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Weight-bearing status ma
y influence rates
of radiographic healing following reamed,
intramedullary fixation of diaphyseal femur
fractures
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Abstract
Objective: To investigate the effect of weight-bearing status on radiographic healing of diaphyseal femur fractures.

Design: Retrospective 1:1 matched cohort study.

Setting: Single-level 1 trauma center.

Participants: One-hundred forty-four (N=154) patients matched 1:1 in non-weight bearing (NWB) and weight-bearing as
tolerated (WBAT) groups.

Intervention:Non-weight bearing following reamed, statically locked intramedullary fixation of diaphyseal femur fracture, generally
due to concurrent lower extremity fracture.

MainOutcomeMeasurement:Postoperative radiographic healing usingmodified Radiographic Union Scale for Tibia fractures
(mRUST) scores.

Results: Groups were well matched on age, sex, race, prevalence of tobacco and alcohol use, diabetes mellitus status, Injury
Severity Score, fracture pattern and shaft location, vascular injury, open fracture prevalence, and operative characteristics.
Radiographic follow-up was similar between groups (231 vs 228days, P= .914). At 6 to 8weeks status post intramedullary fixation,
the median mRUST score in the NWB group (9) was lower than that of the WBAT group (10) (mean: 8.4 vs 9.7, P= .004). At 12 to 16
weeks, the median mRUST in the NWB group (10) was again lower than the WBAT group (12) (mean: 9.9 vs 11.7, P= .003). The
median number of days to 3 cortices of bridging callous was 85 in theWBAT group, compared with 122 in the NWB group (P= .029).
Median time to mRUST scores of 12 (111 vs 162days, P= .008), 13 (218 vs 278days, P= .023), and 14 (255 vs 320days, P= .028)
were all longer in the NWB group compared with the WBAT group.

Conclusions: Non-weight bearing after intramedullary fixation of diaphyseal femur fractures delays radiographic healing, with
median time to 3 cortices of bridging callous increased from 85days in WBAT groups to 122days in NWB groups. These results
provide clinicians with an understanding of the expected postoperative course, as well as further support the need to expeditiously
advance weight-bearing status.
Level of Evidence: IV
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1. Introduction

Femoral diaphyseal fracturesmanagedwith intramedullary fixation
heal reliably; union rates approach 85% to 100%.[1–7] While
uncommon, non-unions do occur, with prior work suggesting that
open injury, increased preoperativemorbidity, and tobacco usemay
increase this risk.[8–13] Interestingly, delayedweight bearing has also
been cited as a potential risk factor for non-union.[14] While
biomechanical and clinical studies have shown that early weight
bearing is safe following appropriately sized, reamed, statically
locked intramedullary nailing, early postoperativemobilizationmay
be delayed in certain cases secondary to concomitant injury or
surgeon preference.[15,16] Therefore, identifying differences in
radiographic healing rates based on weight-bearing status would
provide clinicians with an improved understanding of the expected
postoperative course, as well as further support the need to
expeditiously advance weight-bearing status.
Healing of diaphyseal femur fractures treated with intra-

medullary fixation has previously been analyzed as a dichoto-
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mous variable (e.g., union/non-union), with limited consider-
ation for graded approaches, and with qualitative measures used
to define non-union.[12] Traditionally, this has been related to the
lack of consensus regarding the assessment of union amongst
orthopaedic surgeons.[17,18] Recently, the Radiographic Union
Scale for Tibia, and it’s modified version (mRUST), have offered
clinicians a reliable, validated tool to quantitatively assess
radiographic healing of long bone fractures.[19–21] While initially
intended for the tibia, this scale has also been used to assess
healing in femur fractures. This allows for the evaluation of large
numbers of femoral shaft fractures without limiting analysis to
the uncommon event of non-union.[22,23] Therefore, the goal of
this study was to use mRUST scores to investigate the effect of
weight-bearing status on radiographic healing of diaphyseal
femur fractures managed with intramedullary fixation.
2. Methods

2.1. Design and setting

This retrospective case-control series was performed at a single-
level 1 trauma center in the Midwest region of the United States.
An institutional database was established to identify femoral
shaft fractures (OTA/AO type 32 injuries) managed from January
1, 2010 to December 31, 2018.[24] Institutional review board
approval was obtained for the study.
2.2. Patient selection

Six-hundred ninety-five (N=695) skeletally mature patients with
OTA/AO type 32 injuries were identified. Demographic data,
baseline health metrics, injury characteristics, and operative
specifics were recorded (Table 1). Postoperatively, the variables
of interest included weight-bearing status and radiographic
follow-up. The number of days from surgery until a patient was
advanced to weight-bearing as tolerated (WBAT) was also noted,
Table 1

Patient demographic and injury characteristics

Non-weight
bearing (NWB)

N=77

Weight-bearing
as tolerated
(WBAT) N=77 P value

Age (years) (SD) 33.0 (13.4) 32.4 (15.3) .796
Sex 1.00
Male 52 (67.5%) 53 (68.8%)
Female 25 (32.5%) 24 (31.2%)

Race .945
Caucasian 47 (61.0%) 49 (63.6%)
African American 29 (37.7%) 27 (35.1%)
Other 1 (1.3%) 1 (1.3%)

Tobacco use 40 (52.0%) 39 (49.4%) 1.00
Alcohol 35 (45.5%) 31 (40.3% .625
BMI 28.6 (7.1) 27.5 (5.5) .284
Diabetes mellitus 4 (5.2%) 3 (3.9%) 1.00
ASA Score 2.3 (0.7) 2.2 (0.7) .100
Mechanism of injury .425
MVC 46 (59.7%) 37 (48.1%)
MCC 14 (18.2%) 12 (15.6%)
Fall 3 (3.9%) 9 (11.7%)
Pedestrian struck 4 (5.2%) 6 (7.8%)
Ballistic 6 (7.8%) 8 (10.4%)
Other 4 (5.2%) 6 (7.8%)

Length of radiographic
follow-up (d)

231 (214) 228 (222) .914
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as were the number of days from surgery to each postoperative
femur radiograph. For each radiograph, the mRUST score was
calculated. Briefly, the mRUST score measures the radiographic
healing of a femur fracture on a scale of 4 to 16. Each cortex is
graded: 1=no callus, 2=callus present, 3=bridging callus
present, 4= remodeled; the sum of these values gives the mRUST
score.[20,21,22,25,26] An mRUST score of 11 generally corresponds
to 3 cortices of bridging callous. Three reviewers (CDF, JC, NMJ)
performed mRUST ratings; ICC values have previously been
reported (ICC= .74) and were not recalculated for this
investigation.[27]

Patients were eligible for study inclusion if: the injury was
managed with intramedullary fixation (retrograde or antegrade);
postoperative weight-bearing status was non-weight bearing
(NWB) or WBAT; patients in the NWB group were assigned this
status for at least 6 weeks; a postoperative radiograph from 6 to 8
weeks after injury was available for review. To isolate the effect
of weight-bearing, patients were excluded for the following
indications: severe traumatic brain injury; high-spinal cord
injury; initial external fixator temporization; dual construct
fixation (e.g., plate and nail fixation); initial presentation was of
peri-implant fractures; bone loss requiring advanced reconstruc-
tion (e.g., bone transport). For implant selection, all surgeons
performed reamed, statically locked fixation utilizing the Synthes
Retrograde/Antegrade Femoral Nail (Depuy Synthes Companies,
Warsaw, Indiana).
Eligible patients in NWB and WBAT groups were then

matched 1:1 to control for baseline demographic, health, injury,
and operative differences. Patients were matched on the following
variables: age, sex, race, tobacco use prevalence, alcohol use
prevalence, body mass index, diabetes mellitus status, ASA score,
mechanism of injury, AO fracture classification, vascular injury
presence, Injury Severity Score (ISS) score, location of fracture in
the femoral shaft (proximal, middle, distal), presence of open
fracture, time toOR, and retrograde or antegrade start point. The
number of patients in each group was N=77.
3. Analysis

Statistical analysis was completed with Prism 7.0a software
(GraphPad Software Inc, La Jolla, California) and MatLab
R2016b software (Mathworks, Natick, Massachusetts).
3.1. Power analysis

While the utility of a power analysis in a retrospective study is
open to debate, we had an interest in powering the study to ensure
the effect of weight bearing was captured. An a priori power
analysis was performed to calculate sample size. For mRUST
scores at 6 to 8week follow-up, setting b=0.80, a=0.05, and
assuming a 1-point difference in mRUST scores between groups
with a standard-deviation of 2 units, sample size was determined
to be 63 patients per group. As this was a novel investigation, a
25% increase to this number was applied to account for possible
errors in the power analysis estimation.
3.2. Cohort matching and outcomes of interest

Outcomes of interest included: differences in mRUST scores
between NWB and WBAT groups at 6 to 8weeks and 12 to
16weeks following injury; time to mRUST scores of 11, 12, 13,
and 14. To evaluate the quality of thematching process, as well as
to analyze these outcomes, Student t test with Welch correction,
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Table 3

Specifics of operative fixation

Non-weight
bearing (NWB)

N=77

Weight-bearing
as tolerated
(WBAT) N=77 P value

Time to OR .719
0–24 h 72 (93.5%) 74 (96.1%)
25–48 h 5 (6.5%) 3 (3.9%)

Start point .189
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Chi-squared, Fischer exact, Kolmogorov–Smirnov normality
test, and Mann–Whitney test were utilized, in the appropriate
setting. Controversy exists regarding what mRUST score
corresponds to fracture union; therefore, results are reported as
time to individual mRUST scores of 11 through 14.[20,21,22,25,26]

An mRUST score of 11 generally corresponds to 3 cortices of
bridging callous. Time-to-event analysis was performed using the
Kaplan–Meier estimator. Log-rank (Mantel-Cox) test was used to
identify differences between time-to-event curves.
Antegrade 61 (79.2%) 68 (88.3%)
Retrograde 16 (20.8%) 9 (11.7%)

Nail length (mm) (median) 380 380 .586
Nail diameter (mm) (median) 11.0 11.0 .529
Number interlocks .144
2 10 (13.0%) 11 (14.3%)
3 35 (45.5%) 23 (29.9%)
4 32 (41.6%) 42 (54.5%)
4. Results

4.1. Patient characteristics and case-control matching

The number of patients in each group was N=77. Overall,
patients in this series were majority male (68.2%) and Caucasian
(62.3%)with mean age 32.7years. Tobacco and alcohol use were
prevalent (51.3%, 42.9%, respectively). Mean body mass index
was in the overweight category (28.0), with a low rate of diabetes
mellitus (4.5%).[28] Patients most commonly sustained injury in a
motor vehicle or motor cycle collision (70.8%), resulting in ISS
of 16.4.
Right and left-sided injuries were equally represented. A

majority of fractures were middle 1/3 diaphyseal injuries
(51.3%), with the majority being simple patterns (50.0%).
Open fractures, including ballistic injuries, occurred in 24.0% of
cases; vascular injury was rare (2.6%). Most patients underwent
operative fixation within 24hours of injury (94.8%), with amean
ASA score of 2.2. Intramedullary fixation most commonly was
performed through an antegrade start point (83.8%), with an 11
mm diameter nail and 3 or 4 total interlocking screws (Tables 1–
3). In the NWB group, the most common reason for this weight-
bearing status was an ipsilateral lower extremity or acetabular/
pelvic ring injury (77.9%); however, in 22.1% of cases, the
indication for NWBwas not attributable to a concomitant injury.
Patients in the NWB group had this weight-bearing status for
mean 75days (standard deviation 25days).
Patients in the NWB and WBAT groups were well matched.

Specifically, there were no differences in patient age, prevalence of
tobacco or alcohol use, prevalence of diabetes mellitus, fracture
pattern or shaft location, vascular injury, open fracture, or delay
Table 2

Femoral shaft fracture characteristics

Non-weight
bearing (NWB)

N=77

Weight-bearing
as tolerated
(WBAT) N=77 P value

Side .747
Right 42 (54.6%) 39 (50.7%)
Left 35 (45.4%) 38 (49.3%)

OTA/AO frx type .980
A—Simple 44 (57.1%) 43 (55.8%)
B—Wedge 17 (22.1%) 17 (22.1%)
C—Multifragmentary 16 (20.8%) 17 (22.1%)

Vascular injury 2 (2.6%) 2 (2.6%) 1.00
Injury severity score (ISS) 17.3 (9.7) 15.6 (9.8) .274
Shaft location .755
Proximal 1/3 14 (18.2%) 19 (24.7%)
Middle 1/3 40 (51.9%) 39 (50.6%)
Distal 1/3 21 (27.3%) 17 (22.1%)
Segmental 2 (2.6%) 2 (2.6%)

Open fracture 21 (27.3%) 16 (20.8%) .451
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to surgery. There was also no difference in overall injury severity
as measured by ISS or ASA score. Operative fixation character-
istics were also similar between groups (Tables 1–3).
4.2. Radiographic healing by weight-bearing group

Mean radiographic follow-up was approximately 7.7months
(231 vs 228days, P= .914). Radiographs 6 to 8weeks status
postintramedullary fixation were available to review for all
patients. The mean number of days from surgery to radiograph
was similar between groups (52.7 vs 50.9, P= .27). The median
mRUST score in the NWB group (9) was lower than that of the
WBAT group (10) (mean: 8.4 vs 9.7, P= .004).
While most patients had multiple additional radiographs after

the 6 to 8week window, the time points for these radiographs
were less standardized. For example, a 12 to 16week
postoperative radiograph was available for review in 51.3% of
patients (NWB: 50.6%, WBAT: 51.9%). As before, the mean
number of days from surgery to radiograph was similar between
groups (93.5 vs 88.0days, P= .202). The median mRUST in the
NWB group (10) was again lower than that of the WBAT group
(12) (mean: 9.9 vs 11.7, P= .003).
Two patients in the WBAT group and 3 patients in the NWB

group went on to have revision operations for fracture non-
union. Mean time to revision in the WBAT group was 385days,
compared with 372days in the NWB group (Fig. 1).

4.3. Time to mRUST scores 11 through 14

The number of patients who achieved radiographic follow-up to
an mRUST score of 11 was N=60 in the NWB group (77.9%)
and N=63 in the WBAT group (81.8%). In the WBAT group,
median time to mRUST of 11 was 85days, compared with 122
days in the NWB group (P= .029) (Fig. 2A).
The number of patients who achieved radiographic follow-up

to an mRUST score of 12 was N=50 in the NWB group (64.9%)
and N=53 in the WBAT group (68.9%). In the WBAT group,
median time to mRUST of 12 was 111days, compared with 162
days in the NWB group (P= .008) (Fig. 2B).
The number of patients who achieved radiographic follow-up

to an mRUST score of 13 was N=30 in the NWB group (39.0%)
and N=40 in the WBAT group (51.9%). In the WBAT group,
median time to mRUST of 13 was 218days, compared with 278
days in the NWB group (P= .023) (Fig. 2C).
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Figure 1. mRUST scores at (A) 6 to 8weeks and (B) 12 to 16weeks status post intramedullary fixation of diaphyseal femur fractures are lower in the NWB group
compared with the WBAT group.
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The number of patients who achieved radiographic follow-up
to an mRUST score of 14 was N=29 in the NWB group (37.7%)
and N=38 in the WBAT group (49.4%). In the WBAT group,
median time to mRUST of 14 was 255days, compared with 320
days in the NWB group (P= .028) (Fig. 2D).
Figure 2. Median time to each mRUST score is longer in the

4

5. Discussion
Femoral shaft fractures managed with reamed, statically locked
fixation heal reliably; however, the rates of healing depend on
patient, injury, and operative factors.[29,30] Recently, the mRUST
tool has allowed for the incremental assessment of radiographic
NWB group (red) compared with the WBAT group (blue).
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healing. Utilizing this tool, the results of this study suggest that
non-weight-bearing status following intramedullary fixation of
diaphyseal femur fractures slows the rate of radiographic healing
compared with weight-bearing as tolerated counterparts.
Appropriate cohort matchingwas imperative to investigate this

research question. Patients in the NWB and WBAT groups were
well matched on demographic, health, injury, and operative
characteristics. However, several potential confounders require
discussion. First, no objective assessment of adherence to weight-
bearing restrictions occurred in this study. However, prior
research suggests a patient compliance rate to NWB restrictions
of approximately 72.5%.[31] Therefore, while not specifically
assessed, an assumption that a majority of patients adhered to
their WB status appears valid. Additionally, the question of
fracture energy, and the corresponding degree of periosteal
stripping, requires evaluation, as this variable can influence
healing rates. While NWB patients generally sustained concomi-
tant fractures, this alone does not indicate a higher degree of
energy for the femur fracture itself. Rather, the mechanism of
injury, the degree of comminution, the presence of an open injury,
and a segmental pattern may represent better indications of
fracture energy. The degree of comminution was higher in the
WBAT compared with the NWB group, whereas open fractures
were more common in the NWB group, though neither difference
was significant. Rates of segmental fractures were equal, and
mechanisms of injurywere similar. Therefore, an assumption that
the NWB groups represent higher-energy fractures, and therefore
slower healing rates are expected, is not well founded.
Radiographic healing in the WBAT group was improved by a

mean clinical corollary of 1 cortex of novel callous formation or
completed callous bridging at the 6 to 8week and 12 to 16week
postoperative time points. The differences in mRUST scores were
1.3 and 1.8, respectively. While these numbers appear small,
given the 4 to 16 point non-normal mRUST scale, these represent
an approximately 10% to 15% difference between groups.
Additionally, the clinical difference of 1 to 2 mRUST scores is the
difference between callous formation versus bridging callous at 1
to 2 cortices. An additional cortex of healing often is the key for a
provider to define a fracture as having achieved union. As such,
these differences denote both significant statistical and clinical
distinctions.
The reason for this improved radiographic healing rate may be

related to the mechanism of healing in intramedullary fixation.
Intramedullary fixation of femoral diaphyseal fractures typically
produces a construct of relative stability. Fractures fixed with
relative stability heal by secondary bone healing; to achieve this,
strain rates should be between 2% and 10%.[32] Therefore, it is
possible that NWB does not produce these levels of strain as
effectively as WBAT, which results in slower rates of healing.
More biomechanical and clinical studies are necessary to explore
this hypothesis.
The value of this research is at least 3-fold. First, this research

adds to the body of literature supporting the benefits of early
weight-bearing following intramedullary fixation of femoral
diaphyseal fractures. Non-weight bearing has been shown to be
detrimental to return to work, patient income, and return to
activities of daily living; this may be especially relevant in geriatric
populations.[33–38] In the absence of discrete indications, patients
should be advanced to WBAT as quickly as possible to minimize
negative social, functional, and radiographic outcomes. Second,
this data provides clinicians with an expected time course for
radiographic healing based on weight-bearing status. Third, this
provides surgeons with an additional variable to optimize to
5

achieve union in slow-to-heal fractures, along with such factors
as nutrition optimization, smoking cessation, and endocrine
normalization.
This study has several limitations not previously addressed.

First, as a retrospective study, these results are subject to selection
and information bias; however, the WBAT and NWB groups
were well matched on many salient variables that have been
shown to affect fracture healing. However, it remains possible
that potential confounding variables, such as socioeconomic and
insurance status, could influence our results. Second, it is
important to note the study demographics; with mean age of 32.7
the generalizability of these findings must be considered. Finally,
unlike other endpoints with discrete event markers (e.g., death),
radiographs likely never capture the exact point of fracture
progression from 1 mRUST score to another. In the absence of
daily radiographs, this limitation must be accepted. However, the
congruent follow-up betweenWBAT and NWB groups limits the
concern of this limitation.
In conclusion, this study presents the novel finding that weight-

bearing status following intramedullary fixation of femoral
diaphyseal fractures may contribute to the radiographic rate of
fracture healing. This adds support to the larger body of literature
calling for the expeditious advancement of weight-bearing status.
Prospective series are necessary to confirm the results of this
retrospective evaluation.

References

1. Winquist RA, Hansen STJr, Clawson DK. Closed intramedullary nailing
of femoral fractures. A report of five hundred and twenty cases. J Bone
Joint Surg Am. 1984;66:529–539.

2. Kempf I, Grosse A, Beck G. Closed locked intramedullary nailing. Its
application to comminuted fractures of the femur. J Bone Joint Surg Am.
1985;67:709–720.

3. Moed BR, Watson JT. Retrograde nailing of the femoral shaft. J Am
Acad Orthop Surg. 1999;7:209–216.

4. Ricci WM, Bellabarba C, Evanoff B, et al. Retrograde versus antegrade
nailing of femoral shaft fractures. J Orthop Trauma. 2001;15:161–169.

5. Harley BJ, Beaupre LA, Jones CA, et al. The effect of time to definitive
treatment on the rate of nonunion and infection in open fractures. J
Orthop Trauma. 2002;16:484–490.

6. Ostrum RF, Agarwal A, Lakatos R, et al. Prospective comparison of
retrograde and antegrade femoral intramedullary nailing. J Orthop
Trauma. 2000;14:496–501.

7. Ricci WM, Gallagher B, Haidukewych GJ. Intramedullary nailing of
femoral shaft fractures: current concepts. J Am Acad Orthop Surg.
2009;17:296–305.

8. Noumi T, Yokoyama K, Ohtsuka H, et al. Intramedullary nailing for
open fractures of the femoral shaft: evaluation of contributing factors on
deep infection and nonunion using multivariate analysis. Injury.
2005;36:1085–1093.

9. el Moumni M, PA Leenhouts, ten Duis HJ, et al. The incidence of non-
union following unreamed intramedullary nailing of femoral shaft
fractures. Injury. 2009;40:205–208.

10. Metsemakers WJ, Roels N, Belmans A, et al. Risk factors for nonunion
after intramedullary nailing of femoral shaft fractures: remaining
controversies. Injury. 2015;46:1601–1607.

11. Serrano R, Mir HR, Gorman RA2nd, et al. Effect of nail size, insertion,
and delta canal-nail on the development of a nonunion after intra-
medullary nailing of femoral shaft fractures. J Orthop Trauma. 2019;
33:559–563.

12. Clatworthy MG, Clark DI, Gray DH, et al. Reamed versus unreamed
femoral nails. A randomised, prospective trial. J Bone Joint Surg Br.
1998;80:485–489.

13. Canadian Orthopaedic Trauma SNonunion following intramedullary
nailing of the femur with and without reaming. Results of a multicenter
randomized clinical trial. J Bone Joint Surg Am. 2003;85:2093–2096.

14. Taitsman LA, Lynch JR, Agel J, et al. Risk factors for femoral nonunion
after femoral shaft fracture. J Trauma. 2009;67:1389–1392.

15. Brumback RJ, Toal TRJr, Murphy-Zane MS, et al. Immediate weight-
bearing after treatment of a comminuted fracture of the femoral shaft

http://www.otainternational.org


Flanagan et al OTA International (2021) e154 www.otainternational.org
with a statically locked intramedullary nail. J Bone Joint Surg Am.
1999;81:1538–1544.

16. Hajek PD, Bicknell HEJr, Bronson WE, et al. The use of one compared
with two distal screws in the treatment of femoral shaft fractures with
interlocking intramedullary nailing. A clinical and biomechanical
analysis. J Bone Joint Surg Am. 1993;75:519–525.

17. Bhandari M, Guyatt GH, SwiontkowskiMF, et al. A lack of consensus in
the assessment of fracture healing among orthopaedic surgeons. J Orthop
Trauma. 2002;16:562–566.

18. Bishop JA, Palanca AA, Bellino MJ, et al. Assessment of compromised
fracture healing. J Am Acad Orthop Surg. 2012;20:273–282.

19. Litrenta J, Tornetta P3rd, Mehta S, et al. Determination of radiographic
healing: an assessment of consistency using RUST and modified RUST in
metadiaphyseal fractures. J Orthop Trauma. 2015;29:516–520.

20. Kooistra BW, Dijkman BG, Busse JW, et al. The radiographic union scale
in tibial fractures: reliability and validity. J Orthop Trauma. 2010;24
(suppl 1):S81–S86.

21. Whelan DB, Bhandari M, Stephen D, et al. Development of the
radiographic union score for tibial fractures for the assessment of tibial
fracture healing after intramedullary fixation. J Trauma. 2010;68:
629–632.

22. Debuka E, Kushwaha NS, Kumar D, et al. Rust score-An adequate
rehabilitation guide for diaphyseal femur fractures managed by TENS. J
Clin Orthop Trauma. 2019;10:922–927.

23. Cooke ME, Hussein AI, Lybrand KE, et al. Correlation between RUST
assessments of fracture healing to structural and biomechanical
properties. J Orthop Res. 2018;36:945–953.

24. Meinberg EG, Agel J, Roberts CS, et al. Fracture and dislocation
classification compendium-2018. J Orthop Trauma. 2018;32 (Suppl 1):
S1–S170.

25. Litrenta J, Finkelstein MS, Rogers KJ, et al. In vivo correlation of
radiographic scoring (radiographic union scale for tibia fractures) and
biomechanical data in a sheep osteotomy model: can we define union
radiographically? J Orthop Trauma. 2017;31:127–130.

26. Franzone JM, Finkelstein MS, Rogers KJ, et al. Evaluation of fracture
and osteotomy union in the setting of osteogenesis imperfecta: reliability
6

of the modified radiographic union score for tibial fractures (RUST). J
Pediatr Orthop. 2020;40:48–52.

27. Litrenta J, Tornetta PIII, Mehta S, et al. Determination of radiographic
healing: an assessment of consistency using RUST and modified RUST in
metadiaphyseal fractures. J Orthop Trauma. 2015;29:516–520.

28. Sturm R. Increases in morbid obesity in the USA: 2000–2005. Public
Health. 2007;121:492–496.

29. Lynch JR, Taitsman LA, Barei DP, et al. Femoral nonunion: risk factors
and treatment options. J Am Acad Orthop Surg. 2008;16:88–97.

30. Ma YG, Hu GL, Hu W, et al. Surgical factors contributing to nonunion
in femoral shaft fracture following intramedullary nailing. Chin J
Traumatol. 2016;19:109–112.

31. Chiodo CP, Macaulay AA, Palms DA, Smith JT, Bluman EM. Patient
compliance with postoperative lower-extremity non-weight-bearing
restrictions. J Bone Joint Surg Am. 2016;98:1563–1567.

32. Perren SM. Physical and biological aspects of fracture healing with
special reference to internal fixation. Clin Orthop Relat Res. 1979;175–
196.

33. Kalmet PHS, Meys G, Horn YYV, et al. Permissive weight bearing in
trauma patients with fracture of the lower extremities: prospective
multicenter comparative cohort study. BMC Surg. 2018;18:8.

34. Firoozabadi R, Harnden E, Krieg JC. Immediate weight-bearing after
ankle fracture fixation. Adv Orthop. 2015;2015:491976.

35. Kalmet PHS, Horn YYV, Sanduleanu S, et al. Patient-reported quality of
life and pain after permissive weight bearing in surgically treated trauma
patients with tibial plateau fractures: a retrospective cohort study. Arch
Orthop Trauma Surg. 2019;139:483–488.

36. Quested R, Wiltshire D, Sommerville S, et al. The impact of non weight
bearing: a prospective cohort study. Injury. 2017;48:1129–1132.

37. Ottesen TD, McLynn RP, Galivanche AR, et al. Increased complications
in geriatric patients with a fracture of the hip whose postoperative
weight-bearing is restricted: an analysis of 4918 patients. Bone Joint J.
2018;100-B:1377–1384.

38. Gelalis ID, Politis AN, Arnaoutoglou CM, et al. Diagnostic and
treatment modalities in nonunions of the femoral shaft: a review. Injury.
2012;43:980–988.

http://www.otainternational.org

	Weight-bearing status may influence rates of radiographic healing following reamed, intramedullary fixation of diaphyseal femur fractures
	1 Introduction
	2 Methods
	2.1 Design and setting
	2.2 Patient selection

	3 Analysis
	3.1 Power analysis
	3.2 Cohort matching and outcomes of interest

	4 Results
	4.1 Patient characteristics and case-control matching
	4.2 Radiographic healing by weight-bearing group
	4.3 Time to mRUST scores 11 through 14

	5 Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents for Quad Graphics' Midland MI Facility.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 12
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


