sample at six months post FTR, but their study
only looked at zone II injuries, where median or ulnar nerve 
injuries were not a factor that could affect the grip strength. Bal
et al.39 found a mean of 62% (71% in zone II and 53% in zone
V) of the unaffected hand with a median follow-up period of 
72 weeks, an identical result to this study, and they included 
patients with peripheral nerve injury. 

There was a variation in strength according to hand 
dominance, with the right hand dominant participants averaging
18% higher in power grip and 11% higher in pinch grip than the
left hand dominant participants at six months post FTR. 



Ntsiea MV et al. SA Orthop J 2018;17(1) Page 53

When one considers the 10% rule (where strength of the dominant
hand is 10% more than that of the non-dominant hand, especially
for right-hand dominant people), this variation is lessened.13

In this study, increasing age leads to decreasing ROM and power
grip strength. In particular, participants aged 50 years and over
were more likely to have decreased ROM when compared to other
age groups. These findings are similar to those of Freuh et al.33

who found that older age is associated with decreased ROM post
FTR. This is explained by the deterioration of tendon quality with
advancing age,40 which makes tendon repairs more prone to poor
outcomes.

Associated injury was found to affect both the power and pinch
grip strength at six months post FTR, a similar finding to other
studies which established that in the presence of an associated
bony or neurovascular injury results are poorer.18,34,41 A combined
median and ulnar nerve injury was the associated injury to cause
the greatest loss of power and pinch grip strength, while ulnar
nerve injury also resulted in decreased pinch grip strength. This
makes sense as the median and ulnar nerves innervate all the 
flexors in the forearm and hand, so aceration of both nerves would
greatly affect grip strength in the hand. Another reason associated
injury could affect the outcome of grip strength is that more severe
injuries, involving multiple structures, could require a period of 
immobilisation before active rehabilitation can commence.33 This
delay in active mobilisation could lead to development of 
adhesions and stiffness which may be difficult to overcome once
active ROM starts. 

The delay between injury and surgery had a significant effect on
ROM. This makes sense in that the sooner the patient is 
operated on the better the outcomes. Torrie et al.32 found that 
outcomes were improved if patients underwent surgery within
seven days of sustaining an FTI. 

The final factor that was found to affect the outcome post FTR
is the presence of a language barrier. A possible reason why 
language barrier affects the outcome is if the participants are able
to communicate effectively with the health professionals treating
them they should be able to understand the strict instructions and
the importance of rehabilitation post FTR. If the participant under-
stands both of these they would be less likely to unintentionally be
non-adherent32 with splint wear and the home exercise 
programme, and possibly more likely to attend therapy sessions,
all of which are important to the functional outcome post FTR. 

Conclusion
The factors found to significantly affect the ROM, power and pinch
strength at six months post FTR are: age, zone of injury, 
associated injury, delay between injury and surgery, OT protocol
used and language barrier. 

Limitations 
The primary limitation of this study is the small size of the sample
and high dropout rate, both of which affect the reliability of the
analyses and make it difficult to generalise the results. However, a
maximum of six factors were found to be significantly correlated
to and/or associated with each outcome variable and only these
factors were used in the multiple linear regression analysis making
up for the minimum of ten participants per factor.

Clinical message 
•    Controlled active motion is more beneficial than passive 

motion post FTR.
•    Early FTR post-injury results in better ROM. 

•    Accurate surgery notes are needed for therapists to adhere to
the necessary precautions/contraindications. 

A translator is needed when there is a language barrier for patients
to understanding their condition and precautions.

Compliance with ethics guidelines 
Permission to conduct research was obtained from the hospital,
ethical clearance granted by the University of the Witwatersrand
Human Research Ethics Committee (M130748), and all 
participants gave informed consent.
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