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Abstract. The current approach to flexor tendon injuries 
is complex and is no longer limited to suturing techniques. 
Strategies for improving hand function currently include 
rehabilitation protocols, appropriate suturing materials and 
techniques, changing the gliding surface by using lubricants 
and providing growth factors. One product, originally used in 
spinal surgery, has been shown to be effective in preventing 
postoperative adhesions. It is a combination of carboxymeth‑
ylcellulose and polyethylene oxide‑Dynavisc® (FzioMed, Inc.). 
The aim of the present study was to test the effect of Dynavisc® 
on acute injuries of the intrasynovial flexor tendons in the 
prevention of postoperative adhesions and the improvement of 
functional results. The study was performed on 20 Wistar rats 
distributed in two groups. The control group, represented by 
10 rats, in which after the reconstruction of the flexor tendon, 
the peritendinous area was injected with saline solution and 
the study group, in which the peritendinous area was injected 
with a single administration of the lubricating gel, Dynavisc® 
(carboxymethylcellulose and polyethylene oxide). At 4 and 

12 weeks, the rats were sacrificed and tissue biopsy consisted 
of tendon fragments and adjacent tissue. The evaluation of the 
results was performed by measuring the adhesion score and 
observing histological parameters. The presence of important 
adhesions was found in the control group compared with the 
group treated with Dynavisc®, where a supple and smooth 
tendon, with significantly fewer adhesions were found. The 
differences between the two groups were significant, thus indi‑
cating the efficiency of the lubricant in preventing adhesions. 
This study supported the important role of Dynavisc® in the 
regeneration of the tendon and the peritendinous structures, 
by limiting aberrant fibrous proliferation in the regeneration 
process and helping to build a peritendinous space.

Introduction

The current approach to flexor tendon injuries is complex and 
is no longer limited to suturing techniques (1). A retrospective 
study performed in the United States over a 10 year period 
estimates that the incidence of acute flexor tendon injury is 
~33.2/100,000 individuals per year (2). Tendons heal through a 
combination of two mechanisms: Intrinsic and extrinsic. Both 
follow similar stages to other tissues including inflammation 
lasting 48‑72 h, fibroblast proliferation, collagen production for 
3‑4 weeks, and remodeling involving cross‑linking and reduc‑
tion of type III collagen with fiber reorientation (3). Extrinsic 
healing is characterized by rapid influx of fibroblasts from the 
peritendinous tissues, which favors the formation of adhesions, 
and intrinsic healing occurs through fibroblasts originating in 
the endotendon, without the formation of adhesions and which 
by early mobilization stimulates the synovial pumps, with a 
higher resistance on the suture line (4).

The most difficult tendon injury is zone II in which the 
adhesions of the flexor tendon radically influence the function 
of the hand. In zone II, located from the metacarpo‑phalangeal 
joint to the base of the middle phalanx, is a narrow osteofi‑
brous canal through which the two flexor tendons of the fingers 
pass. Tendon repair in this area predisposes to the formation of 

Improving flexor tendon gliding by using the combination of 
carboxymethylcellulose‑polyethylene oxide on murine model

ANDREEA MIOARA CORDUNEANU‑LUCA1,  SORIN AURELIAN PASCA2*,  
CAMELIA TAMAS3,  DAN CRISTIAN MORARU3*,  BOGDAN CIUNTU4,  CRISTINA STANESCU5,  

IRINA HRENIUC‑JEMNOSCHI3,  ANGELA TECUCEANU3*  and  TEODOR STAMATE3

1Department of Plastic Surgery, ‘Sf Ioan’ Children's Hospital, 800487 Galati; 2Department of Veterinary Pathology,  
Faculty of Veterinary Medicine, ‘Ion Ionescu de la Brad’ University of Agricultural Sciences and Veterinary Medicine,  

700490 Iasi; Departments of 3Plastic Surgery and 4General Surgery, Faculty of Medicine, ‘Grigore T. Popa’  
University of Medicine and Pharmacy, 700115 Iasi; 5Department of Morphological and Functional Sciences,  

Faculty of Medicine and Pharmacy, ‘Dunarea de Jos’ University, 800216 Galati, Romania

Received September 14, 2021;  Accepted October 14, 2021

DOI: 10.3892/etm.2021.11028

Correspondence to: Dr Bogdan Ciuntu, Department of General 
Surgery, Faculty of Medicine, ‘Grigore T. Popa’ University of 
Medicine and Pharmacy, 16 Universitatii Street, 700115 Iasi, 
Romania
E‑mail: bogdan‑mihnea.ciuntu@umfiasi.ro

Dr Camelia Tamas, Department of Plastic Surgery, Faculty of 
Medicine, ‘Grigore T. Popa’ University of Medicine and Pharmacy, 
16 Universitatii Street, 700115 Iasi, Romania
E‑mail: camelia.tamas@umfiasi.ro

*Contributed equally

Key words: flexor tendon, adhesions, carboxymethylcellulose and 
polyethylene oxide, lubricant, gliding



CORDUNEANU-LUCA et al:  FLEXOR TENDON GLIDING USING CARBOXYMETHYLCELLULOSE-POLYETHYLENE OXIDE2

adhesions, as well as the appearance of diastasis (a weakening 
of the sutures with the removal of the tendon ends and not a 
complete rupture of them) or rupture. All this can compromise 
the postoperative functional result (5).

Strategies to improve hand function currently include 
postoperative rehabilitation protocols, appropriate suturing 
materials and techniques, changing the gliding surface by 
using lubricants and providing growth factors (4). Primary 
repair is indicated because secondary interventions involve 
difficult dissection of the vascular and nervous elements 
surrounded by fibrosis (6). When choosing a type of suture it 
must meet certain conditions, including: i) Be easy to perform; 
ii) reduce tendon manipulation; iii) minimize the amount of 
foreign material on the surface of the tendon; and iv) ensure 
sufficient strength for early mobilization (6). Regarding the 
manipulation of the biological environment, it has been studied 
on experimental models at the cellular, molecular and genetic 
levels, but they do not yet have large‑scale clinical applica‑
bility, as described in a previous study by Evans (7). Reducing 
the abrasion resistance by modifying the exogenous surface 
can be achieved by applying lubricants, such as hyaluronic 
acid, lubricin and phospholipids (8‑11).

Lubricin is a unique proteoglycan found in the fluid that 
lubricates the surface of intrasynovial tendons and it has been 
used in combination with hyaluronic acid to prevent synovial 
cell overgrowth. When used alone and not in combination with 
hyaluronic acid there were found to be no significant differ‑
ences in adhesion prevention (12,13).

The effects of hyaluronic acid on adhesions that form in 
the digital channel after reconstruction have been tested since 
the 1980s, when St Onge et al (14) applied a paste based on 
sodium hyaluronate to the repaired deep flexor tendon of 
fingers in monkeys. They compared the functional results with 
the control group to which saline was applied and found an 
improvement in total active motion in the studied group (14). 
The disadvantage regarding the application of hyaluronic acid 
on tendons is its rapid degradation by the body (~7 days), thus 
it requires repeated injection (15).

Another product, originally used in spinal surgery, has been 
shown to be effective in preventing postoperative adhesions. It 
is a combination of carboxymethylcellulose and polyethylene 
oxide‑Dynavisc® (FzioMed, Inc.). It is a transparent, synthetic, 
pure gel that does not contain animal proteins and does not 
interfere with tissue healing unlike other compounds of animal 
origin (16‑18). This gel has proven its effectiveness especially 
in spinal surgery and neurolysis (surgical mobilization of the 
adherent nerve) (19‑23) and has not been used in acute tendon 
injuries, opening up a research perspective in this regard. The 
aim of the present study was to test the effect of Dynavisc® 
on acute injuries of the intrasynovial flexor tendons in the 
prevention of postoperative adhesions and the improvement of 
functional results.

Materials and methods

Ethical approval. This study was approved by the Ethics 
Commission of ‘Grigore T. Popa’ University of Medicine and 
Pharmacy (Iasi, Romania; approval no. 20311/26.09.2019) in 
compliance with ethical and deontological rules for medical 
and research practice (24).

Experimental conditions. The experimental study was 
performed on 20 adult male Wistar laboratory rats (age, 
6 months) provided from the Romanian National Institute of 
Research, weighing 300‑350 g distributed in two groups. The 
housing conditions were as follows: i) Temperature average, 
21˚C; ii) humidity, 46‑65%; and iii) light/dark cycle, 12/12 h. 
Each animal had acces to food and water, and was kept in their 
own cage on the first postoperative day.

The control group, represented by 10 rats, in which after 
the reconstruction of the flexor tendon, the peritendinous area 
was injected with saline solution and the experimental group, 
in which the peritendinous area was injected with a single 
administration of lubricating gel, Dynavisc® (carboxymeth‑
ylcellulose and polyethylene oxide). A total of five subjects 
from each group were sacrificed at 4 and 12 weeks when a 
biopsy was taken from the operated tendon. The evaluation 
of the results was performed by measuring the adhesion score 
(presence of peritendinous conjunctival hyperplasias marked 
with none, one, two or three +) and by observing histological 
parameters.

Operative protocol. General anesthesia was performed 
preceded by intramuscular sedation. Xylazine (2%) was 
used for sedation (0.1  µg/100  g animal), then ketamine 
(1 mg/ml‑0.1 µg/100 g animal) was injected every 10‑15 min.

All substances were injected intramusculary on the thigh 
opposite the operated limb. In addition, for postoperative pain 
control, bupivacaine (0.3 µg/animal) was administered topi‑
cally at a single dose to each experimental animal.

The animals were placed in a prone position and one of the 
hind limbs was disinfected with Betadine and then isolated with 
a sterile field. A longitudinal incision was made in the radius of 
finger three from the base to the tip of the finger with the exposure 
of the deep flexor tendon. Under magnification the flexor tendon 
and pulleys were sectioned, and then sutured with 9‑0 thread 
using the modified Kessler technique (25) augmented with an 
epitendinous suture (Fig. 1). In the control group, the perilesional 
area and the digital osteo‑fibrous canal were injected with 0.9% 
saline and in the experimental group, rats were injected with 
Dynavisc® (0.05 ml each tendon). The lubricant was injected 
through a catheter. Then, the skin was sutured with 7‑0 thread 
and a hydrofilm foil was applied to protect the wound.

Histology. At 4 and 12 weeks, the rats were sacrificed by an 
overdose of anesthetic. Halothane (1‑5 ml/30‑150 g) was used 
in a 50 ml tube with some tissue to absorb easily and the head 
was placed inside the tube. The rats were placed in a closed 
chamber for 10 min.

Tissue biopsy consisted of tendon fragments and adjacent 
tissue. Immediately after harvesting, the tissue fragments were 
fixed in 10% neutral buffered formalin solution for 48 h at room 
temperature, then processed by paraffin embedding method 
(Leica TP1020; Leica Microsystems GmbH) and sectioned 
longitudinally (microtome RM 2235; Leica Microsystems 
GmbH), to a thickness of 5 µm. The sections were stained 
using Masson's stain at room temperature and examined with 
a photonic microscope (Leica DM 1000; Leica Microsystems 
GmbH), using a digital histological camera (Leica 5 mpx, full 
HD; Leica Microsystems GmbH) and LAS software, version 
2016 (Leica Microsystems GmbH) to capture images. Tendon 
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healing was assessed by using the following indicators: i) The 
degree of proliferation of local tenocytes and fibroblasts; ii) the 
synthesis of collagen fibers in the perimeter of the tendon (actual 

regeneration of the tendon); iii) the presence of peritendinous 
conjunctival hyperplasia (fibrous adhesions); and iv) the presence 
of peritendinous space with the restoration of the external sheath 
of the tendon (epitenon) and the peritendinous synovial sheath.

Statistical analysis. For statistical analysis SPSS software 
version 19 (Statistical Packages for the Social Sciences), 
was used. The incidence of tendon rupture and the score of 
adhesions were calculated using the Fisher's exact test. The 
quantitative data are presented as the mean ± SD (the presence 
of microscopic adhesions). P<0.05 was considered to indicate 
a statistically significant difference.

Results

Clinical observation. In the control group a single rupture 
at 12 weeks and two tendons with diastasis at 4 weeks were 
recorded, while in the experimental group treated with 
Dynavisc®, three rats with diastasis (two in the 12 weeks group) 
and a single rupture in the group of 12 weeks were identified 
(Table I). The Fisher's exact test showed no significant differ‑
ences between the two groups (P=0.871).

At the time of the biopsy, from an observational point of 
view, the presence of important adhesions were found in the 
control group, with infiltration of the tendon and adjacent 
tissues, which made it difficult to perform the biopsy, and a 
rough, opaque tendon with a low degree of mobility. In the 
experimental group, the presence of a supple and smooth 
tendon, with significantly less adhesions, was observed (Fig. 2).

Histology. From a histological point of view, in both groups, at 
4 and 12 weeks, no notable differences were observed in terms 
of the actual recovery of the tendon. Notable fibrosis in the peri‑
tendinous tissue was noted in the control group compared with 
the experimental group. The presence of adhesions was notably 
lower in the experimental group, where a higher regeneration 
process was observed, characterized by much lower fibrous 
synechiae, which was absent in some animals, with the formation 
of a peritendinous fibrous tunnel, as a synovial sheath (Fig. 3).

Regarding frequency distribution of adhesions, the mean 
was 2.6 in the experimental group with a slight right‑handed 
distribution compared with the control group where the mean 
was 2 with a right‑tailed distribution (Fig. 4).

Discussion

Over the years, there have been numerous attempts to improve 
flexor tendon gliding and avoid complications by improving 
suturing techniques and recovery therapy (26). Despite these 
efforts, Strickland reported that between 30 and 40% heal 
through adhesions formation, which limits finger function (26). 
Wong et al (27) described the mechanism of adhesion forma‑
tion on murine model and found that although intrasynovial 
tendons heal like a classic wound through inflamation, prolif‑
eration, synthesis and apoptosis, the greatest cellular activity 
is in the surrounding tissue where substantial scarring appears 
between tendon and the surrounding sheath (28).

If in the past only the surgical technique was given special 
importance, the current concepts also include the manipulation 
of the biological and biochemical environment to improve the 

Figure 1. Intraoperative aspect. (A) Tendon cut and (B) suture with (C) appli‑
cation of lubricant. 
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response in intrinsic repair and diminish extrinsic healing as 
well as efforts to reduce frictional resistance of the tendon (28). 
Several adjuvants have been used to find the answer for rapid 
recovery after tendon surgery in experimental studies, but 
at present no human trials have been conducted (29). These 
adjuvants can be grouped in two categories: Drugs and barriers. 
The most popular drugs that have been invesigated include 

non‑steroidal anti‑inflammatory medications, 5‑Fluorouracil, 
transforming growth factor β inhibitors and lubricin. Among 
the barriers, the hyaluronic acid membrane, hydroxyapatite and 
bovine pericardia have been investigated the most (30‑32).

Flexor tendons are intrasynovial tendons with a surface 
covered with a lubricating fluid that ensures the gliding in the 
narrow digital channel of the fingers, decreasing the frictional 

Figure 2. Observational difference between the two groups. In the control group, a rough surface with adhesions around the repaired tendon was observed at 
(A) 4 and (C) 12 weeks, and a smooth surface with no fibrosis in the experimental group was observed at (B) 4 and (D) 12 weeks.

Table I. Presence of rupture and diastasis in the two groups.

	 Control group, n (%)	 Experimental group, n (%)
                                              ----------------------------------------------------------------------------------                                          ------------------------------------------------------------------------------------
Complications	 4 weeks (n=5)	 12 weeks (n=5)	 4 weeks (n=5)	 12 weeks (n=5)

Diastasis	 2 (20)	 0 (0)	 1 (10)	 2 (20)
Rupture	 0 (0)	 1 (10)	 0 (0)	 1 (10)

Data were analyzed with Fisher's exact test, differences were not significant.
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resistance between it and its sheath (33). Hagberg et al (34) studied 
the composition of fluid in the synovial sheath and found that it 
has a composition similar to the synovial fluid of the joints, being 
rich in hyaluronic acid with a role in lubrication and nutrition.

Hyaluronic acid has been shown to not influence tendon 
healing and not increase the risk of diastasis or rupture. 
This was proved by Özgenel and Etöz in a clinical study on 
22 patients and they concluded that repetitive injections of 
hyaluronic acid can improve clinical outcomes when compared 
with a single dose administration (35).

The combination of carboxymethylcellulose‑polyethylene 
oxide (Dynavisc®) has been shown to be safe and effective in 
spinal and abdominal surgery and does not interfere with tissue 
healing. This has been confirmed by both experimental and clin‑
ical studies that have demonstrated the role of the barrier (36,37). 

The product is not metabolized by the body as in the case of 
hyaluronic acid so no reinjection is required.

In the present study, the activation and proliferation of 
tenocytes and resident fibroblasts at both ends of the tendon 
and the synthesis of new connective tissue between its ends 
were noted in both groups, so Dynavisc® did not inhibit tendon 
healing. In the control group, conjunctival hyperplasia with a 
repairing role was more intense and at the same time aberrant, 
occurring on the surface of the epitenon, invading the adjacent 
anatomical structures, surrounding the peripheral nerves. The 
synovial sheath disappeared by welding its two sheets and 
the disappearance of the mesothelium (internal visceral and 
parietal epithelium). There was also a large epithelioid‑inflam‑
matory reaction around the sutures in the thickness of the 
tendon. In the experimental group treated with Dynavisc®, a 

Figure 3. Histological appearance in the two groups following staining with Masson's trichrome stain. (A and C) Control group showed tenocyte proliferation 
and collagenization (vicious fibrosis that led to the fusion of the tendon with adjacent structures‑conjunctival adhesions) and sequestration in the peritendinous 
connective mass of nerve fibers (arrow). (B and D) Experimental group showed fibroblast hyperplasia and epitenon fusion with peritendinous tissue (arrow), 
well‑formed peritendinous space, with the role of a restored synovial sheath. 
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superior regeneration process was observed, characterized by 
much smaller fibrous synechiae, which was absent in some 
animals, with the constitution of a peritendinous fibrous 
tunnel with the role of synovial sheath. There were also areas 
of fibrillar neogenesis from the epitenon, but smaller, in terms 
of fibrous spicules or thin fibrous clamps.

It has been suggested that some products used to prevent 
adhesions may interfere with scar reshaping and complications. 
In the current study, the statistical analysis showed no signifi‑
cant differences between the two groups, which indicated that 
Dynavisc® did not influence the occurrence of complications 
during surgery, in terms of tendon healing.

From a histological point of view, in the present study case, 
in both groups, both at 4 and 12 weeks, no notable differences 
were noticed in terms of the actual recovery of the tendon. 
However, significant fibrosis in the peritendinous tissue was 
observed in the control group, compared with the experimental 
group. The major differences were found at 12 weeks where, 
in the control group, aberrant peritendinous conjunctival 
hyperplasias were identified, with a fibrous block appearance, 
with welding the body of the tendon at the adjacent tissues, 
also tightening regional nerve fibers (peripheral nerves). The 
existence of a peritendinous space with the role of synovial 
sheath was not noticed. In the experimental group at 12 weeks, 
these adhesions were notably reduced compared with the 
control group, so the lubricant did not delay the remodeling of 
the tendon scar.

The results of the current study suggested that a lack 
of lubricant administration leads to a high presence of 
macroscopic and microscopic adhesions. To the best of our 
knowledge, there are no other studies evaluating the effect of 
Dynavisc® on the prevention of flexor tendon adhesions after 
primary repair, which is one of the strengths of the present 
study. In the future, this product could be tested in clinical 
practice, opening novel perspectives for improving tendon 
gliding after flexor tendon repair. The study has several limita‑
tions and in the future it could be improved by quantitative 
assays, particularly to evaluate the degree of proliferation of 
tenocytes and fibroblasts, and collagen synthesis. Also, this 
study did not include any biomechanical tests to evaluate the 
friction forces necessary to mobilize the tendon inside the 
digital canal, a parameter that can predict the limb function.

To conclude, biological approaches to prevent adhe‑
sion formation represent the future of acute flexor tendon 
surgery to obtain improved functional results. This study 
supported the important role of biological lubricant in the 
regeneration, not only of the tendon, but of the peritendi‑
nous structures, by limiting aberrant fibrous proliferation 
in the regeneration process and helping to build a periten‑
dinous space, which will later form a true synovial sheath. 
In conclusion Dynavisc® can be used safely in acute flexor 
tendon injuries.
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