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ABSTRACT

Background: Hip fracture patients admitted during the weekend appear to achieve 

time-to-surgery standards at the same rate as those admitted during weekdays. This 

indicates that they do not experience the poorer quality of care typically associated with 

weekends. This study examines the association between time-of-admission and time-to-

surgery among hip fracture patients using two definitions of time-of-admission. 

Methods: In this retrospective cohort study, we used data on 43,967 elderly hip fracture 

patients admitted to Dutch hospitals from 2003 through 2007. The data were analysed 

using multivariable multilevel multinomial logistic regression. Time-of-admission was 

defined as on-/off-hours, and as weekday/-end shift-of-admission.

Results: Patients admitted during the off-hours had lower odds of surgical delay. 

Admissions during weekday or weekend day- and night-shifts were associated with 

decreased odds of surgical delay when compared to weekday evening-shift admissions. 

For instance, compared to weekday evening-shift admissions, the odds ratios for surgical 

delay until the 3rd day or later among those admitted during the weekend and weekday 

day-shifts were respectively 0.67 (95% CI: 0.54 – 0.83) and 0.75 (95% CI: 0.69 – 0.82). 

Similarly, the odds ratios for surgical delay until the 3rd day or later were 0.52 (95% 

CI: 0.38 – 0.72) and 0.53 (95% CI: 0.41 – 0.69) for weekend and weekday night-shift 

admissions respectively. 

Conclusions: Compared to weekday evening-shifts, admissions during the weekday day- 

and night-shift, and throughout the weekend were less likely to experience surgical delay. 

These findings could reflect the impact of resource distribution and quality standards for 

hip fracture patients.
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INTRODUCTION

Studies have demonstrated a link between time-of-admission to a hospital and the quality 

of care received by patients for a variety of conditions.1,2 Admissions during the off-hours, 

weekends, and holidays have been associated with delays in investigations, procedures, 

and with poor outcomes.3-7 Nevertheless, given possible structural and process 

differentials such as staffing and other factors, this observation may not and need not 

apply to all diseases and patient groups. This may be true for hip fracture patients. The 

recommendation is that hip fracture patients have surgery as early as possible, preferably 

within 24 to 48 hours of admission.8,9 A recent Agency for Healthcare Research and 

Quality (AHRQ) report observed that similar proportions of hip fracture patients had 

surgery within this time period regardless of whether they were admitted during the 

weekday or weekend.10 The Canadian Institute for Health Information (CIHI) reported 

similar findings in their 2007 Health Indicators report.11

Hip fractures are more common in the elderly.12 Hip fractures increase the mortality 

risk in this already vulnerable group.13 Delays in surgical repair have been associated 

with a further increase in this mortality risk.14-16 However, it has been theorized that 

hip fracture patients admitted during the off-hours have better access to the operating 

room because occupancy rates are lower.2 This may indicate a relationship between a 

measure of structure (time-of-admission) and process (time-to-treatment) for hip fracture 

patients that is contrary to that seen in other conditions without specialized on-call units. 

In addition, the occupancy levels of operating rooms vary not only by the day of the 

week but also by the work shift. Thus, the relationship between time-of-admission and 

time-to-surgery may not be constant throughout the day. Identifying the specific nature 

of this relationship for hip fracture patients may provide an opportunity to improve the 

quality of hip fracture care.

This study examines the hypothesis that there is an association between time-of-

admission, and time-to-surgery among surgically treated hip fracture patients. Using data 

from the Dutch Medical Registry on hip fracture patients discharged from 2003 through 

2007. We examined this relationship using multilevel analysis and robust definitions of 

time-of-admission and time-to-surgery.

METHODS

Setting and Patients

We obtained data from the Dutch Medical Register (LMR) through the Central Bureau 

of Statistics, Netherlands (CBS), which among other activities links these hospital data to 

other data sources in the Netherlands such as the population and mortality registers.17,18 

The LMR, collected since 1964,and maintained by Prismant, Netherlands, contains over 
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95% of hospital admissions in the Netherlands. Prismant and CBS ensure the quality of 

the data and linkage.17 The data are coded using International Classification of Disease, 

Ninth Revision, Clinical Modification (ICD 9-CM) standards. Using data from 2003 through 

2007, we identified all patients with a discharge diagnosis of a hip fracture (ICD 9-CM 

codes 820.0, 820.1, 820.2, 820.3, 820.8, and 820.9) who were managed surgically. We 

excluded admissions for patient younger than 65 years, and those admissions that could 

not be definitively linked to the population register. We also excluded patients whose 

injuries were caused by a traffic accident or a pathologic fracture, patients with missing 

data, those admitted to hospitals with a poor record of documenting procedures (<70% 

completion rate), and those whose procedure was designated a repeat surgery (e.g. 

removal of pins).

Time-to-surgery and surgical delay

Time-to-surgery was defined in relation to the day of admission, and used as a categorical 

variable with three levels. Patients were divided into (i) those who had surgery on the 

day they were admitted or on the first day after admission (same or next day), (ii) those 

who had surgery on the second full day after admission (2nd day) and (iii) those who 

had surgery on the third full day or later after admission (3rd day or later).  The same 

or next day category was used as the reference group. Patients were considered to 

have experienced a surgical delay if they did not have surgery on the same or next day 

following admission. 

Time-of-admission

In line with a previous detailed study, time-of-admission was categorized in two ways.7 

The first categorization was on-hours versus off-hours. On-hours were defined as starting 

from 8:00 AM on Monday and ending 4:59 PM on Friday. Off-hours started at 5:00 PM 

on Friday and ended at 7:59 AM on Monday. All holidays were classified as off-hours. The 

second categorization, weekday/end shifts, used three shifts; day (8:00 AM to 4:59 PM), 

evening (5:00 PM to 11:59 PM) and night (midnight to 7:59 AM) shifts applied to weekdays 

(Monday – Friday) and weekends (Saturday, Sunday, and holidays). This resulted in six 

categories, namely weekday-day/evening/night and weekend-day/evening/night shifts. 

Patient and hospital-level covariates

The analyses were adjusted for the following patient- and hospital-level factors: age, 

gender, ethnicity, socioeconomic status, prior hip procedure, type of fracture (open or 

closed), location of the fracture (intertrochanteric, transcervical, or not-specified), intensive 

care unit (ICU) admission, Charlson-Deyo comorbidity score, degree of urbanization of the 

patients residence, hospital teaching status, and year of admission (2003 through 2007). 
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Age was included as a continuous variable. Socioeconomic status was determined 

using income data based on postcodes: patients were grouped in the lower 25%, mid 

50% or upper 25% of income earners and this was used as a categorical variable. Ethnicity 

was grouped on the basis of country of birth as Dutch or other westerner, Turkish or 

Moroccan, and other non-westerner.19 The type of fracture and fracture location were 

determined using the fourth and fifth digits of the ICD 9-CM codes. The variable ICU 

admission denoted individuals admitted to the ICU prior to surgery. Such admissions 

might have resulted in a surgical delay independent of the effect of time-of-admission. 

The Charlson-Deyo score was calculated based on the original published weights and 

included as a dichotomous variable corresponding to scores 0 and ≥1. The diagnoses 

included in the Charlson-Deyo score were myocardial infarction, congestive heart failure, 

peripheral vascular disease, dementia, chronic pulmonary disease, connective tissue 

disease, ulcer, stroke, liver disease, diabetes, renal disease, leukaemia, lymphoma, and 

cancer. The degree of urbanization was determined by the number of addresses per km2 

(less than 500 addresses per km2 was classified as rural; from 500 to 1000 addresses 

as urban grade 1; from 1000 to 1500 addresses as urban grade 2; from 1500 to 2500 

addresses as urban grade 3; more than 2500 addresses per km2 as urban grade 4). 

Hospitals were classified as a general hospital (non-teaching), top clinical hospital (general 

hospitals accredited for residency training), or a university medical centre.

Statistical analysis 

We carried out a descriptive analysis of our patient population separating them based on 

the categorical time-to-surgery variable (same day or next day, 2nd day, and 3rd day or later). 

We carried out two main analyses, examining the relationship between each definition 

of time-of-admission (on-/off-hours and weekday/-end shifts) and time-to-surgery using 

multilevel multinomial logistic regression. We analyzed the data using 2-level multilevel 

multinomial logistic regression to take into account the potential clustering of outcomes 

within hospitals.20,21 The data are hierarchical with a two-level structure of patients 

nested in hospitals.

In each analysis, the model was built in stages starting with a null model and 

progressing to one including the main independent variable (time-of-admission) and 

finally including the patient and hospital characteristics. The reference group in the first 

analysis was on-hours admissions, and in the second analysis weekday evening-shift 

admissions.

Regression results were displayed as odds ratios (OR) and 95% confidence intervals 

(95% CI). The generalized linear latent and mixed models (gllamm) command in STATA 

version 10.1 (StataCorp, College Station, TX) was used for all analyses.
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RESULTS

Our study population comprised of 43,967 admissions with a diagnosis of hip fracture 

among the elderly to 96 hospitals in the Netherlands from 2003 through 2007. We 

identified 47,455 admissions between 2003 and 2007 in the LMR records and excluded 

3,488 admissions (missing data 22 admissions, traffic accidents 3,247 admissions, and 

repeat surgery 219 admissions). A small subset of excluded patients (184) died on the day 

of admission or the next day without surgery. Table 1 shows the characteristics of the 

included admissions. Eighteen percent (7,917) of these patients experienced a surgical 

delay. The one-year mortality rate was 27.2%. A larger proportion of patients with the 

following characteristics experienced a surgical delay: a comorbid condition, transcervical 

fracture, or admitted to a teaching hospital.

Table 1. Characteristics of the study population

Time-to-surgery: 
same or next day 

(n = 36,050)

Time-to-surgery: 
2nd day

(n = 4,504)

Time-to-surgery: 
3rd day or later

(n = 3,413)

All

(N = 43,967)

Age in years (SD) 82.6 (7.4) 83.2 (6.9) 82.4 (7.0) 82.6 (7.3)

Gender, n (%)

   Male 8,151 (22.6) 1,152 (25.6) 897 (26.3) 10,200 (23.2)

   Female 27,899 (77.4) 3,352 (74.4) 2,516 (73.7) 33,767 (76.8)

SES, n (%)

   Lower 25% 11,701 (32.5) 1,459 (32.4) 1,084 (31.8) 14,244 (32.4)

   Mid 50% 17,845 (49.5) 2,149 (47.7) 1,613 (47.3) 21,607 (49.1)

   Upper 25% 6,504 (18.0) 896 (19.9) 716 (20.9) 8,116 (18.5) 

Ethnicity, n (%)

  Dutch  and other westerners 35,883 (99.5) 4,476 (99.4) 3,389 (99.3) 43,748 (99.5)

  Turks/Moroccans 16 (0.04) 2 (0.04) 5 (0.2) 23 (0.1)

  Other non-westerners 151 (0.4) 26 (0.6) 19 (0.6) 196 (0.4)

Cause of injury, n (%)

   Accidental fall 34,941 (96.9) 4,378 (97.2) 3,269 (95.8) 42,588 (96.9)

   Other external cause 807 (2.2) 100 (2.2) 77 (2.3) 984 (2.2)

   Not specified 302 (0.8) 26 (0.6) 67 (2.0) 395 (0.9)

Charlson-Deyo score, n (%)

   0 27,439 (76.1) 3,190 (70.8) 2,379 (69.7) 33,008 (75.1)

   ≥1 8,611 (23.9) 1,314 (29.2) 1,034 (30.3) 10,959 (24.9)

ICU admission, n (%)

   No 36,033 (99.9) 4,501 (99.9) 3,400 (99.6) 43,934 (99.9)

   Yes 17 (0.1) 3 (0.1) 13 (0.4) 33 (0.1)

Prior hip procedure, n (%)

   No 33,939 (94.1) 4,224 (93.8) 3,191 (93.5) 41,354 (94.1)

   Yes 2,111 (5.9) 280 (6.2) 222 (6.5) 2,613 (5.9)
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Table 1. Characteristics of the study population (cont.)

Time-to-surgery: 
same or next day 

(n = 36,050)

Time-to-surgery: 
2nd day

(n = 4,504)

Time-to-surgery: 
3rd day or later

(n = 3,413)

All 

(N = 43,967)

Type of fracture, n (%)

   Closed 35,825 (99.4) 4,490 (99.7) 3,400 (99.6) 43,715 (99.4)

   Open 225 (0.6) 14 (0.3) 13 (0.4) 252 (0.6)

Location of fracture, n (%)

   Intertrochanteric 15,177 (42.1) 1,727 (38.3) 1,041 (30.5) 17,945 (40.8)

   Transcervical 18,426 (51.1) 2,466 (54.8) 2,045 (59.9) 22,937 (52.2)

   Not specified 2,447 (6.8) 311 (6.9) 327 (9.6) 3,085 (7.0)

Degree of urbanization, 
n (%) (addresses/km2) 

   < 500 5,382 (14.9) 541 (12.0) 469 (13.7) 6,392 (14.5)

   500 to <1000 7,037 (19.5) 804 (17.9) 599 (17.6) 8,440 (19.2)

   1000 to <1500 6,115 (17.0) 725 (16.1) 574 (16.8) 7,414 (16.9)

   1500 to <2500 9,654 (26.8) 1,309 (29.1) 1,000 (29.3) 11,963 (27.2)

   ≥2500 7,862 (21.8) 1,125 (25.0) 771 (22.6) 9,758 (22.2)

Hospital type, n (%)

   General Hospital 22,486 (62.4) 2,841 (63.1) 2,312 (67.7) 27,639 (62.9)

   Top Clinical Hospital 11,748 (32.6) 1,330 (29.5) 939 (27.5) 14,017 (31.9)

   Teaching Hospital 1,816 (5.0) 333 (7.4) 162 (4.7) 2,311 (5.3)

Year of admission, n (%)

   2003 8,069 (22.4) 1,136 (25.2) 923 (27.0) 10,128 (23.0)

   2004 7,981 (22.1) 1,086 (24.1) 906 (26.5) 9,973 (22.7)

   2005 7,482 (20.8) 973 (21.6) 657 (19.2) 9,112 (20.7)

   2006 6,465 (17.9) 670 (14.9) 524 (15.4) 7,659 (17.4)

   2007 6,053 (16.8) 639 (14.2) 403 (11.8) 7,095 (16.1)

Timeof admission, n (%)

   On-hours 23,538 (65.3) 3,063 (68.0) 2,260 (66.2) 28,861 (65.6)

   Off-hours 12,512 (34.7) 1,441 (32.0) 1,153 (33.8) 15,106 (34.4)

Weekday/end shift, n (%)

   Weekday day-shift 13,746 (38.1) 1,465 (32.5) 1,249 (36.6) 16,460 (37.4)

   Weekday evening-shift 9,615 (26.7) 1,758 (39.0) 1,108 (32.5) 12,481 (28.4)

   Weekday night-shift 2,739 (7.6) 139 (3.1) 170 (5.0) 3,048 (6.9)

   Weekend day-shift 4,635 (12.9) 443 (9.8) 379 (11.1) 5,457 (12.4)

   Weekend evening-shift 3,984 (11.1) 617 (13.7) 424 (12.4) 5,025 (11.4)

   Weekend night-shift 1,331 (3.7) 82 (1.8) 83 (2.4) 1,496 (3.4)

SD: Standard Deviation
Percentages are for column totals
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Table 2 displays the results of the multilevel multinomial analysis of the relationship 

between on-/off-hours admissions and time-to-surgery. Compared to on-hours 

admissions those admitted during off-hours were less likely to experience surgical delay. 

The adjusted odds ratio for off-hours admissions to have surgery on the 2nd day was 0.88 

(95% CI: 0.82 – 0.94) and the odds ratio for having surgery on the 3rd day or later was 

0.96 (0.89 – 1.04), both outcomes compared to having surgery on the same or next day 

of admission. 

Table 3 displays the results of the multilevel multinomial analysis of the relationship 

between admission during weekday/-end shifts and time-to-surgery. When compared 

to weekday evening-shift admissions, admissions during weekday or weekend day- 

and night-shifts were less likely to have their surgery delayed from same or next day of 

admission to the 2nd day or later. For instance, weekend day-shift admissions experienced 

less surgical delay until the 2nd day of admissions than weekday evening-shift admissions 

(OR 0.50, 95% CI: 0.42 – 0.61) as did weekday day-shift admissions (OR 0.57, 95% CI: 

0.53 – 0.61). Compared to weekday evening-shift admissions, the odds ratios for surgical 

delay until the 3rd day or later among those admitted during the weekend and weekday 

day-shifts were respectively 0.67 (95% CI: 0.54 – 0.83) and 0.75 (95% CI: 0.69 – 0.82). 

Similarly, the odds ratios for surgical delay until the 3rd day or later were 0.52 (95% 

CI: 0.38 – 0.72) and 0.53 (95% CI: 0.41 – 0.69) for weekend and weekday night-shift 

admissions respectively. 

Table 2. The association between on-/off-hours admissions and time-to-surgery

Time-of-admission Odds ratio (95% 
Confidence interval) for 
surgery on same day or 

next day

Odds ratio (95% 
Confidence interval) for 

surgery on 2nd day

Odds ratio (95% 
Confidence interval) for 
surgery on 3rd day or 

later

On-hours Reference Reference Reference

Off-hours 1.00 0.88 (0.82 – 0.94) 0.96 (0.89 – 1.04)

Table 3. The association between shift-of-admission and time-to-surgery

Shift-of-admission Odds ratio (95% 
Confidence interval) for 
surgery on same day or 

next day

Odds ratio (95% 
Confidence interval) for 

surgery on 2nd day

Odds ratio (95% 
Confidence interval) for 
surgery on 3rd day or 

later

Weekday Day-shift 1.00 0.57 (0.53 – 0.61) 0.75 (0.69 – 0.82)

Weekday Evening-shift Reference Reference Reference

Weekday Night-shift 1.00 0.27 (0.21 – 0.34) 0.53 (0.41 – 0.69)

Weekend Day-shift 1.00 0.50 (0.42 – 0.61) 0.67 (0.54 – 0.83)

Weekend Evening-shift 1.00 0.85 (0.71 – 1.02) 0.93 (0.76 – 1.14)

Weekend Night-shift 1.00 0.32 (0.24 – 0.44) 0.52 (0.38 – 0.72)
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DISCUSSION

This study demonstrates an association between time-of-admission and time-to-surgery 

among hip fracture patients. The finer categorization of time-of-admission using 

weekday/end shifts showed that this relationship was not uniform throughout the day. 

Compared to evening-shifts, day- and night-shift admissions were less likely to experience 

surgical delay in that order. Weekend and weekday night-shift admissions were the least 

likely to be associated with surgical delay. Overall, weekend admissions were on average 

less likely than weekday admissions to have surgical delay.

We carried out our analysis using an administrative database linked to the population 

and mortality register in the Netherlands. This resulted in a number of limitations. 

Clinical information about the condition of the patient on arrival was unavailable, but 

the designation of each admission was urgent. In addition, we excluded those involved 

in road traffic accidents, adjusted for patients admitted to the ICU, and if the fracture 

was open or closed. The comorbidity and other adjustment variables included, the nature 

of the diagnosis (associated with pain, immobility, and surgical management), and the 

broad time window used in defining the outcome measure, surgical delay, would indicate 

that any unobserved severity is unlikely to bias these results. Additionally, referrals were 

not included in the analysis, and the distribution of severity was not expected to be 

highly uneven across Dutch hospitals. In this administrative database, we were unable 

to determine the length of time a patient waited in the emergency department. For 

comparability and in keeping with the existing literature we used categorizations of 

time-of-admission that reflected days from admission. The Dutch Medical Register is a 

nationwide database with admissions from all categories of hospitals in the Netherlands. 

The demographic characteristics of the patients, and the outcomes of patients included 

in this study are similar to those seen in other countries enhancing the generalizability 

of the results. Using a more refined categorization of time-of-admission, this study more 

closely models its effect on time-to-surgery. 

A hip fracture is an emergency condition requiring the same cadre of staff and 

expertise as other surgical conditions. However, patients do not appear to experience 

the time delays associated with admissions during the off-hours.10,11 The explanation 

may be found in the quality standards or management of hip fracture cases. We 

observed an inverse relationship between time-of-admission and time-to-surgery using 

the on-/off-hours categorization. The odds of a surgical delay were reduced for off-hours 

admissions. This finding adds empirical support to the pattern seen in more descriptive 

studies and reports from the United States and Canada.10,11 When studying time-of-

admission, it is conventional to look for differences in outcomes between weekdays and 

weekends. However, that approach constrains what may be a complicated relationship 

into a dichotomous one. It provides information about the general relationship but may 

mask informative underlying trends. In addition, the choice of categories may have an 
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impact on the relationship with the outcome variable.22 The difference in the quality of 

care provided by a hospital is related to the different shifts. Thus, we used an approach 

that reflects these shifts. The use of the weekday/-end shift categorization illustrates 

how this is more than just an on-/off-hours dichotomy. It shows that when compared 

to the weekday evening-shift, admissions during the weekday and weekend day- and 

night-shifts were associated with a reduction in the odds of surgical delay. In addition, 

we observed that in general, weekend shifts tended to be associated with less surgical 

delay than were comparable weekday shifts. The 2007 analysis by CIHI comparing 

admission from midnight-to-noon to the afternoon or evening hinted at these findings.11 

This uneven relationship points to a potential problem related to either the evening shift 

or the operating room planning for evening admissions and may inform the approach to 

quality improvement. 

Studies that identify reasons for surgical delay among hip fracture patients have 

cited comorbidities and lack of operating room time as significant factors.23 During the 

off-hours, the lower operating room occupancy rates may contribute to the beneficial 

effect of off-hours on time-to-surgery. However, the occupancy rates do not explain 

the increased risk of delay for evening admissions. Organizational factors related to the 

operating room schedule or the management of hip fractures might be responsible. 

A study restricted to a teaching hospital indicated that surgeons might seek to delay 

surgeries until the more favourable day shift.24 However, it appears to be a case of last 

in, first out with the regular daytime schedule taking precedence over the evening-shift 

admissions. The 48-hour time limit established as the desired time within which surgery 

should be performed may be sufficiently broad for hip fracture surgeries to be classified 

as low priority. Larger facilities, probably with busier operating room schedules, were 

more likely to have patients who experienced a surgical delay. 

This analysis illustrates the interconnected nature of quality of care highlighting how 

a negative trait for one condition may be positive for others. Counterintuitive findings 

obtained from studies may be explained by considering the entire care process as a 

sequential relationship as opposed to isolated cross-sections. Quality of care assessment 

should consider the relationship between structure, process, and outcome measures.25 

Time-of-admission is a proxy for structural factors, such as staffing and availability of 

tests/procedures. In the case of hip fracture care, there are descriptive and empirical 

studies that indicate that there is no relationship between off-hours admissions and 

mortality.2,26,27 However, surgical delay is associated with mortality14-16,28, and off-hours 

admissions reduce the likelihood of surgical delay. Thus, while it appears that off-hours 

admissions do not exert a direct effect on mortality, its indirect effect is a reduction in 

mortality odds.

Healthcare is composed of a series of clinical microsystems. These microsystems 

may interact in competition for common resources such as operating room time. 

Research exploring the operating room scheduling process, particularly for evening-shift 
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admissions, may provide an avenue for further improvement in the quality of hip fracture 

care. However, it should be noted that any changes may have consequences for other 

conditions competing for surgical time.
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