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脛骨骨幹部骨折に対する髄内釘固定とリング型創外固定器による治療の比較（IMVEX）：
多施設共同ランダム化比較臨床試験

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. Rölfing, MD, PhD, J. Petruskevicius, MD, PhD,  

M. K. Rasmussen, MD, S. S. Jensen, MD, and R. Elsøe, MD, PhD**

目　的：
脛骨骨幹部骨折に対する髄内釘固定（IMN）後に患者がもっとも
多く報告した合併症の一つは膝前部痛であり，患者の 10〜80%
で報告された．本研究の目的は，IMN またはリング型創外固
定器（RF）を受けた成人の脛骨骨幹部骨折患者における 12 ヵ月
時点の Knee injury and Osteoarthritis Outcome Score（KOOS）
の sport and recreation activities サブスケール（sport/rec）ス
コアを比較することである．

方　法：
本研究は，実務的多施設共同ランダム化非盲検並行群間比較試
験であった．脛骨骨幹部の新鮮骨折で受診し，髄内釘による手
術が可能であると判断された成人患者（18 歳以上）を対象とし
た．主要評価項目は術後 12 ヵ月の時点での KOOS sport/rec 
とし，スコアの範囲は 0（最低）〜100（最高）であった．副次的
評価項目は Foot and Ankle Outcome Score（FAOS），EuroQol 
five-dimension five-level health questionnaire（EQ-5D-5L）評価
による健康関連 QOL，疼痛スコアとした．

結　果：
67 例を対象とした．全体で 33 例を標準的 IMN，34 例を RF 
に無作為に割り付けた．患者の平均年齢は 47.7 歳（標準偏差 
19.2，18〜84）であり，女性は 34%（23 例）であった．主要解析
では，術後 12 ヵ月の時点での KOOS sport/rec に，IMN 群と 
RF 群のあいだで統計学的有意差は認められなかった（補正後
の差の平均 −18.1［95%信頼区間 −43.4〜7.2］，RF 優位）［線
形混合モデル分析］．

結　論：
術後 12 ヵ月の時点での KOOS sport/rec に，RF と IMN のあ
いだで統計学的有意差は認められなかった．しかし，第二種の
過誤のリスクが高いため，この結果は慎重に解釈すべきである．

*Department of Orthopaedic Surgery, Aalborg University Hospital, 
Aalborg, Denmark. **E-mail: rae@rn.dk

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 
RF. 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% CI) Mean difference (95% CI)

IMN RF Crude Adjusted

KOOS Pain
6 wks 78.9 (73.1 to 84.8) 87.5 (81.8 to 93.1) -8.5 (- 16.7 to -0.4) -9.4 (- 21.1 to 2.3)

3 mths 83.6 (77.6 to 89.6) 91.0 (85.2 to 96.7) -7.4 (- 15.6 to 0.9) -7.9 (- 19.7 to 3.9)

6 mths 88.7 (82.8 to 94.6) 90.9 (85.1 to 96.6) -2.2 (- 10.4 to 6.0) -2.7 (- 14.5 to 9.0)

12 mths 91.1 (85.2 to 97.0) 90.8 (85.1 to 96.5) 0.4 (- 7.8 to 8.5) -0.4 (- 12.1 to 11.4)

KOOS Symptoms
6 wks 73.1 (67.5 to 78.8) 88.6 (83.2 to 93.9) -15.5 (- 23.3 to -7.6) -14.6 (- 26.1 to -3.1)

3 mths 81.3 (75.5 to 87.1) 85.7 (80.2 to 91.2) -4.4 (- 12.4 to 3.5) -3.3 (- 14.8 to 8.2)

6 mths 89.0 (83.3 to 94.6) 89.9 (84.4 to 95.4) -0.9 (- 8.8 to 6.9) 0.1 (- 11.3 to 11.6)

12 mths 90.4 (84.8 to 96.1) 90.3 (84.9 to 95.8) 0.1 (- 7.7 to 7.9) 1.0 (- 10.4 to 12.5)

KOOS ADL
6 wks 75.6 (69.3 to 81.8) 77.1 (71.7 to 82.4) -1.5 (- 10.2 to 7.2) -2.3 (- 14.2 to 9.5)

3 mths 82.7 (76.3 to 89.1) 84.1 (78.0 to 90.2) -1.4 (- 10.2 to 7.4) -2.1 (- 14.1 to 9.9)

6 mths 90.7 (84.3 to 96.9) 91.1 (84.9 to 97.2) -0.4 (- 9.1 to 8.3) -1.1 (- 13.1 to 10.8)

12 mths 92.4 (86.1 to 98.6) 90.9 (84.9 to 97.0) 1.4 (- 7.3 to 10.1) 0.6 (- 11.3 to 12.5)

KOOS Sport/Rec
6 wks 23.2 (10.9 to 35.6) 29.7 (18.1 to 41.4) -6.5 (- 23.5 to 10.6) -8.8 (- 34.1 to 16.4)

3 mths 35.3 (22.7 to 47.9) 45.7 (33.7 to 57.7) -10.4 (- 27.8 to 7.0) -12.1 (- 37.8 to 13.5)

6 mths 55.3 (42.9 to 67.6) 59.7 (47.7 to 71.7) -4.4 (- 21.6 to 12.8) -6.7 (- 32.2 to 18.7)

12 mths 68.4 (56.0 to 80.7) 77.1 (65.2 to 88.9) -8.7 (- 25.8 to 8.4) -11.4 (- 36.8 to 14.0)

KOOS QoL
6 wks 58.8 (50.7 to 67.0) 81.4 (73.6 to 89.2) -22.6 (- 33.9 to -11.3) -27.8 (- 44.3 to -11.1)

3 mths 62.9 (54.5 to 71.2) 80.2 (72.3 to 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 to -0.3) -16.4 (- 33.1 to 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 to 5.4)

FAOS Pain
6 wks 71.8 (64.8 to 78.7) 73.9 (67.4 to 80.5) -2.2 (- 11.7 to 7.4) -6.1 (- 21.1 to 8.9)

3 mths 79.5 (72.5 to 86.5) 77.3 (70.7 to 83.9) 2.2 (- 7.4 to 11.8) -1.5 (- 16.6 to 13.6)

6 mths 87.0 (80.0 to 93.9) 81.5 (74.8 to 88.2) 5.4 (- 4.1 to 15.0) 1.7 (- 13.4 to 16.8)

12 mths 88.4 (81.6 to 95.2) 84.5 (77.9 to 91.1) 3.8 (- 5.6 to 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 (- 5.3 to 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 to 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 (- 3.1 to 19.2) 4.1 (- 13.8 to 22.0)

12 mths 84.5 (76.5 to 92.5) 76.9 (69.2 to 84.6) 7.6 (- 3.4 to 18.7) 3.5 (- 14.3 to 21.3)

FAOS ADL
6 wks 74.8 (68.7 to 80.8) 69.8 (64.1 to 75.5) 4.9 (- 3.3 to 13.3) 2.9 (- 9.3 to 15.1)

3 mths 83.3 (77.2 to 89.4) 78.5 (72.7 to 84.2) 4.8 (- 3.5 to 13.2) 3.1 (- 9.2 to 15.4)

6 mths 88.5 (82.5 to 94.5) 85.8 (80.0 to 91.6) 2.8 (- 5.5 to 11.1) 1.0 (- 11.3 to 13.3)

12 mths 92.4 (86.4 to 98.3) 88.5 (82.8 to 94.2) 3.9 (- 4.4 to 12.1) 1.9 (- 10.3 to 14.2)

FAOS Sport/Rec
6 wks 24.1 (12.4 to 35.8) 19.7 (8.8 to 30.6) 4.3 (- 11.6 to 20.3) -1.5 (- 22.9 to 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 (- 18.2 to 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 to 29.7)

12 mths 70.4 (58.9 to 81.8) 69.6 (58.6 to 80.6) 0.8 (- 15.1 to 16.6) -6.3 (- 27.8 to 15.2)

FAOS QoL
6 wks 48.3 (39.9 to 56.7) 48.9 (41.0 to 56.9) -0.6 (- 12.2 to 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 (61.3 to 78.2) 67.1 (59.0 to 75.2) 2.7 (- 9.0 to 14.4) 0.3 (- 17.8 to 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)
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union); and visible fracture lines and no visible callus formation 
(defined as no union).28

Valgus/varus and flexion/extension deformity were examined 
on 12- month anteroposterior and side radiographs. A defor-
mity of > 5° in any direction was predefined as the threshold  
for alignment.29

Randomization. Following the assessment of patients’ basic 
characteristics and informed consent, patients were randomized 
in block- size of 3 (1:1) to IMN or RF. Randomization was strat-
ified by site of treatment and patient age groups (18 to 30 years, 
31 to 50 years, > 51 years). An independent researcher (PL) 
prepared the randomization schedule in Stata v. 16 (StataCorp, 
USA), and the web- based software RedCap (USA) was used for 
the digital blinded allocation sequence.30,31

Patients. Between December 2019 and June 2023, 303 patients 
were admitted with a tibial shaft fracture. A total of 67 pa-
tients were included in the study. Randomized were 33 patients 
to standard IMN and 34 patients to RF. The final follow- up 
12 months following surgery was completed for 65 of 67 pa-
tients (Figure 1). The mean age of patients was 47.7 years (SD 
19.2; 18 to 84). Female sex represented 34% of patients (n = 
23). Table I presents detailed baseline characteristics by group.
Statistical analysis. Based on a pre- planned interim analysis 
showing a 20- point difference in KOOS sport/rec in the first 
20 patients, evenly distributed in the two groups, a sample of 
56 patients allowed a power of 80% to show a statistically sig-
nificant difference in the KOOS subscale sport/rec at a 5% signif-
icance level.23 The drop- out rate was estimated to be 20%, result-
ing in 67 patients for enrolment in the trial. The primary analysis 
included a linear mixed regression model estimating the mean dif-
ference in the primary and secondary outcomes. The model was 
adjusted by age, sex, and site of treatment. Patients were consid-
ered a random effect, and follow- up (six weeks and three, six, and 
12 months), treatment arm, and interaction were treated as fixed 
effect variables, as outlined in the trial protocol.23 The analysis 
was performed according to the intention- to- treat principle, and 
per- protocol analysis was performed to analyze sensitivity. The 
between- group risk of achieving the PASS and bone union was 
calculated as a risk difference.

Results
The primary analysis revealed no statistically significant differ-
ence in the KOOS sport/rec subscale between the IMN and 
RF groups at 12- month follow- up (crude mean difference -8.7 
(95% CI -25.8 to 8.4) and adjusted mean difference -11.4 (95% 
CI -36.8 to 14.0), favouring RF).

At six- and 12- month follow- up, no statistically significant 
difference between IMN and RF groups was observed for the 
KOOS and FAOS subscales. At six- and 12- month follow- up, 
no statistically significant difference between IMN and RF 
groups was observed for the EQ- 5D- 5L index and VAS scores 
(Table II).
Pain. Pain scores from six- week to 12- month follow- up are 
presented in Table III. At 12- month follow- up, there were no 
statistically significant differences between the IMN and RF 
groups for resting pain and worst pain during the last 24 hours 
(adjusted mean difference = 0.3 (95% CI -1.8 to 2.5), favouring 
RF) (Table III).
ROM. At 12- month follow- up, mean knee flexion for the in-
jured leg was 131° (SD 9.7°) in the IMN group and 136° (SD 
9.6°) in the RF group (mean difference -4.9° (95% CI -9.9° to 
0.1°)). The 12- month mean range of dorsiplantar flexion for the 
ankle joint (injured side) was 15°/44° in the IMN group and 
12°/46° in the RF group (mean difference 2.9°/-1.6° (95% CI 
-3.5° to 9.2°/-9.1° to 5.8°)).
Radiological outcomes. At three months' follow- up, radiolog-
ical union was achieved in six patients (18%) in the IMN group 
and seven patients (21%) in the RF group (RR 1.1 (95% CI 
0.5 to 2.1)). At six months' follow- up, radiological union was 
achieved in 36% of patients in the IMN group and 25% in the 
RF group (RR 1.3 (95% CI 0.7 to 2.5)). At 12 months' follow- 
up, radiological union was achieved in 97% of patients in the 
IMN group and 94% of patients in the RF group (RR 0.5 (95% 
CI 0.1 to 5.7)).

Of the three patients without bony union at 12 months' 
follow- up, one patient with a Charlson Comorbidity Index 
(CCI)32 of 7 in the IMN group was amputated at the femur level 
due to deep infection with extensive peripheral vascular disease. 
Due to severe comorbidity, amputation was chosen as a final 
surgical intervention.Two patients in the RF group were treated 
with segmental bone resection and lengthening in a RF due to 
deep infection (osteomyelitis) and nonunion (one patient with 
a CCI of 3 and a high- energy trauma, and one patient without 
previous comorbidity).

At the final follow- up 12 months following surgery, two 
patients in the RF groups had malunion > 5°. One patient had a 
varus malalignment of 8°, and one patient had a flexion/procur-
vatum deformity of 10°. No malunions > 5° were observed in 
the IMN group.
PASS. At six- month follow- up, 45% of patients in the IMN 
group (n = 14) and 30% in the RF group (n = 10) had im-
proved enough to meet the PASS (RR 1.4 (95% CI 0.8 to 2.3)). 

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 (- 8.5 to 7.6) -1.0 (- 13.9 to 12.1)

3 mths 68.0 (62.0 to 74.0) 68.3 (62.6 to 74.0) -0.3 (- 8.6 to 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 (- 9.0 to 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 (- 8.1 to 8.1) -0.7 (- 12.5 to 13.9)

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