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IntraMedullary nailing Versus EXternal ring fixation for the treatment of
tibial shaft fractures (IMVEX): a multicentre randomized controlled
clinical trial

By R. Stokholm, MD*, P. Larsen, PT, PhD, J. D. Rolfing, MD, PhD, J. Petruskevicius, MD, PhD,
M. K. Rasmussen, MD, S. S. Jensen, MD, and R. Elspe, MD, PhD**

Aims:

One of the most common patient-reported complaints following
intramedullary nailing (IMN) of tibial shaft fractures is ante-
rior knee pain reported by 10% to 80% of patients. The present
study aimed to compare the 12-month Knee injury and Osteo-
arthritis Outcome Score (KOOS) sport and recreation activities
subscale (sport/rec) scores after IMN with external ring fixation
(RF) to adult patients with tibial shaft fractures.

Methods:

This study was a pragmatic multicentre randomized, non-
blinded trial, with two-group parallel design. Included were
adult patients (aged =18 years) presenting with an acute tibial
shaft fracture deemed operable with an intramedullary nail. The
primary outcome was the KOOS sport/rec, ranging from 0
(worst score) to 100 (best score) at 12-month follow-up. Sec-
ondary outcomes included the Foot and Ankle Outcome Score
(FAOS), health-related quality of life assessed by EuroQol
five-dimension five-level health questionnaire, and pain scores.

Results:

A total of 67 patients were included in the study. In all, 33
patients were randomized to standard IMN and 34 patients to
RE. The mean age of the patients was 47.7 years (SD 19.2; 18
to 84) and 34% were female (n = 23). The primary analysis
revealed no statistically significant difference in KOOS sport/
rec between the IMN and RF groups at the 12-month follow-up
(adjusted mean difference —18.1 (95% CI —43.4 to 7.2); favour-
ing RF).

Conclusion:

No statistically significant differences in the KOOS sport/rec
were observed between RF and IMN at 12-month follow-up.
However, these results should be interpreted with caution, due
to high risk of a type II error.
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Table II. Primary and secondary patient-reported outcome measures and between-group comparison.

Outcome Mean (95% Cl) Mean difference (95% Cl)

IMN RF Crude Adjusted
KOOS Pain
6 wks 78.9 (73.1 to 84.8) 87.5(81.8t0 93.1) -8.5 (-16.7 to -0.4) -9.4 (-21.110 2.3)
3 mths 83.6 (77.6 to 89.6) 91.0 (85.2 to 96.7) -7.4(-15.6 t0 0.9) -7.9 (-19.7 t0 3.9)
6 mths 88.7 (82.8 to 94.6) 90.9 (85.1 to 96.6) -2.2(-10.4t0 6.0) -2.7 (-14.5 10 9.0)
12 mths 91.1(85.2 to 97.0) 90.8 (85.1 to 96.5) 0.4 (-7.8 t0 8.5) -0.4(-12.1t0 11.4)
KOOS Symptoms
6 wks 73.1 (67.5t0 78.8) 88.6 (83.2 t0 93.9) -15.5 (-23.3 to -7.6) -14.6 (-26.1 to -3.1)
3 mths 81.3(75.5to0 87.1) 85.7 (80.2t0 91.2) -4.4 (-12.4t0 3.5) -3.3(-14.810 8.2)
6 mths 89.0 (83.3 to 94.6) 89.9 (84.4t0 95.4) -0.9 (-8.810 6.9) 0.1(-11.3to0 11.6)
12 mths 90.4 (84.8 to 96.1) 90.3 (84.9 to 95.8) 0.1(-7.7 t0 7.9) 1.0 (-10.4 to 12.5)
KOOS ADL
6 wks 75.6 (69.3 t0 81.8) 77.1(71.7 to 82.4) -1.5(-10.2t0 7.2) -2.3(-14.210 9.5)
3 mths 82.7 (76.3 t0 89.1) 84.1(78.0 to 90.2) -1.4(-10.2t0 7.4) -2.1(-14.110 9.9)
6 mths 90.7 (84.3 to 96.9) 91.1(84.9t0 97.2) -0.4(-9.110 8.3) -1.1(-13.1t0 10.8)
12 mths 92.4 (86.1 to 98.6) 90.9 (84.9 to 97.0) 1.4 (-7.3t0 10.1) 0.6 (-11.3to0 12.5)
KOOS Sport/Rec
6 wks 23.2(10.9 to 35.6) 29.7 (18.1t0 41.4) -6.5 (-23.5 to 10.6) -8.8 (-34.1t0 16.4)
3 mths 35.3 (22.7 to 47.9) 45.7 (33.7 to 57.7) -10.4 (-27.8 t0 7.0) -12.1 (-37.8 to 13.5)
6 mths 55.3 (42.9 to 67.6) 59.7 (47.7t0 71.7) -4.4 (-21.6 t0 12.8) -6.7 (-32.2t0 18.7)
12 mths 68.4 (56.0 to 80.7) 77.1 (65.2 to 88.9) -8.7 (-25.8 t0 8.4) -11.4 (-36.8 to 14.0)
KOOS QoL
6 wks 58.8 (50.7 to 67.0) 81.4 (73.6 t0 89.2) -22.6 (-33.9to -11.3) -27.8 (-44.3 to -11.1)
3 mths 62.9 (54.5t0 71.2) 80.2 (72.3t0 88.2) -17.3(-28.8 to -5.8) -22.3(-39.1 to -5.5)
6 mths 70.9 (62.7 to 79.1) 82.6 (74.7 to 90.6) -11.7 (-23.1 t0 -0.3) -16.4 (-33.1 t0 0.3)
12 mths 75.9 (67.7 to 84.0) 82.3 (74.7 to 90.6) -6.4 (-17.8 to 4.9) -11.3(-27.9 t0 5.4)
FAOS Pain
6 wks 71.8 (64.8 to 78.7) 73.9 (67.4 to 80.5) -2.2(-11.7t0 7.4) -6.1(-21.1t0 8.9)
3 mths 79.5 (72.5 to 86.5) 77.3(70.7 to 83.9) 2.2(-7.4t011.8) -1.5 (-16.6 to 13.6)
6 mths 87.0(80.0 to 93.9) 81.5 (74.8 t0 88.2) 5.4 (-4.1to 15.0) 1.7 (-13.4t0 16.8)
12 mths 88.4 (81.6 t0 95.2) 84.5(77.9t0 91.1) 3.8(-5.6t0 13.4) -0.2 (-15.2 to 14.8)
FAOS Symptoms
6 wks 61.6 (53.6 to 69.6) 55.9 (48.3 to 63.6) 5.7 (-5.3t0 16.8) 1.9 (-15.8 to 19.6)
3 mths 67.1(59.0 to 75.3) 64.4 (56.6 to 72.1) 2.7 (-8.5 t0 14.0) -1.0 (-18.9 to 16.9)
6 mths 78.6 (70.6 to 86.7) 70.4 (62.7 to 78.2) 8.1(-3.1t019.2) 4.1 (-13.8 10 22.0)
12 mths 84.5 (76.5 to 92.5) 76.9 (69.2 to 84.6) 7.6 (-3.4t0 18.7) 3.5(-14.3t0 21.3)
FAOS ADL
6 wks 74.8 (68.7 to 80.8) 69.8 (64.1 to 75.5) 4.9(-3.31013.3) 2.9(-9.3t015.1)
3 mths 83.3(77.21t0 89.4) 78.5(72.7 to 84.2) 4.8(-3.51t013.2) 3.1(-9.2t0 15.4)
6 mths 88.5 (82.5 to 94.5) 85.8 (80.0 to 91.6) 2.8(-5.5t0 11.1) 1.0 (-11.3t0 13.3)
12 mths 92.4 (86.4 to 98.3) 88.5 (82.8 to 94.2) 3.9 (-4.41t012.1) 1.9 (-10.3to 14.2)
FAOS Sport/Rec
6 wks 24.1(12.410 35.8) 19.7 (8.8 to 30.6) 4.3(-11.6 t0 20.3) -1.5(-22.9t0 19.9)
3 mths 44.2 (32.5 to 56.0) 34.7 (23.7 to 45.7) 9.4 (-6.7 to 25.5) 3.5(-18.21t0 25.2)
6 mths 64.1 (52.5 to 75.7) 49.7 (38.6 to 60.8) 14.4 (-1.6 to 30.5) 8.0 (-13.6 t0 29.7)
12 mths 70.4 (58.9 to 81.8) 69.6 (58.6 to 80.6) 0.8 (-15.1to 16.6) -6.3(-27.810 15.2)
FAOS QoL
6 wks 48.3 (39.9 to 56.7) 48.9 (41.0 to 56.9) -0.6 (-12.2 t0 10.9) -2.9 (-21.0 to 15.1)
3 mths 59.1 (50.6 to 67.6) 58.2 (50.2 to 66.2) 0.9 (-10.8 to 12.6) -1.4 (-19.6 to 16.8)
6 mths 69.7 (61.3t0 78.2) 67.1(59.0 to 75.2) 2.7 (-9.0to 14.4) 0.3(-17.8 t0 18.5)
12 mths 76.3 (68.0 to 84.6) 71.4 (63.4 to 79.4) 4.9 (-6.7 to 16.5) 2.3(-15.9 to 20.4)
EQ-5D-5L index
6 wks 0.630 (0.577 to 0.683) 0.549 (0.500 to 0.601) 0.081 (0.007 to 0.155) 0.068 (-0.059 to 0.197)
3 mths 0.679 (0.624 to 0.734) 0.673 (0.621 to 0.726) 0.006 (-0.070 to 0.082) -0.008 (-0.137 to 0.122)
6 mths 0.769 (0.715 to 0.824) 0.746 (0.693 to 0.798) 0.024 (-0.052 to 0.099) 0.010 (-0.119 to 0.140)
12 mths 0.784 (0.731 to 0.838) 0.772 (0.721 to 0.824) 0.012 (-0.063 to 0.087) -0.003 (-0.132 to 0.125)

Continued

Table Il. Continued

Outcome Mean (95% CI) Mean difference (95% CI)

IMN RF Crude Adjusted
EQ-VAS
6 wks 61.9 (56.1 to 67.7) 62.4 (56.8 to 68.0) -0.5(-8.51t0 7.6) -1.0 (-13.9t0 12.1)
3 mths 68.0 (62.0 to 74.0) 68.3 (62.6 to 74.0) -0.3(-8.6 t0 8.0) -0.7 (-13.9 to 12.6)
6 mths 76.8 (70.9 to 82.7) 77.7 (72.0 to 83.4) -0.8(-9.0to 7.4) -1.4 (-14.6 to 11.9)
12 mths 78.0 (72.1 to 83.8) 78.0 (72.3 to 83.6) -0.0 (-8.110 8.1) -0.7 (-12.5 to0 13.9)

ADL, activities of daily living; FAOS, Foot and Ankle Outcome Score; IMN, intramedullary nailing; KOOS, Knee injury and Osteoarthritis Outcome
Score; QolL, quality of life; RF, external ring fixation; VAS, visual analogue scale.
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