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OBJECTIVES: To compare outcomes and complications
between nonoperative and operative management of femur and tibia
fractures in patients with paraplegia or quadriplegia from chronic
spinal cord injury (SCI).

METHODS:

Design: Retrospective cohort study.

Setting: Three Level-1 Trauma centers.

Patient Selection Criteria: All adult patients with paraplegia or
quadriplegia due to a chronic SCI with operative or nonoperative
treatment of a femoral or tibial shaft fracture from January 1, 2009
through December 31, 2019 were included.

Outcome Measures and Comparisons: Outcomes collected
included range of motion, pain, return to baseline activity, extent of
malunion, and treatment complications (infection, pressure ulcers,
nonunion, deep vein thrombosis/pulmonary emobolus, stroke, ampu-
tation, death). Comparison between operative and nonoperative
treatment were made for each outcome.

RESULTS: Fifty-nine patients with acute lower extremity fracture
in the setting of chronic SCI fulfilled inclusion criteria with a median
age of 46 years in the operative group and 47 years in the nonoper-
ative group. Twelve patients (70.6%) in the nonoperative group were
male with 32 (76.2%) male patients in the operative group. Forty-six
patients (78%) presented as low energy trauma. Differences were
seen between operative and nonoperative management for pressure
ulcers (19% vs. 52.9%, P = 0.009) and mean Visual Analog Scale

pain score at first follow-up (1.19 vs. 3.3, P = 0.03). No difference
was seen for rates of infection, nonunion, deep vein thrombosis/
pulmonary emobolus, stroke, amputation, death, return to baseline
activity, and range of motion.

CONCLUSIONS: Tibial and femoral shaft fractures commonly
resulted from low energy mechanisms in patients with chronic SCI.
Operative treatment seemed to decrease morbidity in these patients
via lowered rates of pressure ulcers and decreased pain compared
with nonoperative management.

KEY WORDS: trauma, lower extremity fracture, spinal cord
injury, quadriplegia, paraplegia

LEVEL OF EVIDENCE: Therapeutic, Level III. See Instructions
for Authors for a complete description of levels of evidence.

(J Orthop Trauma 2024;38:592–595)

INTRODUCTION
Approximately 302,000 people in the United States are

living with some form of spinal cord injury (SCI), with about
18,000 new SCI cases each year.1 Advances in the treatment
and care of these individuals have increased survival of the
initial injury; however, many face complications and comor-
bidities postinjury. Osteoporosis is commonly seen in this
patient population with proximal femoral bone mineral den-
sity (BMD) reported to reduce as much as 3.0% per month
within the first year and can decrease up to 50%–70% in the
first 7 years, most commonly in the lower extremities.2,3 A
combination of comorbidities including decreased BMD and
neurologic injury—muscle weakness, decreased protective
sensation, and inhibited reflexes—has resulted in a fracture
rate of roughly 2% in patients with SCI, twice that of non-
injured persons, with lower extremity injury predominating.4

Treatment options for these fractures include both
nonoperative and operative modalities, with ongoing debate
surrounding which approach is superior. Common nonoper-
ative care involves immobilization with bracing or splinting
accompanied by routine radiographic examination to ensure
union and evaluate fracture displacement or malalignment.
Operative options include intramedullary nailing and open
reduction internal fixation, generally using plates and screws.
Although nonoperative measures protect from the risks of
anesthesia or surgery, malunion is a common problem and
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issues such as pressure ulcers can lead to infection and
sepsis.5 However, operative management carries with it the
risk of surgical site infection, along with risks associated with
anesthesia.

Current literature gives unclear guidance as to the best
treatment modality. Mortality has been shown to have no
difference between operative and nonoperative treatment
groups,6 whereas a small case series reported more compli-
cations in nonoperatively treated patients with SCI, including
malunion, nonunion, and venous thromboembolism.7 This
multicenter retrospective cohort study aims to compare out-
come and complication rates for operative and nonoperative
treatment of lower extremity femoral and tibial shaft fractures
in patients with paraplegia or quadriplegia from chronic SCI.

METHODS
After institutional review board approval, the authors

retrospectively reviewed cases of femoral or tibial shaft
fractures treated operatively or nonoperatively in patients
with chronic SCI over a 10-year period at 3 Level-1 Trauma
centers. Inclusion criteria were as follows: age .18 years at
time of fracture, timing of fracture between January 1, 2009
and December 31, 2019, CPT codes 27506, 27507, 27758,
27759 (operative) or 27500, 27502, 27750, 27752 (nonoper-
ative) in patients with paraplegia or quadriplegia (ICD9 codes
344.0, 344.1 and ICD10 code G82) due to chronic
(.6 months before lower extremity fracture) SCI. Patients
were excluded if they had less than 3 months of follow-up,
were pregnant at time of fracture and/or treatment, and if
paraplegia or quadriplegia were from a cause other than SCI.

After medical record review, patients were categorized
based on operative or nonoperative management of their
fracture. Demographic data, including medical comorbidities,
were collected. American SCI Association Impairment Scale
score was calculated based on baseline before fracture and
recorded. Injury characteristics were gathered, including
mechanism of injury, fracture location, and type of implant
used if treated operatively. The authors collected complica-
tions, including those resulting from closed management (ie,
pressure sores), infection, reoperation, nonunion, and mal-
union. Medical complications occurring during the course of
treatment were also recorded. Clinical outcomes {range of
motion [ROM] (knee ROM—not recorded, limited or normal
—same as other side), pain (Visual Analog Scale [VAS],
return to baseline activity [yes/no])} and radiographic out-
comes [malunion (.20 degrees)] were collected. Only pa-
tients with at least 3 months of follow-up were included for
statistical analysis.

Statistical Analysis
Demographic data were summarized using descriptive

statistics. Student t-test was used to compare continuous var-
iables between groups. x2 test and Fisher exact test were used
for comparing categorical variables. Statistical significance
for all tests was set a priori at alpha , 0.05. All statistical
calculations were performed using STATA 16 software
(StataCorp. 2019 Stata Statistical Software: Release 16.
College Station, TX: StataCorp LLC; 2019).

RESULTS
After medical record review, a cohort of 59 patients

with acute lower extremity fracture in the setting of chronic
SCI met all inclusion criteria and no exclusion criteria.
Demographics and comorbidities were similar between
groups with a median age of 46 years in the operative group
and 47 years in the nonoperative group (P = 0.39). Twelve
patients (70.6%) in the nonoperative group were male with 32
(76.2%) male patients in the operative group. Forty-six pa-
tients (78%) presented as low energy trauma and 12 (20%) as
high energy. Seventeen patients (28.8%) were managed non-
operatively, whereas operative treatment was utilized for 42
patients (71.2%). Intramedullary nailing was the most com-
mon operative procedure, occurring in 38 (90%) operative
cases.

On analysis of complications and outcomes, differences
were seen between the operative and nonoperative group for
pressure ulcers [19% (8/42) vs. 52.9% (9/17), P = 0.009] and
mean VAS pain score at first follow-up (1.19 vs. 3.3, P =
0.03). No statistically significant difference was seen between
operative and nonoperative management for rates of infection
[14.3% (6/42) vs. 23.5% (4/17), P = 0.39], nonunion [2.4%
(1/42) vs. 11.8% (2/17), P = 0.13], deep vein thrombosis
(DVT) or pulmonary emobolus (PE) [4.8% (2/42) vs.
17.7% (3/17), P = 0.10], stroke [2.4% (1/42) vs. 0% (0/17),
P = 0.52], amputation [2.4% (1/42) vs. 5.9% (1/17), P =
0.50], or death [4.8% (2/42) vs. 0% (0/17), P = 0.36].
Outcomes were similar between operative and nonoperative
groups for return to baseline activity (mean of 4 vs. 6 months,
P = 0.08) and ROM, with no ROM in 28.6% (12/42) opera-
tive versus 17.7% (3/17) nonoperative, limited ROM in
19.1% (8/42) operative versus 11.8% (2/17) nonoperative,
and full ROM in 52.4% (22/42) operative versus 70.6%
(12/17) nonoperative. Further illustration of all data can be
found in Tables 1–4.

DISCUSSION
Patients with para- or quadriplegia after SCI have an

increased risk for lower extremity long bone fractures second-
ary to their neurologic injury and decreased BMD.4 The
Orthopedic Trauma Association published clinical practice
guidelines on lower extremity fractures in the setting of SCI
and identified a lack of data available on this topic, ultimately
recommending consideration for surgical treatment in these
patients.8 A recent systematic review has also identified insuf-
ficient evidence to support operative or nonoperative manage-
ment as best practice for patients with SCI and lower
extremity fracture.9 To address this deficit, the authors present
a cohort of 59 patients with SCI and lower extremity fractures
to assess the impact of operative and nonoperative manage-
ment. This cohort demonstrated that operative intervention
was associated with a lower rate of pressure ulcers (19%
vs. 52.9%, P = 0.009) and lower VAS pain scores (1.19 vs.
3.3, P = 0.03) when compared with those treated nonopera-
tively. These findings suggest that operative management for
tibial and femoral shaft fractures may decrease morbidity for
patients with chronic SCI who are inherently at increased risk
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for low energy fractures secondary to their bone’s altered
metabolism.

Current literature surrounding management of lower
extremity long bone fractures in patients with chronic SCI is
limited. Some studies report outcomes and mortality as
similar between operatively and nonoperatively managed
lower extremity fractures,6,10 whereas other studies are con-
flicting regarding outcomes and complications.7,11–13 In this
cohort of 59 patients, mortality rates and union outcomes
showed no difference, but rates of pain and pressure ulcers
were significantly lower in those managed operatively. Much
of the literature combines all lower extremity fractures into
a single group when evaluating outcomes, but variation inher-
ently exists among fracture types. Rate of union has shown to
be affected by fracture characteristics, such as fracture clas-
sification and localization, with displaced proximal femur
fractures developing nonunion regardless of treatment
approach.14 Contrasting this to our study of femoral and tibial
shaft fractures, in which rates of nonunion were similarly less
than 15%, collectively evaluating lower extremity fractures
for differences between operative and nonoperative manage-
ment may be inadequate.

The clinical impact of comorbidities on healing and
patient outcomes should also be considered when evaluating

these data. Comorbidities have been shown to increase the
risk of amputation after lower extremity fracture in patients
with a preexisting SCI.13 Although no statistically significant
differences surrounding comorbidities were observed in this
study, sequelae were observed clinically. Literature has estab-
lished the deleterious effects of SCI on lower extremity BMD
and its subsequent impact on fracture risk.2,3,15 This study’s
high number of low energy mechanism of injury may be
a clinical representation of the underlying altered bone metab-
olism. Although not statistically significant, a difference was
seen between operative and nonoperative management for
infection rates, nonunion, DVT/PE, and amputation. The
absolute percentages were at least half for nearly all of these
outcomes and may be insignificant due to relatively low
power with only 17 patients who were treated nonoperatively.
Secondary outcome of VAS found differences in Minimum
Clinically Important Difference (MCID) scores that are sim-
ilar to MCID scores published for foot and ankle surgery and
knee replacement surgery.16,17 The calculated MCID scores
have been reported in foot and ankle surgery to range from
1.8 to 5.2 points for VAS pain. In total joints, a statistically
significant VAS has been reported to be improving 218.6
and 222.6 mm for total hip arthroplasty and total knee ar-
throplasty patients. These differences were in the same range
of differences that was found between the operative and non-
operative groups.

TABLE 1. Patient Characteristics (n = 59)

Nonoperative (n = 17) Operative (n = 42) P

Age, median (IQR) 47 (20) 46 (19) 0.39

Sex (%) 0.65

Female 6 (29.4) 10 (23.8)

Male 12 (70.6) 32 (76.2)

Race (%) 0.98

White 15 (88.2) 32 (76.2)

Other 2 (11.8) 10 (23.8)

Comorbidities (%)

Diabetes 2 (11.8) 5 (11.9) 0.98

Cardiovascular disease 3 (17.7) 7 (16.7) 0.92

Cancer 2 (11.8) 2 (4.8) 0.33

COPD 1 (5.9) 2 (4.8) 0.81

Dementia 0 1 (2.4) 0.53

Obesity 4 (23.5) 7 (16.7) 0.54

Smoking 4 (23.5) 20 (47.6) 0.08

TABLE 2. Injury Characteristics (n = 59)

Nonoperative (n = 17) Operative* (n = 42) P

Mechanism (%) 0.18

Low energy 14 (82.4) 32 (66.2)

High energy 2 (11.8) 10 (23.8)

Gun shot wound 1 (5.9) 0

Level of SCI (%) 0.97

Cervical 6 (35.3) 14 (33.3)

Thoracic 10 (58.8) 25 (59.5)

Lumbar 1 (5.9) 3 (7.8)

*90.5% of the patients were treated using intramedullary nail fixation.

TABLE 3. Complications (%), n = 59

Nonoperative (n = 17) Operative (n = 42) P

Infection 4 (23.5) 6 (14.3) 0.39

Pressure ulcers 9 (52.9) 8 (19) 0.009*

Nonunion 2 (11.8) 1 (2.4) 0.13

DVT/PE 3 (17.7) 2 (4.8) 0.10

Stroke 0 1 (2.4) 0.52

Amputation 1 (5.9) 1 (2.4) 0.50

Death 0 2 (4.8) 0.36

*Statistically significant P-value , 0.05.
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Limitations to this study include its retrospective nature
and dependence on prior documentation. It was also not
systematically determined if a decubitus ulcer was present or
influenced decision making. A decubitus ulcer would cer-
tainly raise the risk of an operative infection and could be
included in a larger study. Furthermore, focusing investiga-
tion specifically on shaft fractures of the femur and tibia
weakened the statistical power. However, the authors believe
focused studies like this are vital in determining treatment
guidelines.

Further investigation is necessary surrounding lower
extremity fractures in patients with SCI with need for specific,
high-quality, multicenter randomized control trials or at least
a prospective observational trial from which best practice
recommendations can be established.

In this cohort of 59 patients with chronic SCI who
sustained fractures of the femoral and tibial shaft, operative
management yielded fewer complications and less pain
compared with nonoperative methods with similar bony
outcomes between the groups. Bony healing and mortality
are important considerations, but patient experience can be
greatly affected by any aspect of their healing process. This
study suggests that there exists opportunity to decrease patient
morbidity through operative management of femoral and
tibial shaft fractures in this subset of orthopedic patients.

CONCLUSIONS
Tibial and femoral shaft fractures commonly result

from low energy mechanisms in patients with chronic SCI.
Operative treatment seemed to decrease morbidity in these
patients via lower rates of pressure ulcers and decreased pain
compared with nonoperative management.
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TABLE 4. Outcomes (n = 59)

Nonoperative (n = 17) Operative (n = 42) P

Range of motion (%) 0.44

No 3 (17.7) 12 (28.6)

Limited of range 2 (11.8) 8 (19.1)

Yes 12 (70.6) 22 (52.4)

Pain scale VAS first follow-up, mean (SD) 3.3 (3.5) 1.19 (2.5) 0.03†

Return to baseline, median (IQR)* 6 (5) 4 (4) 0.08

*Measured in month.
†Statistically significant P-value , 0.05.

Lower Extremity Shaft Fractures in Chronic SCIJ Orthop Trauma � Volume 38, Number 11, November 2024

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved. www.jorthotrauma.com | 595

Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/jorthotraum
a by k38zdtH

xkv5R
00xx69X

bF
D

D
k6h7dLH

cX
uofgm

9l4ugT
l

K
3Z

M
8S

Q
olhsdY

i7D
N

4yvcLK
C

g6T
G

huP
ow

w
gr5Q

A
T

ykC
r8K

T
rnE

xH
8nIdI5/P

j8z26Q
D

T
W

vM
10uR

S
fiqW

aQ
W

5pB
Z

f2uC
3S

gY
=

 on
11/01/2024


