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Abstract
Background:Various techniques have been attempted for preventing postoperative flexor tendon adhesion, such as modification
of suture technique, pharmacological agents, and mechanical barriers. However, there is no evidence of the efficacy of these
methods in clinical settings. In this study, we present the long-term outcomes of a randomized prospective study in which acellular
dermal matrix (ADM) was used to prevent postoperative adhesions after tendon injury in the hand.

Methods: From January 2017 to January 2020, all patients with an acute single flexor tendon injury in hand Zones III, IV, or V were
candidates. A single-digit, total tendon rupture repaired within 48hours, from the index finger to the little finger, was included in the
study. Patients were randomly allocated to either a control or ADM group. Complications and the range of movements were
recorded. Functional outcomes and a patient satisfaction questionnaire were evaluated after 12months following the tendon repair
surgery. The present study is adhered to the CONSORT guidelines.

Results: A total of 25 patients was enrolled in the study: 13 patients in the ADM group and 12 in the control group. According to
Buck-Gramcko II criteria, the postoperative functional outcome score was 14.38±1.71 in the ADM group and 13.08±1.82 in the
control group (P value= .0485). Patient satisfaction was recorded at 8.38±1.44 in the ADM group and 7.08±1.58 in the control
group (P value= .0309), a significant difference. There were no differences in complications between the 2 groups.

Conclusion: The beneficial effects of ADM after tendon repair were confirmed by improved postoperative functional outcome at
flexor Zones III, IV, and V, preventing peritendinous adhesions and acting effectively as an anti-adhesive barrier.

Abbreviations: ADM = acellular dermal matrix, HA = hyaluronic acid.
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1. Introduction

Flexor tendon injury is one of the most common hand injuries
and has been repaired using various techniques. However, it is
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difficult to completely restore hand function after repair.[1]

Adhesion formation between repaired tendons and the surround-
ing tissue has been thought to be one of the most important
factors that disturbs functional restoration. It is estimated that the
adhesion, which can cause significant disability, occurs in about
30% of cases.[2,3]

Numerous techniques have been attempted to prevent
postoperative flexor tendon adhesions, such as modification of
the suture technique with multistranded low friction methods,
pharmacological agents regulating inflammatory response or
tissue remodeling, and mechanical barriers forming a gliding
surface between repaired tendons and surrounding proliferating
tissue.[4,5] The beneficial biological and histological effects of
these techniques for preventing postoperative adhesions have
been reported through in vitro studies and in vivo animal studies.
However, there is no evidence of efficacy in clinical settings due to
lack of clinical trials.[6–9] With mechanical barriers, along with
development of tissue engineering, various kinds of synthetic
matrices enhancing biocompatibility combined with pharmaco-
logical agents have been actively introduced, but evidence for
clinical use is insufficient.[10,11]

It is reported that the acellular dermal matrix (ADM),
commonly used as a replacement for skin grafts and a supplement
for tissue defects,[12] has been applied for tendon augmentation in
Achilles tendon repair and as tendon scaffold in tendon gap
repair.[13–15] However, to our knowledge, the effects of using an
ADM as the mechanical anti-adhesive barrier when repairing
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flexer tendon injuries have not been documented yet. In this
study, we present the long-term outcomes of a randomized
prospective study in which ADM was used to prevent
postoperative adhesions after tendon injury.
2. Patients and methods

2.1. Ethical statement

This study was approved by the Institutional Review Board of the
Catholic Center Office of the Human Research Protection
Program (No. of IRB VC17DESI0222) in The Catholic
University of Korea (Seoul, Korea). All data were analyzed
anonymously and according to the principles in the Declaration
of Helsinki 1975 (revised in 2008).

2.2. Patients

The study was designed as a prospective, randomized controlled
trial and conducted with patients seen from January 2017 to
January 2020. This study was designed followed by CONSORT-
compliant. All patients with acute single-digit flexor tendon
injury in Zone III, IV, or V between the palmar digital crease and
the proximal border of the transverse carpal ligament were
candidates. Patients with single-digit, 1- or 2-tendon rupture
from the index finger to the little finger repaired within 48hours
were included. The exclusion criteria were flexor tendon injury in
Zones I and II and flexor pollicis longus injury. Patients who
underwent surgery after 48hours of tendon injury were also
excluded from this study. Patients were randomly stratified into 2
groups using a random number table: the control and ADM
group. The random allocation sequence was generated by
surgeon and patients were assigned by a research assistant.
All patients were provided the informed consent for the

publication of this study.

2.3. Surgical technique

Tenorrhaphy was performed under general anesthesia. Once the
hand was draped in an aseptic manner, the skin laceration was
extended to expose the ruptured tendon, and if necessary, the
standard Bruner incision was carried out. After the defect of
the tendon sheath was completely exposed for tendon repair, the
tendon was mended with a core suture using the 4-strand double
modified Kessler technique with #4-0 polypropylene sutures and
peripheral sutures using a continuous running suture technique
with #6-0 polypropylene sutures (Fig. 2A). After debridement of
the dirty margin of the tendon sheath, the ADM (Insuregraf,
Hyundai Bioland, Cheonan, Korea) was applied over the
repaired tendon in a slightly larger size than the defect in the
tendon sheath in a wrapping manner (Fig. 2B) before skin
closure; this was defined as a case group. On the other hand, the
control group with core suture alone, peripheral suture, and
debridement of a dirty margin of the tendon sheath was
conducted in the same manner as the case group but without
ADM wrapping. The overlying skin and subcutaneous tissue
were closed with #5-0 nylon sutures with a buried suture if
necessary. Stitches of the skin suture were removed 10 to 14days
postoperatively.
Passive physical therapy was started 3 to 5 days after the

surgery once acute postoperative pain improved, and early
controlled active physical therapy was started at 7 days
postoperative. The physical therapy schedule was the same for
2

both groups, and passive and active exercises were maintained
every twice a week for the following 8 weeks as scheduled.
Postoperative complications including infection, re-rupture,

and wound disruption were recorded during the follow-up
period.
The functional outcome of flexor tendon repair was assessed by

Buck-Gramcko II criteria based on nail to palm crease distance,
total extension defect, and modified total active motion score.
Based on the score assigned according to this scoring system, the
results were evaluated using a 5-stage classification.[16] The
functional outcomes were measured at 12months postoperative-
ly. In addition, patient scores on the Patient Satisfaction
Questionnaire ranging from 0 (bad) to 10 (good) compared
with pre-injury status were obtained by questionnaire in which
recovery of daily motor function was rated.
2.4. Statistical analysis

Patient demographics of age, sex, injured zone of flexor tendon,
injured tendon, injured finger, and mechanism of injury were
compared between groups using the Mann–Whitney U test and
Fisher exact test.
The functional outcomes assessed by Buck-Gramcko II criteria

including score and classification were analyzed and compared
using theMann–WhitneyU test and Fisher exact test. The patient
scores on the Patient Satisfaction Questionnaire were analyzed
using the Mann–Whitney U test. P values less than .05 were
considered statistically significant. All statistical analyses were
executed in GraphPad Prism version 9.0.1 (GraphPad software
Inc., San Diego, CA).
3. Results

Among the patients with acute tendon injury who underwent
tenorrhaphy (n=106), 25 patients were enrolled in the study: 13
in the case group and 12 in the control group. Eighty-one patients
were excluded from this study: 76 patients did not meet the
inclusion criteria and 5 patients were lost to follow-up at 12
months.
Ten (76.69%) patients from the case group and 9 (75.00%)

patients from the control group were males, no significant
difference was found (P value> .999). The mean age was similar
in both groups (44.15±6.04years in the case group and 44.58±
9.09years in the control group). The most common mechanism
of injury was deep laceration by sharp objects such as broken
glasses, cooking knife, and cutting knife used for suicidal attempt.
The demographics of the patients including zone of injury, the
location of injury in terms of finger and tendon, and mechanism
of injury are described in Table 1.
One case of postoperative infection involving mild redness and

discharge was recorded in each group, and the symptoms
subsided soon after oral antibiotic medications were provided.
Wound disruption was observed in 1 patient in the case group
and 2 in the control group; all healed spontaneously without
additional surgical intervention. Neither re-rupture nor nerve
injury-related complications were reported in either group.
Postoperative functional outcomes evaluated at 12months

from tendon repair surgery showed total scores based on Buck-
Gramcko II criteria of 14.38±1.71 in the case group and 13.08±
1.82 in the control group, a significant difference (P value
= .0485). In the classification using Buck-Gramcko II criteria, the
range of movement was excellent in 2 patients (15.38%) in the



Table 1

Patient demographics.

Total Case group Control group P value

Age 44.36 (±7.49) 44.15 (±6.04) 44.58 (±9.09) .631 (NS)
Sex 25 13 12 >.999 (NS)
Male 19 10 (76.69%) 9 (75%)
Female 6 3 (23.08%) 3 (25%)

Mechanism of injury .786 (NS)
Deep laceration 13 6 (46.15%) 7 (58.33%)
Crushing injury 9 5 (38.46%) 4 (33.33%)
Penetrating injury 3 2 (15.38%) 1 (8.33%)

Injured zone .405 (NS)
Zone III 9 (36%) 4 (30.77%) 5 (41.67%)
Zone IV 12 (40%) 7 (53.85%) 5 (41.67%)
Zone V 3 (12%) 2 (15.38%) 2 (16.67%)

Injured finger .816(NS)
Index 8 (32%) 5 (38.46%) 4 (33.33%)
Middle 6 (24%) 4 (30.77%) 2 (16.67%)
Ring 5 (20%) 2 (15.38%) 3 (25.00%)
Little 4 (16%) 2 (15.38%) 2 (16.67%)

Injured tendons .216 (NS)
FDS 17 (36%) 7 (53.85%) 10 (83.33%)
FDS+FDP 8 (40%) 6 (46.15%) 2 (16.67%)

FDP = flexor digitorum profundus, FDS = flexor digitorum superficialis, NS = no significance.
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case group and in none of the control group; very good in 8
(61.53%), the case group and 5 (41.67%), the control group;
good in 3 (23.06%), the case group and 7 (58.33%), the control
group (Table 2 and Fig. 1A and B).
Patient-reported outcomes were significantly different, 8.38±

1.44 in the case group and 7.08±1.58 in the control group (P
value= .0309) as shown in Table 2 and Figure 1C. All patients
had no limitation on activities of daily life.
According to the number of injured tendons, the functional

outcomes by total scores based on Buck-Gramcko II criteria and
patient scores on the Patient Satisfaction Questionnaire were
investigated. There were no significant differences in functional
outcome and patient satisfaction between patients with flexor
digitorum superficialis injury and those with combined flexor
digitorum superficialis/flexor digitorum profundus injury (Table 3).
Table 2

Functional outcomes.

Case group

Score using Buck-Gramcko II criteria 14.38 (±1.71)
Free nail palm crease distance 5.69 (±0.48)
Total extension deficit 2.85 (±0.38)
Modified total active motion 5.84 (±1.28)

Classification using Buck-Gramcko II criteria
Excellent 2 (15.38%)
Very good 8 (61.53%)
Good 3 (23.08%)
Fair _
Poor _

Patient Satisfaction Questionnaire 8.38 (±1.44)
Postoperative complication
Infection 1
Wound disruption 1
Re-rupture 0

NS = no significance.
∗ indicates statistically significant.
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4. Discussion
The risk factors that increase the incidence of postoperative
adhesions after flexor tendon repair are associated with the
immobilization following excision of the synovial sheath. The
more severe the damage to the synovial sheath is (especially in the
cases with 3mm or more of the sheath gap), the more severe the
adhesion occurs.Corrections not found on the server[17] Various
available options for preventing peritendinous adhesions have
been introduced: suture technique, pharmacological agents
regulating inflammatory response or remodeling of tissue, and
mechanical barriers placed between the tendons and proliferating
tissue for maintaining a gliding surface (Fig. 3).[4]

Advancement of surgical techniques for preventing peritendi-
nous adhesions focused on the number of suture strands and the
amount of friction energy exerted at the ruptured section of the
Control group P value

13.08 (±1.82) .0485(∗)
5.58 (±0.67)
2.50 (±0.77)
5.16 (±1.74)

.1189 (NS)
_

5 (41.67%)
7 (58.33%)

_
_

7.08 (±1.44) .0309 (∗)
_

1
2
0
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Figure 1. Functional outcomes at 12months after surgery. (A) Total scores using the Buck-Gramcko II criteria were recorded at 14.38±1.71 in the case group and
13.08±1.82 in the control group (P value= .0485). (B) In the classification using Buck-Gramcko II criteria, the range of movement score was excellent in 2 patients
(15.38%) in the case group and none in the control group, very good in 8 (61.53%) patients in the case group and 5 (41.67%) in the control group, and good in 3
(23.06%) in the case group and 7 (58.33%) in the control group. (C) Patient scores on the Patient Satisfaction Questionnaire were significantly different, at 8.38±
1.44 in the case group and 7.08±1.58 in the control group (P= .0309).
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tendon. Though 2-strand repair has been widely used, 4-, 6-, and
8-strand repair techniques are preferred to reduce adhesion
nowadays because the latter enables early rehabilitation.[18–22] A
high-friction suture technique and repair of the tendon sheath
together do not contribute to enhance the gliding function of the
tendon in vitro.[22] However, due to the paucity of clinical
studies, the effectiveness of preventing adhesions has not been
clearly proven in the clinical setting.[23] Moreover, advanced
techniques using a multistranded manner could not completely
prevent postoperative adhesions cover the residual tendon sheath
defect.[22]

Non-steroidal anti-inflammatory drugs are the most popular
pharmacological agents for preventing peritendinous adhesions
and reducing peritendinous fibroplasias by inhibiting the
metabolism of arachidonic acid and pro-inflammatory agents.
In addition, these drugs help reduce postoperative adhe-
sions.[24,25] Hyaluronic acid (HA) was considered to have no
significant effect in postoperative total active motion in a
prospective, double-blind, randomized, and controlled clinical
Figure 2. A 51-year-old male patient with a second FDP and FDS tendon injury
at the Zone III flexor tendon level. (A) Clinical photograph showing repaired FDP
and FDS tendons during surgery with a core suture in the 4-strand double
modified Kessler technique and peripheral sutures in the continuous running
suture technique. (B) Porcine ADM was applied to the repaired tendon using a
wrapping method. ADM = acellular dermal matrix, FDP = flexor digitorum
profundus, FDS = flexor digitorum superficialis.
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trial.[26] Five-fluorouracil and transforming growth factor beta
inhibitor, which modulate fibroblast activity and reduce the
response of transforming growth factor beta 1,[8,27] improve the
range ofmotion after flexor tendon repair. However, the evidence
is further required in order to utilize as the treatment option.[28]

Physical barriers, such as a biocompatible and diffusible
membrane acting as a tendon sheath and creation of intra-
synovial environments, have been applied to secure a gliding
surface by separating the repaired tendon from the surrounding
tissue. The classic barrier is a microporous synthetic material
made of expanded polytetrafluoroethylene.[9] Recently, non-
steroidal anti-inflammatory drugs-combined physical barriers,
and mitomycin-C-combined physical barriers have been reported
to lower postoperative adhesion.[7,17,29] Moreover, the tissue
engineering processes used to develop the various synthetic
physical barriers enhancing biocompatibility are evolving these
days. Ibuprofen-loaded HA nanofibrous membranes[10]; multi-
functional, electrospun antibacterial core-shell nanofibrous
membranes[30]; and dual crosslinked HA nanofibrous mem-
branes[11] are the good examples known.
Since synthetic matrices used as physical barriers cannot

perfectly replicate the natural extracellular matrix, several
researchers have preferred autogenous tissue, allograft, or
xenograft as physical barriers due to the limitation of synthetic
Table 3

Functional outcomes by injured tendons.

FDS
injury

FDS/FDP
combined
injury

P
value

Patients number 17 8
Score using Buck-Gramcko II criteria 13.852 (±1.54) 13.63 (±1.76) .788 (NS)
Classification using Buck-Gramcko II

criteria
_

Excellent 2 (11.76%) _
Very good 7 (41.18%) 5 (62.50%)
Good 8 (47.10%) 3 (37.50%)
Fair _ _
Poor _ _

Patient Satisfaction Questionnaire 7.71 (±1.69) 7.88 (±1.08) .803 (NS)

FDP = flexor digitorum profundus, FDS = flexor digitorum superficialis, NS = No significance.



Figure 3. A 44-year-old male patient had a third FDP and FDS tendon injury at
the Zone IV flexor tendon level. (A) This clinical photograph shows repaired FDP
and FDS tendons covered with porcine ADM using a wrapping method. (B) The
black arrow indicates the repaired tendon, and the white arrow indicates the
blood-tinged applied porcine ADM. ADM = acellular dermal matrix, FDP =
flexor digitorum profundus, FDS = flexor digitorum superficialis.
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barriers in promoting tendon healing.[31] In addition to the
traditionally used fascia lata patch grafts and autogenous free
sheaths,[4] the use of collagen or ADM which promotes tendon
healing and supplements the surrounding structure is increas-
ing.[13,32] In this study, for repair of injury of the flexor tendon
Zones III, IV, and V, the porcine ADM Insuregraf was used as a
physical barrier to confirm improvement in long-term functional
outcome after surgery compared to a control group.
As an ADM, Insuregraf is a 3-dimensional matrix composed of

native, intact collagen derived from porcine skin to promote
migration of cells and vascularization, supporting dermal
regeneration.[4] Considering that porcine-derived dermal matrix
has proven superior mechanical strength compared to bovine
collagen matrix or human dermis,[33,34] application of Insuregraf
as a adhesion barrier between the tendon and surrounding tissues
can provide a gliding surface, reduce adhesions between the
tendon and surrounding tissues, and improve long-term
functional outcome. The pathophysiologic mechanism of
ADM was engraftment of dermal matrix by revascularization
from the vascular tissue around the repaired tendon, creating a
gliding surface. In cases of full-thickness burn wounds, the
porcine ADM increases the expression of healing-promoting
factors such as PCNA, integrin-B1, K-19, and PDGF. The effect is
highest on the third to fifth day in terms of wound healing, when
collagen deposition most actively takes place in. This indicates
that ADMs most actively progress on the third to fifth days after
application.[35] Based on the pathophysiology, the porcine ADM
could generate barrier tissue andmimic the natural tendon sheath
with passive physical therapy from ADM engraftment on the
surrounding tissue and can promote active tissue regeneration.
These all encourage earlier initiation of physical rehabilitation
thus leading to better functional outcome. As a result, it is
favorable to apply ADM over the ruptured tendon accompanied
with the deficiency of soft tissue such as crushing and avulsive
injuries.[36]

Because Zone II flexor tendon injuries, the most common hand
injury, are more complicated compared to those in other zones,
many studies have focused on preventing postoperative adhe-
sions and improving surgical outcome. Anatomically narrow
5

spaces and complex structures called “no man’s land” lead to the
higher rate of complications.[37,38] In this study, we suggest to use
the artificial ADM as a physical barrier for flexor tendon injury in
Zones III, IV, and V. In flexor tendon injury in Zone III, IV, or V,
the incidence of postoperative adhesions is relatively low, but
previous studies have not revealed the methods for preventing
postoperative adhesion. In this study, we mainly concentrated at
Zone III, IV, or V flexor tendon injury because its less complex
anatomy, compared to Zone II injury, could enable easier
correlation between the use of ADMs and reduced postoperative
adhesions in cases of single-tendon rupture, minimizing the bias
of other factors that could affect functional outcome. This allows
our results to be widely applicable to injuries in any other zones.
One limitation of this study was the small number of patients.

Even though the results demonstrated statistically significant
differences, further studies with the large number of populations
are needed. Nevertheless, through this randomized controlled
study, it is confirmed that the use of porcine ADMs as a physical
barrier is related to excellent functional outcome compared to
the control group. As described above, the porcine ADM has
mechanical and histological superiority to the bovine ADM and
human ADM: no special storage or handling is required.
However, an additional study comparing the human-derived,
bovine-derived, and porcine-derived ADM and their impacts on
functional outcomes must be conducted in the future.
Also, it estimated that the cost of surgery with ADM increases

slightly by 15%, which is partially covered by the national
insurance system in South Korea. However, in order to accurately
evaluate the cost effectiveness, it is necessary to consider the cost
reduction effect through reducing complication and lowering the
incidence of re-operation due to postoperative adhesion.
Although the sample size of this study is not so large, from the
results of this study, we could assume that the cost-effectiveness
will be agreeable in terms of total cost for revisional operation
and postoperative rehabilitation. In addition, the cost effective-
ness could be verified by conducting further large-scale study that
can prove beneficial effects of the ADM.
5. Conclusion

In this study, the beneficial effects of using ADM as an anti-
adhesive barrier in patients with an injured Zones III, IV, and/or
V flexor tendon was confirmed to improve the long-term
functional outcomes after surgery compared to the control
group. Based on the results, we suggest the application of ADM
when repairing flexor tendons is a favorable option for
preventing postoperative peritendinous adhesions in the hand.
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