Journal of the Pediatric Orthopaedic Society of North America 10 (2025) 100137

Contents lists available at ScienceDirect

OURNAL OF ml

POSNA

7

NE3 Journal of the Pediatric Orthopaedic
POSNA Society of North America

L POSNA

journal homepage: www.jposna.com

Original Research

Advantages of a Dedicated Orthopaedic Trauma Room for Children With ]

Check for

Fractures of the Femur Treated at a Pediatric Community Hospital

Jennifer A. Sheasley, MD'; Anna Faino, MSc?; Apeksha Gupta, MPH?; Viviana Bompadre, PhD";
Gregory A. Schmale, MD*>*"

1 University of Washington School of Medicine, Seattle, WA, USA

2 Center for Clinical and Translational Research, Seattle Children's Research Institute, Seattle, WA, USA

3 Department of Orthopaedics and Sports Medicine, University of Washington School of Medicine, Seattle, WA, USA
4 Department of Orthopedics and Sports Medicine, Seattle Children's Hospital, Seattle, WA, USA

ARTICLE INFO ABSTRACT

Keywords: Background: The benefits of a dedicated orthopaedic trauma room (DOTR) for patients with isolated femur
Femur fracture fractures have not been reported from a pediatric community hospital.

Pediatric

Methods: Twenty-three years of skeletally immature patients treated for an isolated diaphyseal femur fracture with

two flexible intramedullary nails, Pre-DOTR: 2000-2015 and Post-DOTR: 2016-2022, were reviewed for com-

parison of patient demographics and injury patterns, timing and durations of surgery, fellow presence, duration

and cost of hospitalization, and complication rates.

Results: One hundred fifty-three patients were identified. One hundred twenty-six patients underwent surgery pre-

DOTR and 27 post-DOTR. Demographics were similar between groups, except the post-DOTR patients were

younger (mean age 7.4 years vs 9.0 years, P = 0.002). There was no significant difference in the percentage of

patients undergoing surgery within 18 h of admission pre- and post-DOTR (78% vs 93%, respectively, P = 0.53).

Post-DOTR surgeries were more frequently daytime (93%) than pre-DOTR (56%, P < 0.001). Fellows were

present in 8% of pre-DOTR vs 44% of post-DOTR procedures (P < 0.0001). Average durations of surgery post-

DOTR were significantly longer (118 min vs 93 min, P = 0.031). Lengths of stay post-DOTR were significantly

shorter (3.0 days vs 3.5 days, P = 0.016), with substantial potential cost savings. There was no significant dif-

ference in complication rates pre- and post-DOTR (21% and 22%, P = 0.85).

Conclusions: Implementing a guaranteed first start for orthopaedic trauma via a DOTR at a pediatric community

hospital, a pediatric non-Level I or II trauma center, allowed for daytime surgery without prolonging hospital stays

for pediatric patients undergoing flexible intramedullary nailing for a femur fracture. Guaranteed morning OR

block time for orthopaedic trauma decreased lengths of hospital stay and enabled a larger percentage of surgeries

to be done during daytime hours. Shorter hospital stays suggest substantial cost savings, while early daytime

surgery for nonemergent procedures avoided burdening families with prolonged waits to surgery.

Key Concepts:

(1) A daily dedicated orthopaedic trauma room (DOTR) for operative treatment of orthopaedic trauma in a pediatric
community hospital results in the vast majority of femur fracture surgeries being performed during daytime hours.

(2) Even with a delay of many femur fracture surgeries until the next morning, a DOTR does not increase the
fraction of patients treated outside the 18-h window from admission.

(3) A DOTR for operative treatment of pediatric femur fractures in a community pediatric hospital can decrease
lengths of stay for patients treated for diaphyseal femur fractures.

(4) A DOTR may decrease the costs of hospitalization by decreasing lengths of stay for patients treated for
diaphyseal femur fractures.

Level of Evidence: Therapeutic, Level III - Retrospective comparison study

Surgery timing
Surgical costs
Complications
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Introduction

Femur fractures in children and adolescents are common, with an
annual incidence of 19.15 per 100,000 [1,2]. Typical mechanisms of
injury include falls and motor-vehicle accidents [3-5]. Rates of fracture
are influenced by age, sex, season, and socioeconomic conditions [6,7].
Intramedullary flexible nailing of the femur is a recognized and recom-
mended treatment method for many fracture patterns in children and
young adolescents with open physes, with high union rates and good
functional results [8-12]. Flexible nailing of fractures in patients 5-11+
years of age can be performed via limited surgical exposure, allowing for
early mobilization, limit the risks of osteonecrosis, growth abnormalities,
or refracture [8-12]. However, reported complication rates for flexible
intramedullary nailing of the femur are quite variable, from under 10% to
over 75%, due to nail prominence, excessive shortening, angular and
rotational malalignment, growth abnormalities, and infection, often
leading to unplanned reoperation [13-18]. Prior research has demon-
strated several factors influencing complications, including patient fac-
tors such as age, sex, weight, fracture pattern and cardiac comorbidity,
and surgical factors such as prolonged operative time, insufficient
advancement of nail ends, and nail type [19-21]. Identifying additional
factors associated with decreased complication rates can provide insight
into actions that may produce cost-savings for hospitals.

The benefits of a dedicated orthopaedic trauma room (DOTR) at adult
and pediatric Level-I trauma centers have been well described [22-30].
Having a guaranteed first start for orthopaedic trauma via a DOTR and
having surgery for diaphyseal femur fractures within 18 h of admission
have been a U.S. News and World Report (USNWR) quality measure for
many years [31]. The positive impacts of initiation of a DOTR have been
widely reported, with decreased complication rates, surgery durations,
lengths of hospital stay, and, in some reports decreased times from
admission to surgery [24-28,32,33]. Dedicated block time for ortho-
paedic trauma has also been reported to minimize the disruption of
elective cases [21] and scheduled clinics [31], as well as increasing ca-
pacity without compromising patient safety, as demonstrated at one
institution through the use of a part-time DOTR at an outpatient satellite
surgery center to decompress a Level-1 trauma center [34].

This study intended to identify the impacts of a DOTR at one pediatric
community hospital, a pediatric non-Level I or II trauma center, where
pediatric patients with isolated femur fractures and not polytrauma were
routinely treated, examining patient- and institution-related factors pre-
and post-initiation of a DOTR. We hypothesized that guaranteed morning
OR block time for orthopaedic trauma via a DOTR would have the
following effects on pediatric patients undergoing flexible nailing surgery
for their femur fracture: 1) little impact on mean times from admission to
surgery, 2) more procedures completed during the daytime; 3) proced-
ures of shorter duration; 4) decreased length of hospital stay; and 5)
lower complication rates.

Materials and methods

An internally funded and IRB-approved retrospective review of
medical records for 23 years of patients treated between the ages of 4 and
15 years who underwent intramedullary nailing of a diaphyseal femur
fracture, AO classifications 32-D/4.1, 5.1-2 [35], CPT code 27506, at one
pediatric community hospital, a pediatric non-Level I or II trauma center,
was performed to ascertain the impact of a dedicated orthopaedic trauma
room (DOTR) on times from admission to surgery, the rate of daytime
procedures, procedure durations, lengths of stay, and complication rates
by comparing two periods of time: 2000-2015, prior to the institution of
the DOTR, and 2016-2022, following the institution of the DOTR. Prior to
2016, femur fractures were treated in the first available urgent but non-
emergent OR, often the night of admission or following the next day's
elective schedule. Beginning in 2016, the majority of night presentations
of patients with orthopaedic trauma were treated with surgery early the
following day by a rotating member of our pediatric orthopaedic service.

Journal of the Pediatric Orthopaedic Society of North America 10 (2025) 100137

A guaranteed first start for orthopaedic trauma in one OR for one-half-day
was implemented in 2016. Patients were classified "pre-DOTR" if they
underwent operation between January 1, 2000, and December 31, 2015,
and "post-DOTR" if treated between January 1, 2016, and December 31,
2022. Included patients were skeletally immature, had sustained a closed
isolated diaphyseal fracture of the femur without neurovascular injury
and were treated with a pair of stainless steel or titanium flexible nails.
Patients were excluded if they underwent rigid nailing, had a closed distal
femoral physis, were nailed with a single flexible nail, were plated, had
pathologic bone throughout the femur, sustained a peri-articular fracture,
or had less than 3 months of follow-up (Fig. 1.)

Demographic data collected included sex, age, weight, race, and
fracture type (fracture location and stability [36]) and were compared to
assess similarities between groups. Treatment variables collected
included nail type, length of time from admission to surgery, time of day
of surgery, length of operation, whether a fellow was present during
surgery, length of hospital stay, and complications. Complication status
was categorized using the modified Clavien-Dindo classification Grades
II, III, and IV, excluding the Grade I complications that "required no
treatment and had no clinical relevance." [37,38] Related complications,
such as nail prominence due to fracture shortening, were graded as a
single complication. The designation of "daytime" surgery was given to
those procedures begun between 7:00 a.m. and 5:00 p.m.

Complication rates and outcome variables were compared between
the pre- and post-DOTR groups. The potential impact of patient age on
complication status, length of operation, and length of stay was also
assessed by dividing patients into "younger" and "older" age groups, with
the split at the median age of patients and comparing groups. Wilcoxon
rank sum tests and Fisher's exact tests were used to compare continuous
and categorical variables between groups. All analyses were performed
with R version 4.1.2, and a two-sided test P-value less than 0.05 was
considered statistically significant. The Revised Standards for Quality
Improvement Reporting Excellence (SQUIRE 2.0) served as a guide in
preparation of this manuscript [39].

Results

One hundred fifty-three patients who met the inclusion criteria were
identified. Forty-two patients were female, and 111 were male. Mean age
at surgery was 8.7 years (range 4.1-14.4 years). The mean weight at
surgery was 32.6 kg (range 17 kg—66 kg). The mean follow-up was 14.6
months (range 3-76 months).

There were 126 patients pre-DOTR and 27 patients post-DOTR. The
distribution of patients across demographic variables, injury types
(location of fracture, fracture length-stability), and treatment variables of
the two groups were similar with one exception: patients post-DOTR
were younger (7.4 years vs 9.0 years, P = 0.0019) (Table 1).

There were no significant differences in time from admission to sur-
gery or rate of surgeries performed within 18 h of admission when
comparing groups (Table 2).

There was a greater percentage of surgeries performed during daytime
hours in the post-DOTR period than the pre-DOTR period (93% vs 56%, P
< 0.001). Average length of surgery was shorter pre-DOTR than post-DOTR
(93 min vs 118 min, P = 0.031). Fellows were present in 8% of pre-DOTR vs
44% of post-DOTR procedures (P < 0.0001). Post-DOTR, average duration
of surgery with fellows was significantly shorter than those without (mean
durations 97 min vs 137 min, respectively, P = 0.02). The mean length of
hospital stay pre-DOTR was longer than length of stay post-DOTR (3.5 days
vs 3.0 days, P = 0.012). When dichotomizing age at the median of 8.4
years, we also found that there were no significant differences in length of
operation or length of stay by age category (length of operation: median of
89 and 83.5 min for younger vs older age, respectively, P = 0.73; length of
stay: median of 3 days for both younger and older patients, P = 0.053).

Overall, there were 32 patients with complications. Twenty-one of
the complications were Grade 3, resulting in an unplanned return to the
OR, while 11 were Grade 2 (Table 3).
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The most common complications were 1) implant prominence and 2)
acute shortening, though abnormal growth and development of the
femur was also noted in two patients with long-standing retained flexible
nails (Fig. 2).

There was no difference in complication rates comparing the pre- and
post-DOTR periods. There was no difference in complication rates
comparing length-stable to length-unstable fractures in either time
period. Though the mean age of patients differed when comparing the
pre- and post-DOTR periods, patient age was not significantly associated
with complication status (median of 8.4 years for both complication and
noncomplication, P = 0.31).

Discussion

This study compared 153 pediatric patients with an isolated femur
fracture who underwent flexible intramedullary nailing before or after the
implementation of a DOTR at a pediatric non-Level I or II trauma center
and revealed its benefits: a majority of surgeries performed within 18 h of
patients' admission, nearly all surgeries for urgent but not-emergent femur
fractures being performed during daytime hours, and decreased lengths of
stay. A similar significant decrease in nighttime surgeries for femur frac-
tures after instituting a DOTR was also found by Bhattacharyya et al. [22],
Beebe et al. [24], Brusalis et al. [23], Wixted et al. [30], reporting on care
of orthopaedic injuries at Level-I trauma centers.

We did not see a decrease in overall complication rates from the pre-
to post-DOTR periods. Similarly, Brusalis did not find a difference in
complication rates in their treatment of femur fractures [23]. However,
they did find that complications in the treatment of supracondylar frac-
tures of the humerus dropped significantly after the institution of a
trauma room. Lower complication rates for daytime surgeries have been
consistently reported in the orthopaedic literature [22,25,29,40,41].
Reasons for increased complication rates for surgeries performed at night
may relate to hospital staffing issues, including delays in treatment due to
mandatory operating room closures as evenings progress, the possibility
that operating room staff on after-hours shifts may not be appropriately
trained in orthopaedic trauma implants or surgical techniques, or a lack
of specialized equipment for urgent nighttime use [25]. Fatigue may also
lead to increased complications during overnight surgeries, as surgeons
and medical care providers may be extending their work hours beyond
their routine with prolonged hours of work overnight. Sleep deprivation

Screened: Patients with Femur Fractures
identified by a variety of search methods
(n=431)
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Table 1.
Patient demographics for patients pre- and post-implementation of DOTR.
Demographics Pre-DOTR Post-DOTR P-
Value
Male sex 71.4% 77.8% 0.5023
Patient age (years) median (IQR) 9.0 8.7 (3.50) 7.4 6.7 (2.64) 0.0019*
Patient weight (kg) median (IQR) 32.630.0(16.0) 28.725.9(14.1) 0.0892

" Indicates statistically significant.

Table 2.
Surgical demographics and complication rates for patients who had surgery
during pre- and post-implementation of the DOTR.

Surgery details Pre- Post- P-Value
DOTR DOTR
Surgery within 18 hours of admission 77.8% 92.6% 0.5292
Surgery performed on weekday 64.3% 74.1% 0.3298
Surgery performed during daytime hours  56.3% 92.6% 0.0003*
Rate of fellow attendance 8% 48% <0.0001*
Length of operation (minutes) 93.3 117.8 0.0314*
Length of hospital stay (days) 3.5 3.0 0.0123*
Length of follow-up (months) 15.8 8.9 0.0967
Complication rate 21% 22% 0.85

" Indicates statistically significant.

is well-known to impair attention and ability to focus: in studies of cli-
nicians, less than five hours of sleep per night reduced ability to perform
previously learned tasks, impaired decision-making ability, lowered
concentration; and sleep deprivation has also been shown to decrease
overall performance in an arthroscopy simulator task [42,43]. Further-
more, late-night procedures may require surgeons to work with smaller
teams, potentially without the ideal number of assistants [38]. Disrup-
tions in circadian rhythms caused by overnight work may also have
deleterious effects [44]. The implementation of a DOTR serves as a
benefit for both surgeons and staff, as fewer nighttime procedures may be
preferred by on-call providers [33].

Excluded (n=278)

Treated by cast or splint (n=113)

Treated by single flexible or rigid nail (n=45)

Surgery elsewhere (n=37)

Patients medically complex (e.g. neuromuscular disease,
underlying metabolic or genetic disorders) (n=33)

Less than 3 months follow-up (n=20)

Non-diaphyseal fractures (n=16)

Pathologic fracture through extensively involved bone (n=8)

Treated with a plate (n=6)

Included Patients
(n=153)

Figure 1. Strobe flow diagram. The numbers of screened and included patients are shown.



J.A. Sheasley et al.

Table 3.
Complications by the modified Clavien and Dindo scale [36].
Primary complication Pre-DOTR Post-DOTR
Grade2 Grade3 Grade2 Grade3
Re-fracture 1 0
Fracture instability 1
Infection 3 1
Loss of alignment greater than 5° 1 1
varus/valgus or 10° Procurvatum/
recurvatum
Limb overgrowth or acute 3 1 3]
shortening greater than 1 cm
Implant related issues (nail or screw 2 10 1 2
prominence)
Abnormal growth of femur 2
Totals 10 16 1 5
Overall complication rates 26/125 or 21% 6/27 or 22%

Prior to the institution of our DOTR, surgery for patients with a femur
fracture was often performed the evening of patient admission or, less
frequently, late the following day. Despite postponing surgeries to the
following morning, we found no significant difference in the rates of
surgery performed within 18 h of admission when comparing pre- and
post-DOTR periods, indicating that delaying potentially overnight sur-
geries until morning did not lead to a greater percentage of femur frac-
ture surgeries falling outside of the 18-h benchmark at our institution.
The DOTR effectively facilitated daytime surgeries within 18 h, as over
90% of surgeries were performed during the day.

The rates of complications reported in the literature for intramedullary
fixation of femur fractures vary widely, depending on the criteria used. Our
complication rate of 21% (32/152) was similar to that described by others
[13,16,45]. Flynn reported on 58 patients treated with intramedullary
fixation of femur fractures and found only “satisfactory” results in 18 of 58,
or 31%, with “satisfactory” being a down-grade from excellent due to
5-10° of malalignment, 1 cm-2 cm leg length inequality, soft-tissue irri-
tation by the prominent nail, refracture after hardware removal, and
backing-out of the nail, and one poor result (20° varus malalignment) [13].
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Sink et al. reported complications in 24 of 39, or 62% of patients treated
with flexible titanium nails for femur fractures [32]. Eight returned to the
OR prior to complete fracture healing (21%), and six of these were length
unstable. As this study revealed no increased rate of complications with
length unstable fractures, the rate of unplanned return to the OR, not
surprisingly, was substantially lower at 14% (21/152). Baghdadi reported
on 841 femur fractures in 832 patients treated via a variety of methods
with a rate of unplanned return to the operating room of 5.3% within the
first 6 months postsurgery, lower than the rate reported in this study,
though we included all unplanned returns to OR at any time in patients
with a minimum 3 months of follow-up [16].

The increased mean duration of surgery found in the post-DOTR
period has not been demonstrated in recent literature; Brusalis found
no change in duration of surgery or time in operating room [23], while
Bhattacharyya found closed femoral nailing took significantly longer
after-hours [22]. One might hypothesize longer procedure duration
during the post-DOTR period to be due to increased teaching, as a fellow
was present significantly more often during post-DOTR procedures,
where their role would be to lead a resident through the procedure once
comfortable with the technique; however, we found the exact opposite to
be true: procedures performed with fellows in the post-DOTR periodwere
of significantly shorter duration than those without.

The mean length of hospital stay was significantly shorter in the post-
DOTR period. Shorter hospital stays were also reported by Brusalis
following their DOTR implementation. They reported a mean duration of
inpatient hospitalization decreased by 5.6 h across all orthopaedic pro-
cedures and resulted in a mean cost reduction of $1251 per patient [23].
Considering that value equals quality divided by cost, decreasing lengths
of stay, ie lowering costs without compromising quality, would be a
positive “value-increasing” change [46]. Though Grauberger et al. and
others argue that maintaining quality despite prolonged times from
admission to surgery justifies the increased wait times to surgery [47,48],
Blakemore et al. point out that the added value of decreased wait times to
surgery and thereby shorter lengths of hospital stay would be appreciated
not only by hospitals but families as well [49].

Limitations

A major limitation of this study was its retrospective nature. Pro-
cedures were completed by multiple surgeons, and documentation of

Figure 2. Demonstration of abnormal growth of the femoral metaphysis with an Erlenmeyer flask appearance of the distal femur in a 9-year-old patient 3-1/2 years
after intramedullary fixation of their femur fracture with flexible nails. A: injury; B1 and B2: early postoperative; C1 and C2: 3-1/2 years postoperative.
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patient exams and function were not standardized prior to data collec-
tion. Information on patient pain pre-and post-operatively and patient
and parent satisfaction surveys were not routinely collected. Surveys of
surgeon fatigue were not performed. With the 23-year span of data
collection, practice patterns have shifted: fewer length unstable fractures
are being treated with flexible nails, given the advantages of submuscular
plating [50], and broader indications for rigid nailing with the intro-
duction of trochanteric entry nails also means fewer flexible nailings
being performed [51]. Of note, we found no greater rate of complications
in the length-unstable fractures across the whole study period, typically
treated in the pre-DOTR period with flexible nailing, now more often
treated with submuscular plating or rigid nailing. Given these changes in
practice patterns, it is not surprising that the mean age of those treated
with flexible intramedullary nailing of the femur was significantly
younger in the post-DOTR period. However, we did not find that the
difference in age between groups had a significant impact on complica-
tion rates, lengths of surgery, or lengths of stay. We suspect that the lack
of a decrease in complication rates overall post-DOTR may have, in part,
been due to smaller post-DOTR numbers, resulting in inadequate power
to detect a difference between groups, should one have existed, with only
7 years of data included in the post-DOTR period (2016-2022; 27 pa-
tients), compared to 16 years in the pre-DOTR period (2000-2015; 126
patients).

No analysis of factors contributing to lengths of stay of 3-3.5 days was
performed for these patients, though we suspect that both patient-related
factors, such as challenges in achieving adequate independence in
mobilization and adequate pain control postoperatively, as well as
institutional factors, such as the limited availability of physical therapy
services on the weekends, contributed to these lengths of stay following
surgery.

An additional limitation of the study would be the lack of analysis on
the impact of reserving an operating room as a DOTR for a half day every
Monday through Friday throughout the year, as reported here, including
the opportunity cost of not booking elective cases during that time. The
DOTR was typically reserved until 6 a.m. each day, at which point
unbooked time was released to other surgical services, though un-
doubtedly there were days in which the block went unfilled. Allowing
inclusion of patients with only 3 months of follow-up likely under-
estimated true complication rates, though doing so for both the pre- and
post-DOTR groups likely limited the impact of such broad inclusion
criteria on overall comparisons.

Conclusion

Implementing a guaranteed first start for orthopaedic trauma via a
DOTR at a pediatric community hospital, a pediatric non-Level I or II
trauma center, allowed for daytime surgery without prolonging hospital
stays for pediatric patients undergoing flexible intramedullary nailing for
a femur fracture. Guaranteed morning OR block time for orthopaedic
trauma decreased lengths of hospital stay and enabled a larger percent-
age of surgeries to be done during daytime hours. Shorter hospital stays
suggest substantial cost savings, while early daytime surgery for non-
emergent procedures avoided burdening families with prolonged waits
to surgery.
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