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Background/Purpose: The application of Lean Six Sigma (LSS) methodology represents a 
novel trend that is being adopted by academic institutions, private hospitals, and residency 
curriculums. Such management theory may be most useful in orthopaedic trauma settings; 
however, orthopaedic trauma literature rarely reports both positive and negative findings 
associated with LSS. The scope of this study is to illustrate the application of LSS principles 
in the implementation of a hip fracture integrated care pathway (ICP) designed to reduce 
the number of patients receiving operative care beyond 48 hours of admission.
 
Methods: A multidisciplinary team was assembled at a Level I academic trauma center to 
create a hip fracture ICP with use of LSS principles. From April 2011- April 2012, the mul-
tidisciplinary team examined hip fracture care to identify wastes occurring in the process 
that prolonged time to surgical intervention. By April 2012 several LSS tools including 
process flow maps, stakeholder and failure analyses, as well as patient focus groups, led to 
the formation of a standardized hip fracture order set. The ICP was designed to decrease 
time to surgery to less than 48 hours from April 2012 onward. The implementation of the 
ICP occurred in a prospectively observational manner. After a year of implementation, IRB 
approval was obtained to compare pre- and postimplementation metrics. Chart review 
allowed for direct comparison of pre- (April 2011- April 2012) and postimplementation 
(April 2012- April 2013) measurements including: time to surgery, percentage of patients 
operated beyond 48 hours, duration of surgery, complication detection, transfusion rate, 
length of stay (LOS), hospital cost and charge, 30-day readmissions, and inhospital mortal-
ity. Inclusion criteria for both cohorts included patient age >55 and radiographic evidence 
of hip fracture that indicated surgical intervention. Baseline characteristics were compared 
for respective cohorts including age, gender, body mass index (BMI), American Society of 
Anesthesiologists (ASA) score, fracture type (intertrochanteric, subtrochanteric, and femoral 
neck), and instrumentation (percutaneous hip screws, cephalomedullary nails, dynamic hip 
screws, hemiarthroplasty, and total hip arthroplasty). Χ2 results were used for categorical 
data, and sample t tests were used to assess continuous variables. Significance was assigned 
to P values <0.05.
 
Results: A total of 505 hip fracture patients met inclusion criteria. A total of 221 patients entered 
the preimplementation cohort, and 284 were incorporated in the postimplementation cohort. 
Evaluation of baseline characteristics revealed no statistical significance between pre- and 
postimplementation cohorts with regard to gender, age, BMI, ASA score, fracture type, and 
instrumentation. The postimplementation cohort demonstrated reduction in time to surgery 
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that approached significance (preimplementation: 26.11 hours vs postimplementation: 22.75 
hours, P = 0.06). The percentage of patients that received operative fixation beyond 48 hours 
significantly decreased (9.50% vs 4.23%, P = 0.01). Clinical outcomes were also assessed to 
elucidate the relationship of LSS application to well-known quality improvement metrics. 
Significantly more complications were detected in the postimplementation cohort (57.91% 
vs 77.19%, P < 0.01). In conjunction with complication detection, the postimplementation 
cohort displayed significantly shorter LOS (6.06 vs 5.28 days, P = 0.02) and decreased hospital 
cost by 9.7% (P = 0.016). 30-day readmission rate decreased from 22.62% to 17.19% following 
implementation of ICP (P = 0.13). Finally, the postimplementation cohort demonstrated a 
lower postoperative transfusion rate that approached significance (50.53% vs 58.37%, P = 
0.07). In turn, this resulted in a 9.7% cost savings per case, and an estimated $1.164 million 
US in annual cost savings for our institution.
 
Conclusion: Our findings suggest that using LSS techniques to formulate an ICP at our 
institution resulted in significantly greater percentage of patients receiving operative care 
within 48 hours, and lower resource consumption. To our knowledge, this study offers a 
robust perspective of LSS application with regards to a hip fracture pathway, not elsewhere 
noted in orthopaedic literature. Future studies regarding LSS application should concentrate 
on delving into complication prevention, and ultimately how patient perception plays a 
role in quality of care. 
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