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橈骨遠位端骨折に対する最初の非観血的整復が成功せず，	
固定術が受傷後 3 週間を超えて遅れることは，再手術の確率を高める

住民ベースの後ろ向きコホート
Delayed fixation of distal radial fractures beyond three weeks after initial 

failed closed reduction increases the odds of reoperation
a population-based retrospective cohort

By L. L. Nowak, MSc, PhD*, J. Moktar, MD, P. Henry, MD, T. Dejong, M. D. McKee, MD, and E. H. Schemitsch, MD

目　的：
本研究の目的は，橈骨遠位端骨折（DRF）に対する早期の固定術
と，非観血的整復（CR）後に時間をおいての固定術による，治
療後の再手術を比較することである．

方　法：
カナダ，オンタリオ州の管理データベースを用いて，2003 ～
2016 年に治療が行われた 18 歳以上の DRF 患者を同定した．
30 日以内の手技コードと料金コードを用いて，早期の固定術（7 
日以内）を受けた患者と，CR 後に時間をおいての固定術を受
けた患者を明らかにした．遅延群の患者は，最終的な固定術ま
での期間（8 ～ 14 日，15 ～ 21 日，22 ～ 30 日）別に群分けした．
治療介入コードと診断コードを用いて 2 年以内の再手術を同
定した．多変量回帰分析により，全患者について早期の固定術
または遅れての固定術と再手術との関連を比較し，年齢（18 ～
60 歳，60 歳超）で層別化した．

結　果：
DRF 患者 14,960 例を同定し，そのうち 8,339 例（55.7%）は早
期の固定術（平均 2.9 日 ［標準偏差 1.8］）を受けた．一方，4,042 
例（27.0%）は骨折後 8 ～ 14 日（平均 10.2 日 ［標準偏差 2.2］），
1,892 例（12.7%）は 15 ～ 21 日（平均 17.5 日 ［標準偏差 1.9］），
687 例（4.6%）は 21 日を超えて（平均 24.8 日 ［標準偏差 2.4］）
遅れての固定術を受けた．骨折後 21 日を超えて遅れての固定
術を受けた患者は再手術の確率が高かった（早期の固定術に対
するオッズ比 1.33 ［95% 信頼区間 1.11 ～ 1.79］）［χ2 検定］．
この固定術の遅延と再手術との関係は 60 歳超の患者では悪化
した（オッズ比 1.69 ［95% 信頼区間 1.11 ～ 2.79］）．骨折後 8
～ 14 日または 15 ～ 21 日以内に遅れての固定術を受けた患者
では早期の固定術を受けた患者と比較して，再手術の確率に差
は認められなかった．

結　論：
これらのデータより，CR 後の整復が許容できない DRF 患者
に対しては，有害なアウトカムを避けるため 3 週間以内に固定
術を行うべきであることが示唆される．これらの知見を確認す
るために前向き研究が必要である．
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Aims:
We aimed to compare reoperations following distal radial 
fractures (DRFs) managed with early fixation versus delayed 
fixation following initial closed reduction (CR).

Methods:
We used administrative databases in Ontario, Canada, to iden-
tify DRF patients aged 18 years or older from 2003 to 2016. 
We used procedural and fee codes within 30 days to determine 
which patients underwent early fixation (≤ seven days) or de-
layed fixation following CR. We grouped patients in the delayed 
group by their time to definitive fixation (eight to 14 days, 15 
to 21 days, and 22 to 30 days). We used intervention and diag-
nostic codes to identify reoperations within two years. We used 
multivariable regression to compare the association between 
early versus delayed fixation and reoperation for all patients 
and stratified by age (18 to 60 years and > 60 years).

Results:
We identified 14,960 DRF patients, 8,339 (55.7%) of whom 
underwent early surgical fixation (mean 2.9 days [SD 1.8]). In 
contrast, 4,042 patients [27.0%] underwent delayed fixation 
between eight and 14 days (mean 10.2 days [SD 2.2]), 1,892 
(12.7%) between 14 and 21 days (mean 17.5 days [SD 1.9]) 
and 687 [4.6%] > 21 days (mean 24.8 days [SD 2.4]) post-
fracture. Patients who underwent delayed fixation > 21 days 
post-fracture had a higher odds of reoperation (odds ratio [OR] 
1.33 [95% CI 1.11 to 1.79] vs early fixation). This worsened 
for patients aged > 60 years (OR 1.69 [95% CI 1.11 to 2.79]). 
We found no difference in the odds of reoperation for patients 
who underwent delayed fixation within eight to 14 or 15 to 21 
days post-fracture (vs early fixation).

Conclusion:
These data suggest that DRF patients with fractures with unac-
ceptable reduction following CR should be managed within 
three weeks to avoid detrimental outcomes. Prospective studies 
are required to confirm these findings.
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Results
The unadjusted proportion of reoperations was significantly 
higher in the group of patients who waited > 21 days for fixa-
tion (8.4%; n = 58), compared to the early fixation group (5.9%; 
n = 492) and the delayed groups who waited between eight and 
14 days (5.2%; n = 210) or between 15 and 21 days (5.4%; n = 
103) for fixation (Table II). Patients in the very delayed fixation
group (22 to 30 days) were more likely to undergo an osteotomy 
or tendon release, and have a diagnosis of malunion, hardware
or ligament complication, or pain associated with their reoper-
ation compared to the early fixation group (Table II). The diag-
nosis codes associated with each reoperation code are displayed
in the Supplementary Material.

Following covariable adjustment, patients who underwent 
delayed fixation > 21 days post- fracture had a significantly 
higher odds of reoperation (OR 1.33 (95% CI 1.11 to 1.79)) 
compared to the early group. The odds of reoperation were not 
significantly different for patients who underwent delayed fixa-
tion eight to 14 days or 15 to 21 days post- fracture compared to 
the early fixation group (Table III).

Our subgroup analysis revealed that delayed fixation 22 to 
30 days post- fracture remained associated with a significantly 
higher odds of reoperation compared to the early fixation group 
for patients aged 18 to 60 years (Table III).

ROC curve analysis via Youden’s statistic identified five, 14, 
and 23 days as the optimal cut- off points for discrimination. 
Using these cut- offs, patients in the very delayed fixation group 
(23 to 30 days) had a 1.50 (95% CI 1.10 to 2.05) increased odds 
of reoperation, which increased to 1.99 (95% CI 1.17 to 3.40) in 
patients aged > 60 years (Supplementary Material).

Discussion
This is the first study, to our knowledge, to compare reopera-
tion rates between patients with DRF who undergo early fixa-
tion versus delayed fixation following failed CR at eight to 
14 days, 15 to 21 days, and 22 to 30 days post- fracture. Our 
results suggest that delayed fixation 22 to 30 days post- fracture 

is associated with significantly higher odds of reoperations 
compared to early fixation.

Previous studies evaluating the impact of time to surgery 
on complications following DRF have been inconclusive.12- 14 
However, the majority of these studies are small retrospective 
cohort studies, and may have been underpowered to detect a 
significant difference between groups. Further, these studies 
dichotomized patients into ‘early’ and ‘delayed’ fixation groups, 
with varying definitions of ‘early’ and ‘delayed’ fixation, which 
may have confounded any significant results related to a partic-
ular time to surgery. Our study suggests that secondary fixation 
22 to 30 days post- fracture is associated with increased odds of 
reoperation, while patients who undergo delayed fixation eight 
to 14 days or 15 to 21 days post- fracture appear to have similar 
odds of reoperation to those who undergo early fixation.

Several studies suggest that older age may be a significant 
predictor of loss of reduction following nonoperative treatment 
of DRFs.2,28,29 However, various analyses have also concluded 
that radiological restoration of bony anatomy is not associated 
with patient- reported functional outcomes.3,30,31 We found that 
the association between delayed fixation 22 to 30 days post- 
fracture and reoperation worsened for patients aged 61 years and 
older. This may be related to the increased prevalence of oste-
oporosis and osteopaenia in older patients, as previous studies 
have shown that osteoporosis and bone quality may be associ-
ated with a higher risk of hardware irritation or poor functional 
outcomes following surgical fixation of DRFs.32–34 Further-
more, some authors have identified a relationship between 
bone mineral density and fracture complexity.35,36 As such, the 
exact relationship between age and outcomes following DRFs 
remains under debate. While our results suggest that delayed 
surgery (> three weeks) to restore bony anatomy for DRF 
patients in this age group may have reduced benefit, this will 
likely depend on the functional demands and expectations of the 
patient, and prospective clinical studies are required to resolve 
the association between delayed fixation and reoperation in  
older patients.

Clinical practice guidelines from the American Academy 
of Orthopaedic Surgeons suggest following DRF patients who 
have undergone CR with regular radiological evaluations for 
up to three weeks to identify any significant loss of reduction.37 
Moreover, a recent study recommends radiological follow- up 
in the first two weeks after injury following initial CR to detect 
secondary displacement in patients eligible for operative treat-
ment.38 This allows for early intervention in patients where the 
fracture is likely to displace, as well as avoiding unnecessary 
clinical reviews in patients where displacement is unlikely 
to occur.38 Another study examined the extent of radiological 
displacement of DRF fractures between two and three weeks 
following initial reduction and concluded that even fractures 
that appear stable at two weeks may displace between two and 
three weeks, and little displacement occurs after three weeks.39 
Our results showed that DRF patients who underwent delayed 
fixation of DRFs up to three weeks post- fracture had a similar 
odds of reoperation compared to those who underwent primary 
fixation within one week of their fracture. As such, it may 
be feasible to wait up to three weeks from initial CR before 
deciding to convert to surgical fixation without any adverse 

Table III. Results of multivariable logistic regression (adjusted for 
patient, injury, and hospital characteristics).

Variable Odds ratio (95% CI)

Primary fixation (≤ 7 days) Reference

CR + fixation (8 to 14 days) 0.83 (0.69 to 1.02)

CR + fixation (15 to 21 days) 0.89 (0.71 to 1.11)

CR + fixation (22 to 30 days) 1.33 (1.11 to 1.79)

Age < 61 yrs
Primary fixation (≤ 7 days) Reference

CR + fixation (8 to 14 days) 0.84 (0.68 to 1.03)

CR + fixation (15 to 21 days) 0.87 (0.67 to 1.14)

CR + fixation (22 to 30 days) 1.23 (1.02 to 1.77)

Age 61+ yrs
Primary fixation (≤ 7 days) Reference

CR + fixation (8 to 14 days) 0.81 (0.58 to 1.11)

CR + fixation (15 to 21 days) 0.94 (0.62 to 1.43)

CR + fixation (22 to 30 days) 1.69 (1.11 to 2.79)

CR, closed reduction.
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