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 25	

Abstract 26	

 27	

Objective: 28	

To identify the most commonly tied finger trap sutures (FTS), determine whether these 29	

patterns behave differently using mechanical testing, and ascertain which were most 30	

secure. Secondarily, to establish whether the number of repeats performed affected the 31	

FTS behavior. 32	

 33	

Study Design: 34	

Questionnaire and experimental study. 35	

 36	

Methods: 37	

Six commonly used FTS methods (A-F) were identified from literature review and 38	

questionnaire. Mechanical testing of patterns using 3 metric nylon suture and 18 French 39	

polyurethane esophagostomy tubing was performed. The effect of altering the number of 40	

repeats (2, 4 and 8 repeats) along the tube was investigated using 2 patterns (B and D). 41	

Samples were loaded to failure under continuous distraction. Displacement and force data 42	

were measured and failure mode was video recorded.  43	

 44	

Results: 45	



	

Patterns E and F were susceptible to slipping (p<0.001). Patterns A and D were stiffer 46	

than pattern E, and patterns A-D were stiffer than pattern F (p=0.012). Patterns A and B 47	

had less extension than pattern E and F, and patterns A-D had less extension than pattern 48	

F (p=0.002). 87.5% of FTS failed by breaking at the first suture knot. The number of 49	

repeats had no effect on FTS performance.  50	

 51	

Conclusions: 52	

The mechanical behavior of suture-tube constructs and failure mode is affected by the 53	

FTS pattern. Patterns E and F are not advocated due to suture slippage. The number of 54	

repeats may not affect the FTS performance. Overall, patterns B, C and D performed the 55	

best using this methodology. Further study using different tube and suture constructs is 56	

warranted. 57	

 58	

 59	

 60	

 61	

 62	

 63	

 64	

 65	

 66	

 67	

 68	



	

Introduction 69	

 70	

Finger trap sutures (FTS) are constructs that are commonly used to secure temporary 71	

tubes and catheters to the skin and prevent dislodgement. 1 They are designed to tighten 72	

as tension is applied, ideally providing security without constricting the tube lumen. 2 The 73	

FTS has also been referred to as the Chinese FTS, 1, 2, 3, 4, 5, 6 Roman sandal suture 7, 8, 9 or 74	

Roman garter suture. 10 Alternative methods to secure tubes such as adhesive tape and 75	

circumferential sutures are less effective. 1 76	

 77	

Multiple different techniques for tying FTS have been reported 1, 2, 4, 6, 7 but these 78	

descriptions have been unclear and it is is not known which is the most effective 79	

technique. It is self evident that secure tube placement is fundamentally important. 80	

Complications resulting from failure of tube fastening include premature displacement, 81	

tube kinking, obstruction and tube migration. 2, 8, 11, 12, 13, 14 Gastrostomy, enterostomy or 82	

thoracostomy tube disruption can result in peritonitis 12 or pneumothorax respectively. 13  83	

One study reported thoracostomy tube complications in 22% of cases, including a dog 84	

with fatal pneumothorax. 13 Replacing dislodged catheters and tubes increases patient 85	

morbidity, treatment cost, is time consuming 1 and often requires a general anaesthetic. 14 86	

 87	

FTS have been compared with other suture types, for example Song et al. 2 compared the 88	

failure mode of the Chinese FTS and 4 simple interrupted friction sutures. The FTS was 89	

quicker to place and had a longer mean displacement to failure compared to the friction 90	

suture when undergoing axial loading. 2 Ricker et al. 15 reported no significant difference 91	



	

between 3 patterns of FTS, using 2 different types of catheter material and 2 different 92	

suture materials. 15 The study suggested that the surface characteristics of a tube alters the 93	

coefficient of friction between tube and suture, and the ability of the arms of the FTS to 94	

slide over each other at suture intersections affected the ability of the suture to grip the 95	

tube. However, there were no clear reasons to select the FTS patterns investigated and 96	

multiple variables were altered making it challenging to draw firm conclusions. Finally 97	

the materials used in the study were not materials commonly used in current clinical 98	

practice (e.g. braided nylon and narrow 5 French diameter tubing).  99	

 100	

The aims of this study were to determine which patterns are most frequently tied by 101	

surgeons using a questionnaire, and then to determine whether a particular pattern 102	

outperformed the others using distraction to failure mechanical testing to mimic the tube 103	

being accidentally pulled or intentionally disrupted by the patient. We wished to design a 104	

study comparing relevant materials commonly used in veterinary patients for the most 105	

frequent indications to secure a tube. We hypothesised that some FTS patterns would 106	

perform better than others (e.g. resist greater loads and resist slipping) and aimed to 107	

publish clear guidelines for tying the best performing patterns.  108	

 109	

 110	

 111	

 112	

 113	

 114	



	

Materials and methods 115	

 116	

A questionnaire was circulated by the Association of Veterinary Soft Tissue Surgeons 117	

and the Veterinary Society of Surgical Oncology to member veterinary surgeons, 118	

including ECVS and ACVS diploma holders, asking them to describe their preferred 119	

method, uses of, and complications they have experienced with FTS (Appendix 1). The 120	

term ‘square knot’ was defined as a single throw, followed by a second throw in the 121	

opposite direction. 4 A ‘surgeons’ throw’ was defined as a double throw. The term 122	

‘surgeons’ knot’ was defined as a double throw (or surgeons’ throw), followed by a 123	

single throw in the opposite direction. 4  124	

 125	

Part 1: Comparison of suture patterns 126	

The 6 most common FTS patterns were identified by literature review (Patterns A 1, D 2 127	

and E 6) and questionnaire (Patterns B, C and F) (Appendix 2). Twelve sutures were tied 128	

for each of the 6 patterns using 3 metric nylon suture (EthilonTM; Ethicon, Johnson & 129	

Johnson Medical Limited, Wokingham, UK).  All sutures were tied using a two-handed 130	

technique by the same investigator (KP). A suture loop was created around a 5mm 131	

diameter steel cylinder (representing the skin attachment of the FTS) and a square knot 132	

created leaving suture ends of equal length. The suture ends were then tied around a 133	

20cm length, 18 French diameter dedicated esophagostomy polyurethane tubing 134	

(Esophagostomy tube E1380, MILA International, Inc., Erlanger, Kentucky). Each throw 135	

or knot was tightened to slightly indent the tube but not occlude the lumen. For all suture 136	



	

patterns, there were a total of 6 repeats (number of throws or knots along the top surface 137	

of the tube).  138	

 139	

Part 2: Comparison of number of repeats 140	

Testing of patterns B and D using 2, 4 and 8 repeats was also performed (n=8 for 2, 4 and 141	

8 repeats for each pattern; total = 48 constructs).  142	

 143	

Samples were held between 2 mounted grips in a materials testing machine (Instron 3367; 144	

Instron, High Wycombe, UK). A 6cm section of the tubing was fixed in the clamp at the 145	

top of the machine and the suture loop beginning the FTS was secured to a grip at the 146	

bottom of the machine. A ruler was positioned adjacent to the suture construct. The 147	

distance between the 2 grips was adjusted to hold the suture construct taut with minimal 148	

force (Fig 1). The samples were loaded to failure through axial loading, with a continuous 149	

distraction force at a rate of 6mm/min. Experiments were video recorded for analysis. 150	

Displacement and force data was measured using computer and data acquisition software 151	

(Bluehill 3; Instron, High Wycombe, UK). Variables recorded were maximum load to 152	

failure (N), energy at failure (J) and extension at maximum load (mm). Suture slippage of 153	

the first knot of the FTS and failure mode was measured by analyzing the video 154	

recordings. Load extension graphs were plotted and stiffness was calculated using the 155	

gradient of the linear aspect of the graphs. Failure mode was recorded as suture slippage 156	

if the suture slid over the tube more than 40mm. The location of suture breakage was 157	

recorded. 158	

 159	



	

Statistical analysis 160	

Data was recorded as mean ± the standard error of the mean. Statistical analysis was 161	

performed using SPSS for Windows (version 21; IBM SPSS Statistics, Chicago). A one-162	

way ANOVA was used to compare values of load at failure, energy at failure and 163	

extension at maximum load between the six methods with post-hoc least significance 164	

difference (LSD) analysis performed where p<0.05. A two-way repeated measures 165	

ANOVA was used for part 2 (comparison of the number of repeats).  166	

 167	

 168	

 169	

 170	

 171	

 172	

 173	

 174	

 175	

 176	

 177	

 178	

 179	

 180	

 181	

 182	



	

Results 183	

 184	

Twenty-seven questionnaires were returned. The most common uses of FTS described 185	

were to secure feeding tubes (n=25), chest drains (n=22), abdominal drains (n=21) and 186	

wound drains (n=9). Other uses mentioned were to secure cystostomy tubes (n=2), nasal 187	

oxygen tubes (n=2) and urinary catheters (n=2). The most frequent complications 188	

reported are shown in Table 1, with the majority of surgeons being concerned about tube 189	

displacement or removal, suture breaking or loosening and infection at the tube entry site.  190	

 191	

Nine methods of tying FTS were described (Table 2). One was discounted since it was 192	

not a self-constricting dynamic suture. Two methods were excluded because they were 193	

only described once. Six methods were investigated (Fig 2). The most popular methods 194	

were Pattern A (n=8/27) and Pattern D (n=7/27). 195	

 196	

Part 1: Comparison of suture patterns 197	

There was no difference between suture patterns for maximum load to failure (p=0.51) or 198	

energy at failure (p=0.052). Patterns A, B, C and D had less suture slippage than E and F 199	

(p<0.001, Fig 3). Patterns A and D were stiffer than pattern E. Patterns A, B, C and D 200	

were stiffer than F (p=0.012, Fig 4). Less extension was recorded for patterns A and B  201	

compared with pattern E and F. Pattern F had more extension than patterns A, B, C and D 202	

(p=0.002, Fig 5). The majority (87.5%) of FTS failed by breaking at the suture knot 203	

representing the skin attachment (n=63/72). The FTS slipped over the tube with patterns 204	

E (n=4/72) and F (n=5/72) (p=0.03). 205	



	

 206	

Part 2: Comparison of number of repeats 207	

There was no significant effect of repeat number on the maximum load to failure (Fig 6), 208	

energy at failure, suture slippage (Fig 7), extension or stiffness. Almost all (99%) of the 209	

FTS failed by breaking of the suture at the first knot representing the skin suture, 210	

(n=45/46); only Pattern B had one example where the suture slipped over the tube. 211	

 212	

 213	

 214	

 215	

 216	

 217	

 218	

 219	

 220	

 221	

 222	

 223	

 224	

 225	

 226	

 227	

 228	



	

Discussion 229	

 230	

We were able to determine the FTS methods currently used by surgeons responding to 231	

our questionnaire and mechanically compare the most commonly used methods. Patterns 232	

A, B, C and D had similar experimental mechanical performance. Patterns E and F did 233	

not perform as well as the other patterns due to suture slippage and therefore increased 234	

extension. In the second experiment the number of repeats had no effect on the 235	

mechanical behavior of the 2 suture patterns tested. The majority of constructs failed by 236	

the suture breaking at the first knot rather than by slipping of the tube through the FTS. 237	

This implies that the chosen suture pattern may be less important than the material 238	

properties of the suture, except where the pattern is more susceptible to slipping (patterns 239	

E and F). 240	

 241	

The optimal stiffness of a FTS construct is unknown and may be of limited clinical 242	

relevance. Ideally, suture materials should be flexible enough to facilitate placement and 243	

knot tying, 16 but have a suitable stiffness to avoid stretching under physiological load. 17 244	

 245	

In a previous report, 2 the authors speculated that tube securing techniques with a high 246	

peak axial force or larger displacement to failure were more secure. Failure was defined 247	

as the first sign of suture slippage, suture breakage or tube breakage. Another study set a 248	

failure limit of 100mm distraction. 15 The term displacement, distraction and/or extension 249	

refer to the amount a material is stretched when a load is applied during mechanical 250	

testing experiments. For a FTS pattern, this variable is quite complex as it is altered by a 251	



	

combination of the suture material and tube material properties. There is no defined 252	

acceptable extension of a FTS construct and as such we felt that suture slippage would be 253	

a more appropriate variable to assess because slipping of a tube through an anchoring 254	

construct is undesirable. However, it is unclear how much tube displacement or slippage 255	

through a FTS might be considered practically relevant. We set a maximum suture 256	

slippage of 40mm before defining failure by suture slippage which is more stringent than 257	

previous reports since we felt it was more clinically applicable. Also, observation of the 258	

video footage showed that sutures failing to grip for 40mm all continued to slip until the 259	

entire length of the tube pulled through the FTS. 260	

 261	

We found that as a consequence of the suture having throws on opposite sides of the 262	

tubes in patterns E and F, the suture did not lie adjacent to the tube wall and we suspect 263	

could not create adequate friction and grip the tube as it was pulled. We also found that 264	

when tying patterns E and F it was difficult to maintain tension along the entire pattern, 265	

and we speculate that this contributed to the inferior performance of patterns E and F. 266	

Whilst surgeon experience tying these constructs over several years could mitigate this 267	

problem, we should not dismiss these findings based on conjecture and instead rely on the 268	

objective mechanical performance results of this study. As such, we recommend that 269	

patterns E and F should not be used for securing indwelling tubes.  270	

 271	

Patterns B and D were selected when comparing the effect of different numbers of 272	

repeats along the tubes on the mechanical behavior of the constructs because they had 273	

performed consistently well in the first part of the study. We found there was no 274	



	

difference in the mean slippage of the patterns as a result of altering the number of 275	

repeats. However, two of the constructs with 2 repeats failed by massive slippage and we 276	

suggest that patterns with a minimum number of 4 repeats should be used for greater 277	

reliability. 278	

 279	

We chose monofilament nylon as it is commonly used to suture skin incisions and secure 280	

tubes. Investigation of absorbable multifilament materials to create FTS has been 281	

performed 15 but we did not feel that this would be useful. Multifilament materials 282	

degrade, can wick fluid and bacteria, and monofilament non-absorbable suture is the 283	

material of choice when placing extracorporeal anchoring constructs for tubes. 1, 2 Three 284	

metric material was chosen as a commonly used clinical diameter. 1, 2, 15 We used 18 285	

French diameter custom manufactured polyurethane esophagostomy feeding tubes. 286	

Polyurethane tubing is a commonly used material for indwelling tubes and the group of 287	

surgeons that responded to our questionnaire frequently used FTS to secure feeding tubes. 288	

In a previous investigation of suture anchoring techniques 2 tube diameters of 8 French 289	

(jejunostomy), 20 French (gastrostomy) and 24 French (thoracostomy) tubing were used. 290	

That study found that the smaller 8 French diameter tubing was more prone to tube 291	

breakage than tube slippage or suture breakage. Ricker et al. 15 tested infrequently used 5 292	

French diameter tubing and found that all the polypropylene tubes failed by deformation 293	

because the tube was too small. 294	

 295	

Most of our suture constructs failed by breaking at the first knot, which is similar to other 296	

studies where sutures were anchored in the skin of cadavers 2 or leather pieces 15 rather 297	



	

than a direct attachment to the base of the materials testing machine. In those reports, 298	

none of the sutures pulled out of the skin or leather. Therefore we removed this additional 299	

variable to allow a more robust comparison between different suture patterns. When a 300	

suture material is knotted, it can be weakened by 10-40% 18 due to shear stresses that 301	

exist at the point between the loop and the first throw of the knot. 19, 20 Logically, any 302	

pattern capable of resisting significant slipping of the tube through the FTS may therefore 303	

be an acceptable choice in a clinical environment if the first knot is the weak point. 304	

However, if no negative factors result from selecting the pattern that resists the greatest 305	

load to failure in mechanical tests, nothing is lost by choosing the strongest construct to 306	

maximize resistance to tube pullout. On analysis of the video recordings, the 307	

esophagostomy tubing occasionally kinked just prior to suture failure, but this did not 308	

lead to plastic deformation and luminal occlusion.  309	

 310	

Forces other than axial distraction may be exerted on FTS in the clinical setting, but these 311	

have not been investigated. Axial loading represents a situation where a sudden force is 312	

applied to the tube. For example, the patient pulling on the tube or the tube getting caught 313	

on something. Cyclical loading, cadaveric or live animal studies may provide further 314	

information on the mechanism of suture failure.  315	

 316	

There is no literature defining the optimal force when tightening a FTS to achieve slight 317	

indentation of the tube. One would expect this to vary depending on tube material and 318	

diameter. We did not use a uniform force when tightening the FTS throws and knots, 319	

which may have ensured greater consistency between our constructs. However, the same 320	



	

board certified surgeon with several years of experience tying FTS was used to minimize 321	

variability between constructs. Further investigation would be necessary to determine 322	

differences between surgeons.  323	

   324	

Our data cannot be extrapolated to consider different tube and sutures materials, 325	

diameters or clinical performance in vivo. Measures should always be taken to monitor 326	

indwelling tubes secured by FTS, and avoid patients from interfering with the system, 327	

such as Elizabethan collars, bandaging and tube care.  328	

 329	

This study provides clear descriptions of how to tie several FTS patterns currently used 330	

by veterinary surgeons using clinically relevant suture and tubing materials. We are the 331	

first study to find that different FTS patterns affect the mechanical characteristics and 332	

failure mode of the constructs. We do not advocate using patterns E and F due to the risk 333	

of suture slipping. The number of repeats may not affect performance of a FTS. Overall, 334	

patterns B, C and D performed the best using this methodology. Further study using 335	

different tube and suture constructs is warranted. Surgeons should be aware that the 336	

method of tying FTS affects the mechanical behavior of the constructs and failure mode. 337	

 338	

 339	

 340	

 341	

 342	

 343	
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Figure Legends 458	



	

 459	



	

Figure 1: Experimental apparatus. The sample is held in mounted grips on the Instron 460	

machine with a ruler adjacent to the construct. 461	

 462	
Figure 2: Finger trap suture patterns A-F each with 6 repetitions. A full description of 463	

these patterns can be found in Appendix 2. 464	

  = 2 x square knots 465	

  = Surgeons knot 466	

 = Criss cross 467	

 = Single throw 468	

  = Double throw 469	

 = Tube 470	



	

 471	
Figure 3: Suture slippage for the 6 finger trap suture patterns. Patterns with the same 472	

letter are not statistically different from one another (p>0.05). 473	

 474	
Figure 4: Stiffness for the 6 finger trap suture patterns. Patterns with the same letter are 475	

not statistically different from one another (p>0.05). 476	



	

 477	
Figure 5: Extension for the 6 finger trap suture patterns. Patterns with the same letter are 478	

not statistically different from one another (p>0.05). 479	

 480	
Figure 6: Maximum load to failure for the number of repeats for finger trap suture pattern 481	

B and D. No statistical difference found. 482	



	

 483	
Figure 7: Suture slippage for the number of repeats for finger trap suture pattern B and D. 484	

No statistical difference found.  485	
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 500	

 501	

 502	

Table 1: Questionnaire results – complications 503	

 504	

Complication Number 

Infection at tube entry site 13 

Gradual tube displacement 10 

Suture loosening 10 

Suture breaking 9 

Premature tube removal 7 

Patient interference 6 

Tube blockage 5 

Pneumothorax 2 

Loss of seal at drain skin entry 1 

Skin irritation at skin suture 1 

None 1 

 505	

 506	

 507	

 508	

 509	

 510	



	

 511	

 512	

 513	

Table 2: Questionnaire results – methods 514	

 515	

Number 

(pattern) 

Method Total number  

1 (D) Double throw and criss-cross alternated 8 

2 (A) Knot and criss-cross alternated 7 

3 (B) Single throw and criss-cross alternated 3 

4 (F) Double throw and single throws alternated 2 

5 (C) Double throw, criss-cross, then single throw 

with criss-cross alternated 

2 

6 (E) Single throw both sides 2 

7 Square knot and single throw alternated 1 

8 Surgeons knot and double throw alternated 1 

9 Tape placed as butterfly around drain & 

sutured to skin 

1 

Total  27 
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