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Objective: While the utility of 16mm and 18 mm diameter tubular-retractors in the management
of prolapsed intervertebral-disc is well-established, there is no published literature on the use of 
14 mm tube. The aim of this study is to retrospectively analyze the feasibility and outcomes of 
discectomy performed through a 14 mm diameter tube in comparison with 16 mm and 18 mm 
diameter tubes. Methods: Groups A, B and C consisting of the first 40 operated patients with 
symptomatic lumbar disc herniation using 18 mm, 16 mm and 14 mm tubes respectively be-
tween July-2007 and April-2018 were evaluated for VAS (leg pain) and ODI and followed 
up at 1 week, 6 weeks, 3 months, 6 months and 1-year intervals. Results: The mean age in 
Groups A, B and C was 45.3 years (16-78), 47.15 years (20-78) and 42.15 years (17-65) res- 
pectively. The mean VAS in Group A, B and C improved from 7.89, 8.15 and 8.2 to 2.53, 2.4 
and 2.34 respectively. The ODI in Groups A, B and C improved from 58.5, 56.4, 54.4 to 28.5, 
25.6 and 22.4 respectively. The operative time and blood loss in Groups A, B and C were 106.9±
44.9, 74±19.45 and 53.37±12.26 min and 54.75±21.11 mL, 47.5±11.03 mL and 43.75±6.86 mL 
respectively (p<0.0001). There were 8 complications in Group A, 4 in Group B and 2 in Group 
C. Conclusion: In experienced hands there was a favourable trend with regards to operative 
feasibility, surgical time, surgical outcomes and complication rates with decreasing diameters 
of the tubular-retractor.
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INTRODUCTION

Minimally invasive spine surgery is a well-established concept 
in the management of lumbar disc herniation. Tubular micro-dis-
cectomy9) and micro-endoscopic discectomy3) are techniques 
where discectomy is performed through tubular ports with the 
aid of a microscope or an endoscope respectively. While 16 mm 
and 18 mm diameter tubular retractors are the most frequently 
and popularly utilized ports, there is no published literature on 
the use of 14 mm tubular retractor in the management of lumbar 
disc herniation. In the study the authors discuss the feasibility 
and outcomes of discectomy performed through a 14 mm tubular 
retractor and compare the outcomes with cases performed 
through 16 mm and 18 mm tubular retractors.

MATERIALS AND METHODS

1. Patients

This was a retrospective study of a prospectively collected 
data. Institutional review board approval was taken. The data 
of all patients who underwent tubular discectomy from July 
2007 to April 2018 were analysed. The senior author initiated 
tubular discectomies with 18 mm tubular retractor in July 2007 
and then evolved to 16 mm in October 2011. Use of 14 mm tube 
commenced from September 2017. The first 40 patients operated 
using 18 mm, 16 mm and 14 mm tube were included in the study 
and divided into three groups: Group A, Group B and Group 
C respectively (Table 1). The indication was lower limb radicular 
pain with MRI evidence of herniated nucleus pulposus and failure 
of conservative treatment of at least 6-weeks duration. Exclusion 
criteria was co-existing instability. The MRI films were reviewed 
to determine the level, size and location of the herniated frag- 
ments. Intra-operatively, the estimated blood loss, size of the in- 
cision, technical challenges and complications confronted were 
noted. VAS (Visual Analogue Scale) for leg pain, ODI (Oswestry 
Disability Index) and MacNab criteria were evaluated as outcome 
measures. Patients were followed up at intervals of 1 week, 
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Table 1. Patient characteristics and pathology

 AGE SEX PATOLOGY(†)

 A B C A B C A B C

 1 23 25 34 M F M PC PC PC

 2 18 32 43 M M F PC PC PC

 3 32 42 55 F F M PC PC PC

 4 34 34 46 F M M PC PC PC

 5 43 35 22 M M F PC PC PC

 6 55 52 56 F F M PC PC PC

 7 46 55 69 F M M PC PC PC

 8 45 46 66 F M F PC EF PC

 9 56 34 34 M F F C PC PC

10 69 43 43 F F F PC PC PC

11 66 55 55 M F M PC PC PC

12 56 46 46 M M M PC EF PC

13 49 45 45 F F M PC PC PC

14 43 56 33 M F M PC PC EF

15 45 69 66 M F F PC PC PC

16 53 66 56 F M F PC PC PC

17 45 69 49 F F M EF PC PC

18 59 66 32 F M F PC PC PC

19 49 56 32 M M M PC PC PC

20 41 49 29 M F M PC PC PC

21 49 43 34 M M F PC C PC

22 43 45 34 M F M PC PC PC

23 37 53 40 F M M PC PC PC

24 44 33 27 F M F PC PC PC

25 39 59 46 F F F PC C PC

26 46 49 45 M F F C PC PC

27 48 18 45 M F M PC EF PC

28 29 32 53 F F F PC PC PC

29 46 34 33 F M F PC PC PC

30 20 43 59 F F F PC PC PC

31 48 55 22 M M F PC PC PC

32 62 46 18 F M F PC EF PC

33 39 45 32 M F F PC PC PC

34 55 66 34 M M M EF PC PC

35 46 66 43 F F F PC PC PC

36 44 56 49 F M M PC C PC

37 40 49 41 F M M PC PC PC

38 59 32 49 F M F C PC PC

39 44 45 43 M M F PC PC PC

40 48 29 27 F F F PC PC PC
†PC: Paracentral disc herniation; C: Central disc herniation; 
EF: Extra-foraminal disc herniation.

Fig. 1. Graph describing the trend of operative time in 18 mm,
16 mm & 14 mm tubes.

Fig. 2. Graph describing the trend of blood loss in 18 mm, 
16 mm & 14 mm tubes.

6 weeks, 3 months, 6 months and 1 year. 2. Statistical Analysis

The quantitative variables were compared using t-test and 
the qualitative variables were compared using chi-square test. 
A p-value of <0.05 was considered significant.

RESULTS

The age, pre-operative VAS and ODI were comparable in all 
three groups of patients. However, the difference in the post- 
operative outcomes was statistically significant between the 
three groups. The improvement in VAS and ODI were statisti- 
cally significant in all the three groups. The operative time and 
blood loss in Groups A, B and C were 106.9±44.9, 74±19.45 and 
53.37±12.26 min and 54.75±21.11 mL, 47.5±11.03 mL and 43.75± 
6.86 mL respectively. As experience grew, there was a propor-
tionate decrease in the mean operative time and blood loss 
with decreasing diameters of the tube. The operative time and 
the blood loss reached a plateau after the 17th case (Table 2) 
(Figs. 1, 2, 3). The complication rate was also less in the 14 mm 
group. In Group A, dural tear was the most common complication, 
occurring in 4 out of 40 patients, followed by wound related 
problems. In Group B and C, a residual disc was the commonest 
complication, requiring revision surgery. Also, one patient in 
both Groups B and C, required conversion to a larger tube 
intra-operatively (Fig. 3). Dural tear was reported in one patient 
each in Groups B and C. Evaluation based on MacNab criteria 
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Fig. 3. Complications in 18 mm, 16 mm & 14 mm tubes.

Table 3. Working corridor in commonly used tubes

Diameter of the tube (mm) Cross sectional area/work corridor (mm2) Difference from next tube (mm2)

22 380.13  

20  314.159 65.98

18 254.47 59.68

16 201.06 53.41

14 153.97 47.09

Table 2. Outcomes comparison between 18 mm, 16 mm, 14 mm tubes

Outcomes Group A (18 mm) Group B (16 mm) Group C (14 mm) p-value

Age (yrs)   45.3±15.65 46.875±12.35  42.15±12.97 f-ratio -1.24,   p-value  0.29

Preoperative VAS  7.89±0.82 8.15±0.7   8.2±0.64 f-ratio  1.97872, p-value  0.142845

Postoperative VAS 2.53±0.5   2.4±0.49   1.9±0.63 f-ratio 14.55224, p-value <0.00001

Preoperative ODI  58.5±4.83 58.05±4.23  56.4±4.13 f-ratio  2.49661, p-value  0.086743

Postoperative ODI  25.1±3.17  24.6±2.18  22.4±2.97 f-ratio 10.4298,  p-value  0.000068

Operative time (mins)  106.9±44.49    74±19.45  53.37±12.26 f-ratio 34.91854, p-value <0.00001

Blood Loss (mL)  54.75±21.11   47.5±11.03 43.75±6.86 f-ratio  6.14208, p-value  0.002907.

Complications      8      4     2  

MacNab Criteria Excellent-36
Good-4

Excellent-37
Good-3

Excellent-38
Good-2

 

showed ‘excellent’ surgical outcome in 36 patients and ‘good’ 
surgical outcome in 4 patients respectively in Group A, ‘excellent’ 
outcome in 37 patients and ‘good’ outcome in 3 patients in Group 
B, ‘excellent’ outcome in 38 patients and ‘good’ outcome in 
2 patients in Group C. The 4 patients in Group A that did not 
have an ‘excellent’ surgical outcome were those with dural tears. 
The 2 patients in Group B and 1 patient in Group C who had 
only a ‘good’ outcome were cases of residual disc herniation. 

DISCUSSION

Tubular retractor system is being increasingly employed for 
decompression of spinal pathologies10). Lumbar disc herniations 
are usually excised through 16 and 18 mm diameter tubular re-

tractors world-wide. The benefits include minimal muscle dam-
age, negligible blood loss, short hospital stay, minimal post-ope- 
rative back pain and discomfort, better cosmesis and faster 
recovery2,4,6-8,11). With increasing experience of dealing with com-
plex pathologies utilizing the tubular retractors, the authors 
envisaged to incorporate 14 mm diameter tubular retractor to 
perform lumbar discectomies. The feasibility and outcomes of 
using a 14 mm tube have not been addressed in the literature. 
The improvement in the VAS, ODI as well as the surgical outcomes 
according to MacNab’s criteria in this series justifies the feasibility 
of 14 mm tube based approach in performing lumbar tubular 
micro-discectomies. It is worthwhile to note that as the diameter 
of the tube decreases, the corridor available to work also ex-
ponentially decreases (Table 3). Where the working area in the 
18 mm and 16 mm tubes is 254 mm2 and 201 mm2 respectively, 
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Fig. 5. Final size of scar at two weeks follow up.

Fig. 4. Ⓐ Localization of level and infiltration of local anaesthetic agent, Ⓑ Insertion of serial
dilators and Ⓒ Docking of 14mm tubular retractor using flexible arm.

the working area in 14 mm tube is only 154 mm2 which is about 
40% less than 18 mm tube and 23% less as compared to 16 mm 
tube. The improvement in ODI and VAS scores being better 
in Group C than in Group A and B may be due to the fact 
that the author is proficient with the use of the tubular retractor 
system. The author’s experience with 16 and 18 mm tubular 
retractors for more than a decade served as a learning ground 
to acquire skills to accomplish the goals of surgery through 
the narrow corridors of the 14 mm diameter tube. For the be-
ginners, initial training in larger diameter tubes may be pertinent. 
Confidence gained in identifying structures and surgical skills 
acquired by operating through larger tubular retractors will 
lay the foundation for the use of 14 mm tube. The power drill 
(burr) used in the procedure has a cross-sectional area of 28.27 
sq-mm (Aesculap) and the commonly used suction tips of 3 mm 
and 4 mm have cross-sectional areas of 7.06 sq-mm and 12.56 
sq-mm, respectively. Technically, the insertion and employment 
of the above mentioned necessary instruments, rongeurs and 
especially the bipolar cautery through narrow corridors is ex-
tremely challenging. In particular, it is difficult to visualise the 
anatomy and use the suction tips as well as the ronguers at 
the same time. The suggestion to overcome this challenge is 
to use thinner suction tips and slender bipolar cautery forceps. 
Another critical point with the use of 14 mm tube is precise 
targeting of the location of the pathology. Since the tube is 
extremely narrow, any miscalculation with localisation can be 
unforgiving. A thorough pre-operative planning based on the 
radiographs as well as the MRI films to localise the site of the 
herniation guides in docking the tubular retractor at the right 
spot. This is applicable when one is dealing with caudal and 
cranially migrated disc herniation, as well as extra-foraminal 
herniation. However, in spite of some initial difficulties in the 
first few cases, we surmounted the initial learning curve of 
the 14 mm tube and were able to accomplish the objective 
in all cases. Only one patient did not improve favourably, probably 
secondary to a residual fragment left behind. Re-operation using 
a 16 mm tube after a week relieved the pain. However, the 
issue was unrelated to the size of the tubular retractor, the 
16 mm tube being used more as a safeguard. In the context of 
comparison of the techniques, if the same degree of decompre- 
ssion and symptom relief can be achieved with lesser tissue 
trauma and morbidity, then the technique which is most mini- 
mally invasive would qualify to be adopted1,5). In view of this, 

the use of 14 mm tubular retractor in skilled hands is justified 
(Figs. 4, 5). However, there are certain limitations of the study. 
The results described at 1 year are relatively short and may 
require a long term follow-up. Secondly, since it is a retrospec- 
tive study, there is a potential for selection bias. Lastly, the 
experiences are of a single surgeon and cannot be extrapolated 
to every surgeon.

CONCLUSION

A 14 mm diameter tube achieves the goals of surgery with 
minimal trauma, smaller incision, minimal operative time and 
blood loss. In experienced hands there is an improving trend 
in surgical time, operative comfort and complication rate with 
decreasing diameters of the tubular retractor.
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