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Abstract: Objective: To study the efficacy of minimally invasive microsurgeries for hand flexor tendon injuries. Meth-
ods: Eighty patients with hand flexor tendon injuries treated in the general surgery department of The 521 Hospital 
of Norinco Group were divided into two groups (the observation group and the control group) in a randomized 
controlled trial. The patients in the observation group were treated with a microscope-assisted single-strand modi-
fied Kessler suture (40 cases), and the patients in the control group received a traditional, single-strand modified 
Kessler suture (performed by the naked eye). All the patients’ degrees of pain and Total Active Motion (TAM) were 
observed after the surgeries. The Purdue Pegboard Test (PPT) and the Minnesota Manual Dexterity Test (MMDT) 
were conducted, and the incidence of postoperative adhesions was compared. Results: The observation group had 
a lower degree of postoperative pain than the control group (P<0.001). All the patients showed a significant improve-
ment in the results of the Total Active Motion (TAM), the Purdue Pegboard Test (PPT), and the Minnesota Manual 
Dexterity Test (MMDT) after surgery (all P<0.001), and the improvement was more noticeable for the observation 
group (all P<0.05). The incidence of adhesions in the observation group was also lower than it was in the control 
group (P<0.05). Conclusion: Microsurgery is superior to traditional repair techniques in the treatment of hand flexor 
tendon injuries. It has the advantages of milder post-operative pain, quicker hand function recovery, and a lower 
incidence of adhesions.
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Introduction

The incidence of hand injuries is fairly high, 
accounting for about 30% of all limb injuries [1]. 
Simple or complex tendon injuries are the most 
common [2]. The main reason is that hand flex-
or tendons are close to the surface of the skin, 
which means there is less external protection. 
As a result, hand flexor tendons are prone to 
injuries such as crushing, rupturing, and tear-
ing, which can further cause restricted joint 
movement, joint weakness, and joint pain [3, 
4]. Tendons have complex components, includ-
ing tendon sheaths, tendon retinacula, and the 
surrounding tissues, which altogether maintain 
tendons’ glide function [5]. In clinical practice, 
exogenous repair is the preferred treatment for 
tendon injuries, as it takes longer to recover 
from endogenous repair because of the slow 
response of the endotenon tenocytes. Exo- 
genous repair refers to the reconstruction of 
the blood supply around the injured tissues  

and filling in the gaps around the injured tis-
sues with new granulation tissues. Fibroblasts 
can then enter the injured sites through the 
reconstructed blood supply, proliferate, and 
connect at the cut tendon ends. During the 
repair process, adhesions will also occur, aff- 
ecting hand function [6, 7]. There are many rea-
sons for tendon adhesions in the process of 
repairing injured tendons [8-10]. And adhesion 
prevention is of great significance to the re- 
covery of hand function [11-13]. Traditionally, 
for flexor tendon injuries, suture repair was per-
formed with the naked eye, a technique which 
has a high incidence of post-operative compli-
cations including adhesions and hand flexion 
dysfunction [14]. Studies have shown that the 
improvement in suture technology can effec-
tively prevent and reduce the incidence of ten-
don adhesions [15]. In recent years, minimally 
invasive microscopic surgeries have been in- 
creasingly used [16, 17]. Assisted by the micro-
scope, the minimally invasive surgery can re- 
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pair the injured tendons and their surrounding 
tissues to the greatest extent and accelerate 
the healing process.

However, there are few comparative studies  
on the traditional suture repair technique and 
the microsurgery. And there is yet no large-sam-
ple randomized controlled trial to explore the 
advantages and disadvantages of the two tr- 
eatment methods. Our study is a randomized 
controlled trial that compared microsurgery 
with the traditional suture repair technique 
from the perspective of their efficacy in treating 
patients with hand flexor tendon injuries.

Materials and methods

Patients

Eighty patients with hand flexor tendon injuries 
treated in our hospital’s surgery department 
from October 2016 to October 2018 were st- 
udied in a randomized controlled trial. The 
patients were aged 18-75 years (average age: 
33.5±8.7). They were randomly allocated to 
either the observation group (40 cases, the 
patients were treated with a microscope-assist-
ed single-strand modified Kessler suture) or to 
the control group (40 cases, the patients re- 
ceived a single-strand modified Kessler suture 
performed by the naked eye). This study was 
approved by the Ethics Committee of The 521 
Hospital of Norinco Group. All the patients in 
this study signed the consent forms.

Inclusion criteria

The patients had to meet the diagnostic criteria 
for flexor tendon injuries: 1) no previous trau-
mas, and it had to be a fresh injury; 2) more 
than 18 years old; 3) no other conditions affect-
ing the motion of the surgical joints; 4) had a 
successful surgery without the need to receive 
another surgery.

Exclusion criteria

Patients who had a cardiopulmonary insuffi-
ciency; patients who had a malignant tumor; 
patients who had a consciousness disturbance; 
immunocompromised patients who had previ-
ously received immunosuppressive agents; 
patients with scar diathesis.

Methods

The observation group was treated with mini-
mally invasive microscopic surgeries. The spe-

cific methods were: routine debridement of the 
wound, local disinfection of the surgical site, 
and brachial plexus anesthesia with lidocaine 
(Tianjin Pharmaceutical Group Xinzheng Co., 
Ltd. China). First, the wound was properly 
extended until the cut ends of the retracted 
tendons were located. The cut tendon ends of 
the patient were then repaired under a micro-
scope and the surrounding soft tissues were 
also repaired. The aponeurosis should be pro-
tected to avoid damage in the process of the 
repair. When the repair was completed, treat-
ments were given to stop bleeding under a 
microscope. Then a modified Kessler was per-
formed to suture the tendons with a 4-0 thread, 
and an 8-0 thread was used to suture the apo-
neurosis. The tendon fibrous tissues and ten-
don sheaths were sutured with 8-0 threads. 
The surgery was then completed. Postoperative 
treatments: Intravenous antibiotics were given 
for 1-2 days after surgery, and absorbable med-
ical film (Shanghai Divine Medical Technology 
Co., Ltd. China) was used to prevent tendon 
adhesions, followed by hand rehabilitation tr- 
aining.

The control group was treated with traditional 
modified Kessler sutures. Debridement, disin-
fection, and anesthesia were carried out the 
same way as they were in the observation 
group. A modified Kessler suture was per-
formed by a surgeon by naked eye. A 4-0 thr- 
ead was used, and two needles were first 
inserted transversely across the cut tendon 
ends to fix them in place. A 3-0 needle was then 
passed transversely through the cut tendon 
end, and exited on the upper surface about 1 
cm away from the cut tendon end. After this, 
the needle was reinserted beside the exit point, 
advanced through the tendon to the far side 
and exited. This process was repeated until the 
cut ends were fixed and the suture was com-
pleted. The postoperative treatments were the 
same as those in the observation group.

Outcome measures

Postoperative pain

The Visual Analogue Scale (VAS) was used to 
evaluate the pain degree of the two groups. The 
subjective sensation of pain was quantified. A 
10-cm scale was applied. There were two end-
points, 0 and 10, among which 0 represented 
no pain and 10 represented the most severe 
pain. The patient chose a point between 0 and 
10 according to the degree of pain felt, and the 
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scale value of the point was the VAS score for 
the patient [18]. Outpatient follow-up visits 
were arranged 12 weeks after surgery, and the 
hand function recovery was then evaluated.

Total Active Motion (TAM)

TAM recommended by the American Society  
for Surgery of the Hand (ASSH) was used [19]; 
the results are described as excellent, good, 
fair, and poor. The scores range from >220, 
201-220, 181-200, and <180 points. Excellent 
and good rate = number of patients with excel-
lent + good results/total number of patients in 
the group * 100%.

Purdue Pegboard Test (PPT)

Three test batteries: For the first test battery, 
the patient has 30 seconds to put as many pins 
as possible into the holes with the injured hand 
(the hand with the tendon injuries); for the sec-
ond test battery, the patient has 30 seconds to 
put as many pins as possible into the holes with 
both hands in 30 seconds; for the third test 
battery, the patients has 60 seconds to make 
as many assemblies as possible with both 
hands [20]. Scores are derived for each part of 
the test. The scores for the pin placement sub-
test consist of the number of pins inserted in 
the time period for the injured hand. The score 
for the bimanual condition consists of the total 

Incidence of postoperative tendon adhesions

The incidence of postoperative tendon adhe-
sions was calculated. Tendon adhesions were 
quantified into 3 grades: mild, moderate, and 
severe.

Statistical methods

SPSS 22.0 statistical software was used. Con- 
tinuous variables are expressed as the mean ± 
standard deviation (

_
x  ± sd). The independent 

t-test was used when the variables accorded 
with a normal distribution. The rank sum test 
was used when the variables did not accord 
with a normal distribution. The enumeration 
data were expressed as a percentage and were 
analyzed using an X2 test and Fisher’s exact 
test. P<0.05 means a difference was statisti-
cally significant.

Results

General and baseline information

There were no statistically significant differenc-
es in terms of gender, age, injury sites, injury 
reasons, or degree of tendon rupture between 
the two groups (all P>0.05, Table 1). Figure 1 
shows a patient undergoing minimally invasive 
microscopic surgeries.

Table 1. General and baseline information of the patients in the 
two groups

Items Observation 
group (n=40)

Control 
group (n=40) X2/t P

Sex (male/female) 22/18 25/15 -0.677 0.489
Age 33.6±9.1 33.3±8.3 0.177 0.860
Injury sites (number of cases) -0.040 0.968
    Thumb 12 12
    Index finger 9 11
    Middle finger 7 5
    Ring finger 9 7
    Little finger 3 5
Injury Reasons -0.151 0.880
    Sharp injury 10 9
    Blunt injury 12 15
    Crush injury 5 4
    Knife cutting 13 12
Degree of rupture -1.377 0.169
    Complete tendon rupture 28 22
    Partial tendon rupture 12 18

number of pairs of pins in- 
serted. The assembly score 
refers to the number of parts 
assembled.

Minnesota Manual Dexterity 
Test (MMDT)

Two test batteries: For the 
placing test, the patients 
have to use the injured hand 
(the hand with the tendon 
injuries) to place 60 disks 
from their original position to 
another position in the pre-
scribed order as quickly as 
possible; for the turning test, 
they have to use the injured 
hand to turn all 60 disks from 
front to back as quickly as 
possible [21]. The MMDT 
score is the total number of 
seconds required to com-
plete the test trials.
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Figure 1. A patient undergoing minimally invasive microsurgery. A. Choosing the incision site for the patient; B. The 
tendon rupture site; C. The sutured flexor tendon after microsurgery; D. Reconstructing the blood supply around the 
flexor tendons.

Table 4. TAM excellent and good rates of the patients in two groups

Groups Excellent Good Fair Poor Excellent and 
good rate

Observation group 20 (50.00) 18 (45.00) 2 (5.00) 0 (0.00) 38 (95.00)
Control group 12 (30.00) 20 (50.00) 7 (17.50) 1 (2.50) 32 (80.00)
X2 -2.253 4.114
P 0.024 0.043
Note: TAM, Total Active Motion.

Table 2. VAS scores of the patients in two groups
Groups Before surgery After surgery t P
Observation group (n=40) 6.45±1.08 2.35±1.05 68.431 <0.001
Control group (n=40) 6.50±1.50 3.55±1.60 47.969 <0.001
t -0.171 3.963
P 0.865 <0.001
Note: VAS, Visual Analogue Scale.

Table 3. TAM scores of the patients in two groups
Before surgery After surgery t P

Observation group (n=40) 73.23±7.57 184.35±26.03 25.708 <0.001
Control group (n=40) 70.78±8.11 156.68±25.76 20.059 <0.001
t 1.396 4.779
P 0.167 <0.001
Note: TAM, Total Active Motion.

Visual Analogue Scale 
(VAS) scores

There were no statistically 
significant differences in 
the VAS scores between 
the two groups before sur-
gery (P>0.05). The VAS 
scores of the observation 
group were lower than 
those of the control group 
after surgery (P<0.001), 
and the VAS scores of 
both of the two groups 
after surgery were lower 
than they were before the 
surgery (P<0.001, Table 
2).

Total Active Motion (TAM) 
scores

There was no statistically 
significant difference in 
the TAM scores between 
the two groups before the 
surgery (P>0.05). Both 
groups showed significant 
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Purdue Pegboard Test (PPT) 
scores

There was no statistically sig-
nificant difference in the PPT 
scores for all three test batter-
ies (tests for the injured hand, 
both hands, and the assembly) 
between the two groups before 
surgery (all P>0.05). Both gr- 
oups showed improvement in 
the PPT scores in all three test 
batteries after the surgery (all 
P<0.001), and the observation 
group had higher PPT scores 
(all P<0.05). See Table 5 and 
Figure 2.

Minnesota Manual Dexterity 
Test (MMDT) scores

There was no statistically sig-
nificant difference in the plac-
ing time and turning time bet- 
ween the two groups before 
surgery (both P>0.05). The 
placing time and turning time 
were significantly reduced for 
both groups after surgery (all 
P<0.05), but the observation 
group had significantly shorter 
placing and turning times (both 
P<0.001). See Tables 6, 7.

Incidence of post-operative 
adhesions

The observation group had a 
significantly lower incidence of 
post-operative adhesions than 
the control group (7.5% vs. 
30.0%, P<0.05). See Table 8.

Discussion

With the progress in science 
and technology, minimally inva-
sive surgeries have been in- 
creasingly used in clinical prac-

Table 5. Comparison of the PPT scores of the patients in the two 
groups
Tests Observation group Control group t P
Injured hand score
    Before surgery 8.28±1.17 8.18±1.58 0.321 0.749
    After surgery 15.93±1.36 14.95±1.82 2.705 0.008
    t 51.000 58.848
    P <0.001 <0.001
Both hands score
    Before surgery 7.93±1.38 7.88±1.62 0.148 0.882
    After surgery 15.65±1.65 14.65±1.98 2.449 0.017
    t 47.094 55.827
    P <0.001 <0.001
Assembly score
    Before surgery 26.30±1.91 26.13±2.22 0.378 0.707
    After surgery 43.03±1.70 39.60±2.55 7.065 <0.001
    t 101.961 168.513
    P <0.001 <0.001
Note: PPT, Purdue Pegboard Test.

Figure 2. The PPT scores of the patients in the two groups. * stands for 
compared with before surgery, ***P<0.001; # stands for compared with 
the control group, #P<0.05, ##P<0.01, ###P<0.001.

improvement in the TAM scores after surgery 
(both P<0.001), but the observation group had 
higher TAM scores than the control group 
(P<0.001). The observation group also had a 
higher excellent and good rate (P<0.05). See 
Tables 3 and 4.

tice. Microscope-assisted minimally invasive 
surgery has been applied to the treatment of 
flexor tendon injuries. This study demonstrated 
that the degree of pain in the observation group 
treated with minimally invasive microscopic 
surgeries was lower than it was in the control 
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occurred with traditional 
suture techniques [23]. 
The blood supply of the 
cut tendon ends can be 
repaired to the greatest 
extent with minimally inva-
sive microsurgeries, and 
endogenous repair can be 
fully involved to promote 
the repair of the cut ten-
don ends [24].

Apart from this, we also 
found that the observa-
tion group had a signifi-
cantly lower incidence of 
post-operative adhesions 
than the control group. 
Studies by Zheng Beifen 
et al. found that the inci-
dence of postoperative 
adhesions was 6.67% wi- 
th microsurgery, compa- 
red with 20% with tradi-
tional surgeries [25]. In 
addition, the observation 
group had higher excellent 
and good rates of efficacy, 
and a better recovery of 

Table 8. The incidence of post-operative adhesions between the pa-
tients in the two groups
Groups Mild Moderate Severe Total (%)
Observation group 2 (5.00) 1 (2.50) 0 (0.00) 3 (7.50)
Control group 8 (20.00) 3 (7.50) 1 (2.50) 12 (30.00)
X2 -2.659 -2.562
P 0.008 0.010

Table 6. Placing time of the patients in the two groups

Groups
Placing time (s)

t P
Before surgery After surgery

Observation group (n=40) 351.08±26.04 271.15±34.28 634.217 <0.001
Control group (n=40) 349.08±25.77 306.95±25.68 323.971 <0.001
t 0.345 -6.185
P 0.731 <0.001

Table 7. Turning time of the patients in the two groups

Groups
Turning time (s)

t P
Before surgery After surgery

Observation group (n=40) 317.68±28.38 240.08±26.02 58.924 <0.001
Control group (n=40) 313.70±25.78 266.08±25.74 153.907 <0.001
t 0.656 -4.492
P 0.514 <0.001

group treated with a traditional modified 
Kessler suture. The lower degree of pain in the 
observation group may be the result of smaller 
incisions and a faster recovery associated with 
the microsurgery. In another study, the mi- 
crosurgery was shown to have the advantages 
of a lower degree of post-operative pain and a 
faster recovery than traditional surgeries [22].

In terms of post-operative hand function recov-
ery, this study used various methods to evalu-
ate the hand function recovery. Both groups 
showed significant improvements in the results 
of Total Active Motion (TAM), the Purdue Pe- 
gboard Test (PPT), and the Minnesota Manual 
Dexterity Test (MMDT) after surgery. Moreover, 
the improvement was more noticeable in the 
observation group. One study found that the 
tendon structures of the cut ends and the sur-
rounding tissues could be seen more clearly 
when the surgery was performed under a mi- 
croscope, which made effective and targeted 
repair possible and avoided secondary damage 
during repair. Also, complete hemostasis of the 
wound can be achieved with microsurgery, pre-
venting the postoperative bleeding which often 

upper limb function, proving the superior effi-
cacy of microscope-assisted suturing. Zeng 
Ying et al. used medications to inhibit tendon 
adhesions when repairing flexor tendon inju-
ries, and compared the results of TAM, PPT and 
MMDT. They found that the hand recovery in 
the observation group was better than it was in 
the control group, and the incidence of adhe-
sions in the observation group was only 6.98%, 
lower than it was in the control group (25.58%) 
[26].

This study is a single-center study, and the 
sample size was small. For future studies, the 
sample size needs to be further expanded and 
multi-center collaboration is needed. Moreover, 
the follow-up time in this study was relatively 
short, so it needs to be further lengthened to 
study the long-term effects of these two types 
of surgeries on the recovery of hand function.

In conclusion, the efficacy of minimally invasive 
microsurgery for hand flexor tendon injuries is 
superior to the efficacy of the traditional modi-
fied Kessler suture. It has the advantages of 
milder post-operative pain, quicker hand func-
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tion recovery, and a lower incidence of ad- 
hesions.
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