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Six Sigma for the development of a multidisciplinary clinical pathway for hip fractures in the 

elderly, with the aim of improving efficiency of care and reducing the length of stay. 

 

5.1 Introduction 

The incidence of osteoporotic hip fracture of the elderly is recognized as one of the global 

major public health problems and expected to rise from 1.66 million in 1990 to 6.26 million 

by 2050 (Cooper et al., 1992). Hip fractures are associated with a mortality rate of 5-10% 

after one month and with 33% at one year (Roche et al., 2005; Parker and Johansen, 2006) 

and with considerable financial costs for hospitals. More than 80% of the costs are related to 

ward costs. This emphasizes the growing economic impact arising from the (reduction of) 

length of stay (LOS) of inpatient treatment of hip fractures (Lawrence et al., 2005). Strategies 

to improve the efficiency and consequently to reduce costs by improving the utilization of 

equipment, personnel and facilities are needed.  

In theory, physicians should always produce the greatest increment of patient health, 

using a sequence of services, in a specific timeframe, given a specified available budget 

(Donabedian et al., 1982). Hospitals use clinical pathways (CPW) to improve the organization 

of care (Müller et al., 2008; Kinsman et al., 2010; Van Herck et al., 2010). CPW try to 

achieve optimal clinical results with efficient procedures, which are continuously improved 

with plan-do-check-act cycles (Vanhaecht et al., 2010). It has been established that CPW are 

effective methods to reduce LOS significantly (Vanhaecht et al., 2009; Rotter et al., 2010), 

and to organize a hip fracture program (Pedersen et al., 2008; Kates et al., 2010). 

This chapter describes how we developed a clinical pathway for elderly patients with a 

hip fracture, based on the definition that CPW are structured multidisciplinary care plans used 

by health services to detail steps in the care of patients with a specific clinical problem 

(Lawrence et al., 2005). We used the method of Lean Six Sigma (LSS), a combination of 

Lean Production (De Souza, 2009) and Six Sigma (Kumar and Thomas, 2010). These 
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methods are developed in industry to improve quality, reliability, flexibility, delivery and 

efficiency of processes. More recently, in healthcare these methods have been used to 

improve the organization and quality of care (Langabeer et al., 2009; Kenney, 2010), and to 

reduce costs (De Mast, 2007 and 2012).  

 

5.2 Methods 

This single center, prospective, non-randomized controlled study was conducted at the 

departments of Traumatology and Orthopedic surgery at the University Medical Centre 

Groningen, the second largest hospital of the Netherlands. The two departments have 62 beds 

available for acute and elective care and admit approximately 2350 patients a year. 

In 2007 the board of the hospital introduced LSS as a method to improve 

organizational quality and to reduce costs. Several employees were trained to become an LSS 

project leader, to improve processes as part of their jobs. LSS offers the roadmap of DMAIC 

(Define, Measure, Analyze, Improve, Control) as an improvement methodology and a 

conceptual organizational framework with specific roles for project leaders (“black and green 

belts” in LSS terms) and project owners (“champions”) to improve processes.  

The DMAIC phases are milestones for the improvement project and integrate quality 

tools and techniques like failure mode and effect analysis and statistical process control 

(Schroeder et al., 2008). Process and outcome measurements are combined with project 

metrics into a systematic review process, so that management can manage the progress of the 

projects Barney, 2002).  

The medical staffs of traumatology, orthopedics, geriatrics, anesthesia, and a nursing 

home decided in 2008 to develop a multidisciplinary clinical pathway as a collaborative care 

program for elderly patients with a hip fracture, to streamline the care process, to improve 

quality of care and clinical outcomes, and to reduce LOS and costs. The assignment was 

given to the chief nurse of the orthopedic ward, who – inspired by successes of a LSS project 

(Chapter 3) – took up the challenge of integrating LSS with developing CPW. In the 

following we describe the 5 DMAIC phases. We discuss the results in the next section. 

 

Define 

The aim of the project was to develop a clinical pathway, using the LSS method. The 

Define phase of the DMAIC roadmap is concerned with defining the problem to be solved. 

That we had a problem was obvious from the bed occupation rates (97% and 89% at the 
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trauma and orthopedic ward resp.) and frequent unavailability of beds to admit new patients. 

The project charter determined the project leader (chief nurse of the orthopedic ward), process 

owners (trauma surgeon and medical head of the Trauma department), scope, timeline, and 

auxiliary members of the project team. To put the problem in perspective, a SIPOC (Supplier, 

Input, Process, Output, Customer) was made, leading to a detailed flowchart of the process at 

micro level. The process leader did a stakeholder analysis, to chart the stakes and the 

influence of the people involved. 

 

Measure 

To quantify the current process performance, we needed appropriate measurements, 

the so-called Critical to Quality (CTQ) indicators in LSS terms. A CTQ flowdown was used 

to translate the rationale underlying the project into performance indicators and strategic focal 

points (Chapter 2). The CTQ flowdown resulted in a measurement plan to determine the 

current performance of LOS, the number of clinical intakes, and throughput time of the 

(main) process. The strategic focal points were: capability for admittance to the hospital from 

the perspective of the patient and increasing revenue from the perspective of the hospital. 

According to the measurement plan a retrospective data collection (2006-2007) was 

obtained from the digital information system. This data (including patient characteristics, 

LOS and throughput times) was validated by a comparison with the paper files of a random 

sample of twenty patients. In 2006 and 2007, 137 patients with an isolated hip fracture were 

admitted. Exclusion criteria were multiple injuries, acute cerebral vascular accident and in-

hospital mortality (n=7). 

  A second dataset was obtained prospectively from all admitted patients in the period 

November 2008 – January 2009. This data was used to make a value stream map (De Mast et 

al., 2012) of the current process performance with information about workflow (process 

times) and waste (waiting times and other inefficiencies), see Figure 5.1. The value stream 

map was determined from the patient’s point of view. 
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Figure 5.1: Value stream map of process performance November 2008 – January 2009. 

 

A third dataset was obtained prospectively after the implementation of the clinical 

pathway (July 2009 – December 2010) to establish the effects of the improvement actions on 

LOS. In this period data from 195 admitted patients were collected. 

 

Analyze 

The aim of the Analyze phase is to arrive at a data based diagnosis of the current 

process performance. The LOS of patients in the retrospective dataset (2006-2007) was 

analyzed with analysis of variance (ANOVA) techniques for categorical variables and 

regression analysis for continuous variables (age and duration of surgery) to identify 

significant influence factors (see Table 5.2). 

 

For the second dataset we used descriptive data analysis to estimate process 

inefficiencies (cf. Figure 5.1). And we identified potential improvement actions from 

exploratory data analysis: a few BOB (best of the best) cases were compared with a few 

WOW (worst of the worst) cases to find recurring patterns. The first observation was that no 

standard procedures and protocols of multidisciplinary intake existed, with the effect that the 

waiting time before admission to the nursing ward (NW) could be too long. The second 

observation was that the preoperative consult of the anesthesiologist took place at the NW and 

that (additional) diagnostic tests were performed depending on the co-morbidity, resulting in 

unnecessary movement of patients and personnel at the NW. The third observation was that 

the discharge procedure often started between one and three days after the surgery, with the 

effect that the patient was discharged later than necessary. 
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Improve 

 After the process was diagnosed, the project team determined objectives for 

interventions to eliminate waste, and to reduce waiting times, resulting in a reduction of LOS. 

The main characteristics of the interventions are standardization of work processes and care 

(Table 5.1). 

 

Current process Planned interventions 
1. Average waiting and treatment times of 200 
minutes at the Emergency Room (ER).   
 

1. Standardized multidisciplinary procedure of the 
diagnostic process at the ER within 120 minutes. 

2. Different protocols for intake by multidisciplinary 
team at ER and nursing wards (NW). 

2. Standardized protocols for intake and diagnostic 
tests by all multidisciplinary teams 
(traumatology/orthopedics and anesthesia) at the ER. 
 

3. Different treatment protocols at traumatology and 
orthopedic medical en and nursing departments. 

3. Standardized treatment protocols for both medical 
and NW. 
 

4. No standards for discharge planning. 4. Standardized discharge planning for both NW: 
- Discharge planning starts within 24 hours after 
admission, but before surgery. 
- Determination of a collaborative interdisciplinary 
rehabilitation program of hospital specialists and the 
medical doctors at a specific nursing home. Each 
week the nursing home reserves two or three beds to 
admit new patients.  
 

5. Average duration of surgery of 149 minutes 
 
 

5. Average duration of surgery reduced by 60 minutes 
through: 
- A daily-labeled schedule to operate patients with a 
hip before the starting time of earlier planned semi-
elective surgeries. 
- The surgery is performed by or in presence of a 
senior surgeon. 

 

Table 5.1: Objectives and interventions for optimized care process. 

 

In June 2009 the multidisciplinary teams started working according to the new 

standards of the clinical pathway. 

 

Control 

The new process is actively monitored, to assure that better results are retained. A 

specialized nurse compiles a prospective database with relevant data of every elderly patient 

with a hip fracture, to keep track of the care process. This database is used for the frequent 

multidisciplinary evaluations of the patients, and for examining the impact of the 
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improvements. We use the prospective data from July 2009 – December 2010 to analyze the 

LOS before and after the interventions (using ANOVA). 

 

5.3 Results 

The retrospective data from 2006 and 2007 are used to set the baseline result. Table 5.2 shows 

the effects of potential influence factors on LOS. The average LOS of elderly patients with a 

hip fracture was 13.5 days. Three of the investigated variables have significant influence. The 

first is the age of the patient: the LOS of female patients is significantly higher than the LOS 

of male patients. The second variable is duration of surgery, defined as the time from starting 

the anesthesia to wound closure. Patients with surgery lasting more than two hours have 

significant higher LOS. Note that the patient with 38 days LOS and duration of surgery of 52 

minutes is clearly an outlier. The third variable is the nursing department. Patients who were 

admitted at traumatology had on average two days longer LOS than patients admitted at 

orthopedics. For all three variables we scored in the direction of higher LOS: 69% female 

patients, 75% surgeries lasting at least 2 hours, and 66% admissions at the Traumatology 

nursing department. 

 

Variable     N LOS: Average ± SD (Median) p-value 
All Patients  137 13.50 ± 10.17 (11)  
     
Gender Male 42 10.33 ± 6.18 (8.5) 0.015   ¶ 
 Female 95 14.89 ± 11.24 (12) 
     
Age < 75 47 11.96 ± 7.64 (11)  

 
0.316  ! 

 76-85 47 14.72 ± 11.20 (11) 
 86-95 42 13.79 ± 11.49 (11) 
 96-105 1 16 
     
Department Traumatology 90 14.26 ± 10.02 (12)  

0.228   ¶  Orthopedics 47 12.04 ± 10.39 (9) 
     
ASA-classification 1-2 47 12.51 ± 6.36 (11)  

0.414   ¶  3-4 90 14.01 ± 11.67 (11) 
     
Duration of surgery < 60 min. 1 38  

0.018   !  60-90 min. 6 9.33± 5.39 (8) 
 91- 120 min. 27 9.70± 5.86 (7) 
 > 121 min. 103 14.50 ± 10.77 (12) 
     
Discharge destination Nursing home 93 14.42 ± 10.53 (12)  

0.279   ¶  Home 40 11.75 ± 9.53 (10.5) 
 Others 4 9.50 ± 3.87 (8.50) 

¶ Analysis of variance 
! Regression analysis 

 
Table 5.2: Effects of potential influence factors on LOS. 
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The observations during the project (the second dataset) revealed that the average LOS 

at the traumatology department decreased to 10.5 days (n=27). The LOS at the orthopedics 

department was unchanged (n=16). We also observed that the average LOS at the Emergency 

Room was 192 minutes. Almost all patients were operated within 48 hours, with an average 

waiting time of 28 hours and 57 minutes. 

The third dataset showed that LOS decreased even further after the implementation of 

the interventions. The overall average LOS reduced from 13.5 days before to 9.3 days after 

implementation of the clinical pathway (-31%). The difference between departments is not 

significant anymore (p=0.203). The financial rewards of this LOS reduction amounts to 

annual cost savings of "120,000. Table 5.3 shows the influence of all variables on LOS. 

 
Variable N Before (n=137):  

Average LOS ± SD 
(Median) 

After (n=195): 
Average LOS ± 

SD (Median) 

Difference 
Average 
LOS % 

p-value 

All Patients  13.50 ± 10.17 (11) 9.3 ± 9.8 (7) -31 0.000 
 

Gender Male 10.33 ± 6.18 (8.5) 8.59 ± 6.5 (7) -17 0.173 
 Female 14.89 ± 11.24 (12) 9.60 ± 11 (7) -36 0.000 

 
Age < 75 11.96 ± 7.64 (11) 10.5 ± 14.23 (7.5) -12 0.520 
 76-85 14.72 ± 11.20 (11) 8.70 ± 6.50 (7) -40 0.000 
 86-95 13.79 ± 11.49 (11) 8.52 ± 3.73 (8) -38 0.004 
 96-105 16 5.5 ± 1 (5) * * 
      
Department Traumatology 14.26 ± 10.02 (12) 9.27 ± 6.55 (7) -35 0.000 
 Orthopedics 12.04 ± 10.39 (9) 9.3 ± 14.16 (7) -23 0.257 

 
ASA-
classification 

1-2 12.51 ± 6.36 (11) 8.35 ± 5 (7) -33 0.000 

 3-4 14.01 ± 11.67 (11) 10.13 ± 12.67 (8) -27 0.029 
      
Surgery time < 60 min. 38 8.42 ± 7.25 (6) * * 
 60-90 min. 9.33 ± 5.39 (8) 8.2 ± 4.56 (7) -12 0.568 
 90 -120 min. 9.70 ± 5.86 (7) 10.49 ± 15.03 (7) + 8 0.794 
 >121 min. 14.50 ± 10.77 (12) 9.47 ± 4.18 (8.5) -35 0.006 
      
Discharge 
destination 

Nursing home 14.42 ± 10.53 (12) 10 ± 10.99 (8) -31 0.002 
Home 11.75 ± 9.53 (10.5) 6.95 ± 2,69 (7) -41 0.002 

 Others 9.50 ± 3.87 (8.50) 6 ± 1.41 (6) * * 
 

Table 5.3: Difference in LOS related to (influence) variables. 

 

The average LOS decreased irrespective to discharge destination: nursing home -31% 

(-4.4 days), home -41% (-4.8 days) and others -37% (-3.5 days). The duration of surgery has 
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no longer significant influence on average LOS (p= 0.203). The final table in this section 

shows a comparison of demographic factors between the control group of the first dataset and 

the group of patients after the project (the third dataset). 

The duration of surgery decreased significantly. After the interventions, 80% of the 

surgeries had duration of less than two hours. There were significantly more patients with 

ASA-classification 1-2 after the interventions. However, there was no difference (p= 0.236) in 

average LOS between the categories ASA1-2 (8.4 days) and ASA 3-4 (10.1 days). 

 
Variable  Before project 

(n=137) 
After 

(n=195) 
p-value 

Gender (%) Male 42 (30.7) 63 (32.3) 0.750 ¶ 
 Female 95 (69.3) 132 (67.7) 
     
Age years, mean (SD)  All 79.43 (9.77) 78.3 (9.38) 0.288 § 
Age years (%) < 75 47 (34) 74 (38)  

 
0.491 ¶ 

 76-85 47 (34) 69 (35) 
 86-95 42 (31) 48 (25) 
 96-105 1 (1) 4 (2) 
     
Department Traumatology 90 (66) 129 (66) 0.931 ¶ 
 Orthopedics 47 (34) 66 (34) 
     
ASA-classification (%) 1-2 47 (34) 94 (48)  

0.011 ¶  3-4 90 (66) 101 (52) 
     
Duration of surgery, mean (SD)  154 (47.72) 98 (34.16) 0.000 § 
 (%) < 60 min. 1 (1) 24 (12)  

0.000 ¶  60-90 min. 6 (4) 65 (33) 
 91- 120 min. 27 (20) 68 (35) 
 > 121 min. 103 (75) 38 (20) 
     
Discharge destination Nursing home 93 (68) 149 (76)  

0.152 ¶ (%) Home 40 (29) 44 (23) 
 Others 4 (3) 2 (1) 

§ ANOVA 
¶ !2 test 

 
Table 5.4: Comparative demographics before and after implementation CPW. 

 

5.4 Discussion and conclusion  

The aim of the project was to develop a clinical pathway, using the LSS method to 

identify the most important variables influencing LOS. The additional value of LSS is the 

combination of the use of a structured DMAIC roadmap, the conceptual organizational 

framework with specific roles during the project and the integrated use of quality tools and 

techniques. The systematic approach keeps you concentrated at the strategic focus points and 

the CTQ’s. The project charter creates ownership by medical doctors, a necessity for 
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implementation of improvement actions. The analysis of the process, using statistical methods 

on valid and reliable data, gives an objective diagnosis of the current state. The most 

important influence variables are detected, and selected for improvement actions. Finally, the 

tools and structure to monitor the process are useful instruments for continual process 

improvement. The results of this study confirm the idea that LSS is a valuable method for 

redesigning the care process and for creating a clinical pathway. 

The retrospective analysis of the first dataset indicated a few variables leading to a 

prolonged LOS, being a female patient is one of them. This result differs from Deakin et al. 

(2008), who reported a significant higher risk for male patients of requiring discharge to a 

nursing home. Cultural aspects of a society might well be the reason for this difference. The 

duration of surgery was also important for LOS variation. Collins et al. (1999) concluded that 

intra-operative factors generating the highest risk for a prolonged LOS; therefore efforts 

should be made to improve the intra-operative process of care. As a result of the interventions 

at the intra-operative process, duration of the surgery has no longer a significant effect on the 

average LOS. 

The retrospective analysis of the first dataset also revealed a difference in LOS 

between the (nursing) departments. The second dataset showed that the average LOS of the 

elderly with a hip fracture at the traumatology department reduced with an impressive 27%. 

Another LSS project, to reduce inappropriate hospital stay for all trauma patients (Chapter 3), 

was responsible for this result. The findings of that project were reestablished in the BOB 

versus WOW analysis of this new project, and helped achieving more LOS reduction through 

further improvements of procedures for rehabilitation at and discharging to a nursing home. 

The average LOS of these patients reduced to 10 days. 

Not every quality aspect of CPW is investigated in this study, however. We used a 

historical control group, and it was not possible to include outcome measurements, such as 

complications and quality of life, as there was no structured registration of complications in 

2006 and 2007. Other studies (e.g. Mc Aleese and Odling-Smee, 1994; Collins et al., 1999; 

Foss et al., 2007) have shown the impact of separate and interactive factors such as 

complications to a prolonged LOS. Longer LOS is associated with an increasing risk of 

hospital-induced complications e.g. enquired infections (Schimmel, 2003).  

Further research is needed to investigate the effect of LSS on quality of life patient’s 

satisfaction and patient’s outcomes. In spite of the limitations, we have demonstrated the 

value of LSS to improve the process of delivering care. Tables 5.3 and 5.4 show the 

significant (p= 0.000) reduction of the average LOS and duration of surgery, respectively. We 
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therefore conclude that the interventions were successful. The improved discharge procedure 

contributes substantially to delivering the right care at the right place.  

The improvements do not lead to a reduction of the average length of stay at the 

Emergency Room. The most important reason for the actual process delay is the fact that ER 

doctors treat patients with a hip fracture just like other patients in the ER. There is no 

preferred treatment and the average length of stay for all patients on the ER is more than 3 

hours. The goal set by the board of the hospital is to treat patients in the ER within four hours 

and with respect to that time path 200 minutes is sufficient. Nevertheless the multidisciplinary 

standardized intake at the ER created a reduction of unnecessary movements of patients and 

personnel at the NW. Furthermore, care for patients are ameliorated since they are transferred 

on a hospital bed with anti-decubitus mattress on the ER already instead of lying on a 

stretcher. 

Several limitations of this pilot study need to be acknowledged. The sample size is 

relative small and contextual factors, like the Dutch health care system, may have influenced 

the results. The external validity of the study can be improved by replicating the approach to 

create CPW for different groups of patients or in other contexts. In summary, the findings of 

this study suggest that LSS can be useful for the development of a CPW to identify 

(influence) variables of process of care and to manage the organization of care quantitatively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




