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Background: The most essential part of arthroscopic shoulder surgery is tying a secure knot. A knot should be a low profile, nonbulky, and
more stable construct. In the present research, we have compared the biomechanical performance of the new sliding locking knot-the Banarji
knot, with two different sliding locking knots: The Samsung Medical Centre (SMC) Knot and the Weston Knot. Methods: Two samples of
arthroscopic sliding locking knot, Banarji knot with three and five half hitches were taken. They were named Banarji Knots 1 and 2 in the study.
The SMC Knot and Weston Knot were taken for comparison with the Banarji Knot. All knots were prepared with high-strength suture material
fiber wire (Arthrex, Naples, FL, USA) and were tested in Bose Testing Machine to evaluate the load to failure of knots taken in the research.
The statistical significance was determined using a P = 0.05. Results: The maximum load to failure was higher with the Banarji Knot, and it
showed significantly better performance when compared with other knots taken in this study. The maximum load to failure in Banarji Knot 1
was 23% and 17% higher than SMC Knot and Weston groups, respectively, and that for Banarji Knot 2 was 29% and 22% higher than SMC
and Weston groups, respectively. Conclusion: The Banarji knot is a low-profile, stronger, and stable knot. The biomechanical properties of
the Banarji knot were better, and the load to failure was superior to SMC and Weston Knot.
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INTRODUCTION and given suture material. To prevent knot impingement, an
arthroscopic knot ought not to bulky, challenging to tie, or

Creating a stable framework for soft-tissue healing to bone . .
time-consuming.[®

is often necessary during arthroscopic shoulder surgeries.
The most widely used fixation technique still necessitates the The security of the arthroscopic knot is essential for arthroscopic
tying of arthroscopic knots, despite the availability of many
alternatives.l! Procedures for arthroscopic repair depend on
the adoption of a secure knot-tying method. An initial sliding
knot, followed by a string of half hitches to seal the knot, is
often the first stage in the arthroscopic knot-tying process.?’ ~ The optimal arthroscopic knot must have minimum friction
According to their common properties, the various forms of  to facilitate sliding and minimal or no slack after the
arthroscopy knots that have been reported”* may be simply  knot. In addition, a low-profile knot might be preferable.
categorized. There are locking and nonlocking variations o gjgnificant features, such as application ease, ability to slide,

both types of arthroscopic knots, which may be categorized oo ducibility through arthroscopic cannulas, knot profile,
as sliding or nonsliding."!

surgery to provide successful outcomes.[” Orthopedic surgeons
still need to learn how to make arthroscopic knots, despite the
recent rise in the use of knotless suture anchors.®
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ease of lock setting, and dependable initial security, are
important for the outcome of arthroscopic rotator cuff repairs
and capsulolabral procedures.’

Aknot must have optimum characteristics for both knot security
and loop security to be useful.!'! An ideal lockable sliding knot
must be easy to use and should offer both excellent loop and
knot security.l'” Loop security refers to the tendency of the
knot to juxtapose soft tissue to the bone, whereas the surgeon
is tying the knot. The ability of a knot to prevent slippage is
known as knot security, which relies on friction dependent,
internal interference, and the space between throws.!'"! The
strength of the finished knot after it has been fastened with
three consecutive reversing half-hitch throws is referred to as
the knot security.'>' According to earlier research, sliding
knots need to be secured using 3—5 reversing half-hitch knots
on opposite posts.!'?!

Despite the variety of knots available, all successful knots

must satisfy 2 criteria.

*  The knot has to be correctly constructed to prevent the
suture from slipping and cutting into itself

*  Itmustbe simple to tighten to provide optimum strength.!®!

In this study, we have compared the biomechanical performance
of the arthroscopic “sliding locking knot,” Banarji Knot!'”! with
existing sliding locking arthroscopic knots: Samsung Medical
Centre (SMC) Knot and Weston Knot, by evaluating knot
security and load to failure strength.

MeTHoDS
Study design

The material we used was ultra-high molecular weight
polyethylene suture material (Arthrex, Naples, FL, USA)

fiber wire for the description of the knot and comparative
study. Poststrands are placed shorter and loop strands
longer to form the Banarji knot [Figure la-f]. On over
of the poststrand, a loop is made, A double loop is seen
once the loop strand is pulled through the post. Once both
suture strands have been pulled through the second loop,
the knot might be placed by pulling off the poststrand.
Pulling the poststrand completes advances, and secures
the knot while pulling the loop strand tightens it. The knot
is finally tightened with a knot pusher. The biomechanical
performance of the Banarji knot was compared with SMC
Knot and Weston knot. Two types of Banarji knot, with three
and five reversing half hitches, were used for the comparative
study, and they were mentioned as Banarji Knot-1 and
Banarji Knot-2, respectively. Five samples in each of these
knots were taken for the study.

The mechanical tests were performed at Biomechanics
Laboratory, Indian Institute of Science, Bengaluru, India,
by an independent investigator on a Bose Electro force®
3200 [Figure 2].

A single orthopedic surgeon carefully made each knot, taking
care to guarantee optimum loop and knot stability by removing
twists, minimizing slack between throws, as well as tensioning
the 2 suture limbs. Each knot was knotted with as much initial
stress as possible. The specimens were tested by soaking the
knots in saline for 5 min.["%!")

Biomechanical performance

Mechanical tests were performed on a Bose Electro force®
320014 (Bose Corp., USA) testing system equipped with
two L-shaped metal hooks on which suture loops were
mounted [Figure 2].

Figure 1: (a-f) Demonstration of Banarji knot
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Preload

To eliminate any slack, each suture loop was preloaded to SN
before testing. The top clamp was moved at 0.1 mm/s to stretch
the loop until failure.

Load to failure

The construct fails when any one of the following three criteria
is satisfied: (1) the knots open up, (2) the suture thread ruptures,
and (3) the loop length exceeds 3 mm.?” The load at failure
determines the load at the construct’s point of failure. In our
experiments, the knots did not open up, nor the suture thread
ruptured, and therefore using the third failure criterion, the
experiments were terminated when the change in the loop length
exceeded 3 mm. The loads were measured using a 220N load
cell, and the displacements (changes in the loop length) were
recorded at 20 Hz using the machine software.!'*?!1 The load value
when the loop length is increased by 3 mm is referred to as load
to failure. A total of 5 samples were tested for each of the four
groups. One-way “Analysis of Variance” with the Bonferroni
criterion has been performed to test for variations in the results.
A P=0.05 was applied to examine statistical significance.?”!

Figure 3 shows the load versus extension results for five
samples each in the groups corresponding to SMC Knot,
Weston Knot, Banarji Knot 1, and Banarji Knot 2. Each sample
is indicated using a different color. The average load to failure
was obtained for each of the knots in the different groups in
the study and was used to compare the overall strengths of
the different groups.

Figure 4 shows the mean + standard deviation of the
experimentally obtained load to failure in each of the different
groups in this study. Banarji Knots 1 and 2 showed statistically
significant differences in the measured values of maximum load
to failure when evaluated to SMC and Weston knots [Table 1].

ResuLts

The results show significantly better performance with Banarji
Knots 1 and 2 when compared to conventionally used knots.

3 »Clamp

Surgical Knot

¢
L- Load Coll

!xi

Figure 2: Bose electro force 3200 testing machine showing testing of
the knot

The maximum load to failure in Banarji Knot 1 was 23% and
17% higher than SMC and Weston groups respectively and
that for Banarji Knot 2 was 29% and 22% higher than SMC
and Weston groups, respectively. Load to failure and tensile
strength were good with the Banarji knot when compared to
other knots used.

Discussion

One of the most crucial elements in determining the
success of surgery is the arthroscopic knot.['>2022] The
critical properties of arthroscopic knots to preserve tissue
apposition have been determined by many biomechanical
investigations.?*?*! These aspects include the inherent
qualities of the suture as well as the security of the loop
and knot. For the best results of arthroscopic rotator cuff
surgery, loop and knot security have been highlighted
in several research.?'! We assessed the maximal force
at 3 mm of crosshead movement as a measure of knot
security, indicating a clinical failure. Numerous studies
have shown that the idea of knot security is a crucial fixation
characteristic for a range of arthroscopic knots.!"?!! In
addition, the knot’s capacity to resist loosening over time
is crucial because tissue tension has to be maintained until
appropriate healing has occurred. Additional crucial factors
are the time required to make the knot and how simple it is
to operate inside the joint and cannula used.**

The maintenance of the structural integrity of the treatment site
while healing takes place is a crucial factor in musculoskeletal
injuries and surgical repair. Even if the knotted suture never
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Figure 3: Load versus extension results for five samples of different knots
taken. SMC Knot, Weston Knot, Banarji Knot 1 and 2. SMC: Samsung
medical centre
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Figure 4: Load to failure of four knots, taken. SMC: Samsung medical
centre

Table 1: Result of load-to-failure of each knot
configuration

SMC knot Weston Banarji Banarji
knot knot 1 knot 2
Load to 63.47£10.97  66.91%4.79  78.14+6.55  81.91+5.04

failure (n)
SMC: Samsung Medical Centre

breaks, a separation of the tissue of even a few millimeters
might be harmful during recovery.™

The integrity of a repair construct depends on a surgeon’s skill
and expertise, regardless of knot or suture creation. Therefore,
while creating an arthroscopic knot, it is crucial to take these
aspects into account to eliminate such technical variances.
Given the large range of alternatives available for arthroscopic
knot tying, it is crucial to keep the following factors in mind
to achieve the best results. The best arthroscopic sliding knot
should fulfill the following five requirements: (1) It should
be low profile, (2) It should be easy to throw, (3) It must
slide well, (4) It must be easy to set, and (5) It must possess
outstanding initial security and holding power.[*%]

The Banarji Knot is a kind of sliding locking knot that may
be tied during arthroscopic procedures. It may provide
biomechanical dependability and is less reliant on the skill or
expertise of the surgeon. This surgical knot’s dependability
was examined biomechanically in comparison to other widely
used arthroscopic sliding locking knots. The maximum load
to failure in Banarji Knots 1 and 2 were higher than SMC
and Weston Knot. Table 1 provides an overview of each
knot’s load to failure. The Banarji Knot could withstand high
tension when compared to SMC Knot and Weston Knot. It

has a lesser learning curve and is easily reproducible by the
surgeon. Once fastened, it keeps tension effectively and has
great knot security. It is extremely good for capsule labral
repairs since it is low profile and reasonably easy to tie. In
addition, a biomechanical analysis revealed that the Banarji
knot was more resistant to failure than the Weston and SMC
knots. The Banarji Knot is a fairly simple, double-locking, and
readily repeatable knot. Impingement is not a concern since
the knot is low-profile and does not generate a bulky knot. It
is biomechanically strong has good tensile strength, and high
load to failure. The loop strand goes through two loops, making
it stronger and raising its tensile strength after it is tightened
and secured at different points.

ConcLusioN

The arthroscopic sliding locking knot-the Banarji knot is
simple, easy to tie, relatively less bulky, safe, and stronger,
which makes it suitable for most arthroscopic repairs. The
biomechanical properties of the Banarji knot are better when
compared to SMC and Weston Knot. We are certain that
this knot will assist surgeons in reaching improved clinical
outcomes.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Lo IK, Burkhart SS, Chan KC, Athanasiou K. Arthroscopic knots:
Determining the optimal balance of loop security and knot security.
Arthroscopy 2004;20:489-502.

2. Mochizuki Y, Hachisuka H, Natsu K, Kashiwagi K, Yasunaga Y,
Ochi M. The HU knot: A new sliding knot for arthroscopic surgery.
Arthroscopy 2005;21:1014.

3. De Beer JF, van Rooyen K, Boezaart AP. Nicky’s knot — A new slip knot
for arthroscopic surgery. Arthroscopy 1998;14:109-10.

4. Delimar D. A secure arthroscopic knot. Arthroscopy 1996;12:345-7.

5. Nottage WM, Lieurance RK. Arthroscopic knot typing techniques.
Arthroscopy 1999;15:515-21.

6. Yiannakopoulos CK, Hiotis I, Antonogiannakis E. The triad knot: A new
sliding self-locking knot. Arthroscopy 2005;21:899.

7. Kuptniratsaikul S, Promsang T, Kongrukgreatiyos K. The chula knot:
A new sliding locking knot with a special property. Arthrosc Tech
2014;3:¢465-7.

8. Parada SA, Shaw KA, Eichinger JK, Boykin NT, Gloystein DM,
Ledford CL, et al. The wiese knot: A sliding-locking arthroscopic knot.
Arthrosc Tech 2017;6:¢21-4.

9. Kim H, Ha KI. The SMC knot — A new slip knot with locking mechanism
seung. J Arthrosc Relat Surg 2000;16:563-5.

10. Laupattarakasem W, Laupattarakasem P. The sliding, interlocking
“8-2-alphaknot” for arthroscopic surgery. Arthrosc Tech 2016;5:¢857-63.

11. Corey CS, Wenger K, Johnson CP, Parada MS. Loop and knot security
of a novel arthroscopic sliding-locking knot using high-strength sutures.
J Orthop 2018;15:980-3.

12. Dahl KA, Patton DJ, Dai Q, Wongworawat MD. Biomechanical
characteristics of 9 arthroscopic knots. Arthroscopy 2010;26:813-8.

13. Kim SH, Glaser D, Doan J, Chung SW, Choi HY, Oh JH, et al. Loop
securities of arthroscopic sliding-knot techniques when the suture loop
is not evenly tensioned. Arthroscopy 2013;29:1380-6.

14. Westberg SE, Acklin YP, Hoxha S, Ayranci C, Adeeb S, Bouliane M.

.Journal of Arthroscopy and Joint Surgery | Volume 11 | Issue 1 | January-March 2024




8L+AWAOANDMMNEeAAIAVO/FONEIDVIASALLIAIPO0AEIEAHIOI/ADAU

MY TXOMADYOINXZOHISABZIYTCN+eyNIOITWNOTZTARY HARSINAYE Aq sfel/woo:mm| sfeuinoly:dny woly papeojumoq

¥202/¥2/T0 uo

Vinoth, et al.: The Banarji knot and its biomechanical comparison

Is suture comparable to wire for cerclage fixation? A biomechanical
analysis. Shoulder Elbow 2019;11:225-32.

. Kim SH, Yoo JC, Wang JH, Choi KW, Bae TS, Lee CY. Arthroscopic

sliding knot: How many additional half-hitches are really needed?
Arthroscopy 2005;21:405-11.

. Alberta FG, Mazzocca AD, Cole BJ, Romeo AA. Arthroscopic knot

tying. Arthroscopy 1998;14:773-6.

. Banarji BH, Vinoth A. A new arthroscopic sliding locking knot: Banarji

knot. J Arthrosc Surg Sports Med 2022;3:62-3.

. Kim SH, Ha KI, Kim SH, Kim JS. Significance of the internal locking

mechanism for loop security enhancement in the arthroscopic knot.
Arthroscopy 2001;17:850-5.

. Mahar AT, Moezzi DM, Serra-Hsu F, Pedowitz RA. Comparison and

performance characteristics of 3 different knots when tied with 2 suture
materials used for shoulder arthroscopy. Arthroscopy 2006;22:614.e1-2.

20.

21.

22.

23.

24.

Rolla PR, Surace MF. The double-twist knot: A new arthroscopic sliding
knot. Arthroscopy 2002;18:815-20.

Burkhart SS, Wirth MA, Simonich M, Salem D, Lanctot D,
Athanasiou K. Knot security in simple sliding knots and its relationship
to rotator cuff repair: How secure must the knot be? Arthroscopy
2000;16:202-7.

Kuptniratsaikul S, Weerawit P, Kongrukgreatiyos K, Promsang T.
Biomechanical comparison of four sliding knots and three high-strength
sutures: Loop security is much different between each combination.
J Orthop Res 2016;34:1804-7.

Lee TQ, Matsuura PA, Fogolin RP, Lin AC, Kim D, McMahon PJ.
Arthroscopic suture tying: A comparison of knot types and suture
materials. Arthroscopy 2001;17:348-52.

Pallia CS. The PC knot: A secure and satisfying arthroscopic slip knot.
Arthroscopy 2003;19:558-60.

Journal of Arthroscopy and Joint Surgery | Volume 11 | Issue 1 | January-March 2024 -




