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Background and purpose — Surgical care and pain manage-
ment for patients with fractures have evolved over the years. We 
wanted to ascertain if there were any changes in the incidence 
of non-unions and, if so, whether the use of non-steroidal anti-
inflammatory drugs (NSAIDs), including COX-2 selective inhibi-
tors, might have an effect. 

Patients and methods — We used the National Inpatient 
Sample (NIS) to estimate the annual number of patients hospital-
ized for surgical treatment of a non-union between 1993 and 2012, 
and calculated age-adjusted rates of non-union. We estimated the 
prevalence of prescriptions for NSAIDs from 1996 through 2012 
using the Medical Expenditure Panel Survey (MEPS). The inter-
rupted time-series analysis was used to relate quarterly rates of 
non-union to changes in prescriptions for NSAIDs between 1996 
and 2009. 

Results — The annual estimate of non-unions in the USA 
declined 30% from 25,634 in 1993 to 17,815 in 2012 (p < 0.001). 
Specifically, the age-adjusted rate of non-unions decreased by 
44% from 8.6 per 105 persons in 1996 to 4.8 per 105 persons in 
2012 (p < 0.001). However, there was an 8% increase in the inci-
dence rate of non-unions (p = 0.003) between 2000 and 2004, when 
certain COX-2 selective inhibitors were on the market and their 
prescriptions were prevalent at around 6% among those with 
fractures. A drop in non-union estimates from 22,321 in 2010 to 
18,789 in 2011 (p = 0.04) also coincided with a marked decrease 
in prescriptions for NSAIDs in patients with fractures, from 22% 
to 14% (p = 0.02). 

Interpretation — Non-unions in the USA declined substantially 
between 1993 and 2012, but this was interrupted by changes in 
prescriptions for NSAIDs, with sustained increases between 2000 
and 2004 followed by transient decreases in 2005 and 2011.



Non-unions occur in 1–6% of patients with long-bone frac-
tures (Wolinsky et al. 1999) and they can lead to pain and 
functional impairment, and possibly osteoarthritis (McKellop 
et al. 1991, Sanders et al. 2002, Court-Brown and McQueen 
2008). Although non-unions are detrimental to individual 
patients, the overall burden of non-union to the healthcare 
system is unknown. 

There are series of drugs that either impair or facilitate frac-
ture repair (Aspenberg 2005, Pountos et al. 2008). For exam-
ple, extensive basic science (Gerstenfeld et al. 2007) and some 
clinical data (Burd et al. 2003, Dodwell et al. 2010) suggest 
that non-steriodal anti-inflammatory drugs (NSAIDs), includ-
ing COX-2 selective inhibitors, may impede fracture healing, 
especially in long-bone fractures. Historical clinical studies 
have seldom corroborated the positive associations between 
use of NSAIDs and complications of fracture healing observed 
in animal models (Kurmis et al. 2012, Simon and O’Connor 
2007). However, one more recent study showed that exposure 
to NSAIDs prior to fracture may be associated with complica-
tions of fracture healing (Hernandez et al. 2012), as opposed 
to a role of NSAIDs used for postoperative pain control (Bhat-
tacharyya et al. 2005). Other risk factors for non-union include 
age, sex, diabetes, use of corticosteroids, smoking, excessive 
alcohol use, and poor nutrition (Calori et al. 2007). 

We performed an epidemiological study to document the 
incidence of non-unions in the USA, to study the trends in 
non-union over the 2 last decades, and to relate any changes in 
trends to changes in the use of NSAIDs.
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Material and methods
Data sources and samples
The National Inpatient Sample (NIS) is released annually by 
the Agency for Healthcare Research and Quality (AHRQ). 
NIS is designed to be a nationally representative sample of 
inpatient admissions to non-federal hospitals encompass-
ing all payers, ages, and demographics, and it has been used 
in orthopedics because of its power to study rare outcomes 
(Wang and Bhattacharyya 2011). The dataset contains demo-
graphics, International Classification of Diseases Ninth Edi-
tion (ICD-9) diagnosis codes, and ICD-9 procedure codes 
on about 7 million admissions each year from 1996 to 2012. 
Because the data used was publicly available and only con-
tained de-identified information, the study was exempted by 
the institutional review boards, and the AHRQ granted use of 
these data.

We identified admissions for non-unions using a principal 
ICD-9 diagnosis code of 733.82 with a matching procedure 
code. Thus, our report only covers non-unions treated surgi-
cally in the inpatient setting. We used principal ICD-9 proce-
dure codes to classify the anatomic site of the non-union. 

To study the use of NSAIDs, particularly COX-2 selective 
inhibitors such as Celecoxib and Recoxifib, we obtained data 
from the Medical Expenditure Panel Survey (MEPS) (Cohen 
2003). The MEPS uses household interviews and pharmacy 
records from a representative national sample to document 
prescription drug use in the USA since 1996. We estimated 
(separately) the overall prevalence of medication prescriptions 
and specific prevalence for those with a diagnosis of fracture 
within the same year. 

Data analysis
To estimate the incidence rate of non-union, we used either 
the US population or the weighted estimate of the overall 
number of fractures as the denominator. In cases where we 
used number of fractures, we conducted sensitivity analysis 
by using number of fractures in the previous time period as 
the denominator, since non-union is mainly a complication of 
the fracture healing process that may take months, and up to 
a year. Recognizing that patients with non-union could have 
multiple admissions, we analyzed the longitudinal data of the 
State Inpatient Dataset from New York in 2008, a source of 
data for the NIS. We found that the number of re-admissions 
of non-union patients within a calendar year was less than 
0.1%.

The annual incidence rate of non-unions was presented as 
estimates of non-unions per 105 people, following adjustment 
by age and standardization to the population of the USA in 
2000. The interrupted time-series analysis was conducted 
from 1996 through 2009 to analyze quarterly changes in 
incidence rates of non-union during market introduction of 
COX-2 selective inhibitors in 1999, and later withdrawal in 
2004. We adopted 2 change points to accommodate both the 

introduction and the withdrawal of COX-2 selective inhibi-
tors (Wagner et al. 2002). In addition, the seasonality of the 
fractures (higher in the winter months) indicates that the per-
centage of non-unions among those with fractures needs to be 
seasonally adjusted. In this regard, we added an autoregressive 
error term in the model with up to fifth-order autocorrelations, 
and we used a back-step automatic autocorrelation selection. 
Thus, we had the following model:

nnuqtr = ß0 + ß1*qtr + ß2*COX2_In + ß3* COX2_In_qtr + 
ß4*COX2_Out + ß5* COX2_In_qtr + eqtr

where
nnuqtr is the non-union rate at quarter qtr;
ß0 estimates the baseline non-union quarterly rate;
ß1 estimates the mean quarterly change in baseline non-union 
rate;
ß2 estimates the level change in quarterly rate following the 
introduction of COX-2 inhibitors;
ß3 estimates the mean quarterly change in non-union rate in 
the presence of COX-2 inhibitors, compared to the baseline 
trend;
ß4 estimates the level change in quarterly rate following the 
withdrawal of COX-2 inhibitors;
ß5 estimates the mean quarterly change in non-union rate after 
withdrawal of COX-2 inhibitors, compared to the trend in 
presence of COX-2 inhibitors;
eqtr represents autoregressive error term at quarter qtr. 

We used the procedure AUTOREG from SAS version 9.2 
(SAS Institute, Cary, NC) and set p < 0.05 as the significance 
level with 2-sided tests. Z-score test was used to compare 
national estimates and prevalence of prescriptions as popula-
tion proportions.

results
Demographic characteristics
We chose 1996, 2003, and 2009 as the comparison groups 
that represented the period before, during, and after the use 
of COX-2 selective inhibitors. In 2009, there were esti-
mated to be 20,984 non-unions in the USA, as compared 
to 22,667 in 1996 and 25,426 in 2003. In patients less than 
45 years old, there was a trend of a decline in non-unions 
from 1996—through 2003—to 2009. In comparison, the 
estimated numbers of non-unions increased from 1996 to 
2003 in patients between 45 and 65 years of age, then from 
2003 through 2009 the increase was mostly in patients who 
were 55 years or older. The tibia was the most common site, 
followed by the femur, femoral neck, humerus, radius, and 
spine. These 5 sites accounted for about 70% of all non-
unions. Approximately 15% of all patients were uninsured. 
The majority of non-unions were treated in large teaching 
hospitals (Table 1).
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General incidence trends
The national estimates of non-unions declined from 25,634 
in 1993 to 21,057 in 2000, followed by a transient increase 
to 25,649 in 2004, and then down to 17, 815 in 2012 (Figure 
1). There were only 2 significant changes between 2 consecu-
tive years, i.e. 2004–2005 (p = 0.007) and 2010–2011 (p = 
0.04). The age-adjusted rate of non-union per 105 persons has 

declined by 23% —from 8.6 in 1996 to 6.6 in 2009 (p < 0.001). 
The annual estimates of all bone fractures remained largely 
unchanged: from 883,085 in 1993 to 888,630 in 2012. As a 
result, the number of non-unions per 100 fractures declined by 
31% from 2.9% in 1993 to 2.0% in 2012 (p < 0.001). How-
ever, there was a transient increase in this percentage from 
2000 to 2004 (from 2.5% in 2000 to 2.8% in 2004), which was 
equivalent to a 14% increase from 7.8 to 8.9 per 105 individu-
als during those 4 years (Figure 2).

Prevalence of use of NSAIDs and COX-2 selective 
inhibitors 
We estimated the prevalence of NSAIDs and COX-2 selec-
tive inhibitors from 1996 through 2012 in the US civilian 
population, since 1996 was the first year when MEPS started 
collecting data on the use of prescription medications. The 
prevalence of NSAID use has slowly declined, from 15.5% 
in 1996 to 11.8% in 2012 (Figure 3). The decline was more 
evident from 2000 to 2004, a period during which the use of 

Table 1.  Patient and hospital characteristics associated with non-
unions

    
  1996 2003 2009

Total no. in 
the sample (%) 4,517 (100) 5,292 (100) 4,190 (100)
Weighted estimates
(standard error) 22,667 (1,051) 25,426 (1,187) 20,984 (1,095)
Sex   
 Male 11,273 (50) 11,804 (47) 9,873 (47)
 Female 11,388 (50) 13,432 (53) 10,992 (53)
Age, years   
 
 0–24 2,415 (11) 2,070 (8) 1,388 (7)
 25–34 3,141 (14) 2,552 (10) 1,850 (9)
 35–44 4,206 (19) 4,089 (16) 2,700 (13)
 45–54 3,323 (15) 4,947 (19) 3,922 (19) 
 55–64 2,276 (10) 3,821 (15) 3,990 (19)
 ≥ 65 7,307 (32) 7,947 (31) 7,134 (34)
Race    
 White 15,384 (68) 14,692 (58) 14,543 (69)
 Black 1,458 (6) 1,342 (5) 1,159 (6)
 Other or unknown 5,826 (26) 9,391 (37) 5,282 (25)
Site of fracture   
 Tibia 5,575 (25) 6,253 (25) 4,910 (23)
 Femur 2,773 (12) 3,354 (13) 3,151 (15)
 Femoral neck  2,667 (12) 2,948 (12) 2,604 (12)
 Humerus 2,832 (12) 3,768 (15) 3,024 (14)
 Radius 1,112 (5) 790 (3) 481 (2)
 Spine 723 (3) 419 (2) 447 (2)
 Other 6,985 (31) 5,134 (20) 8,050 (38)
No. of comorbidities    
 0 12,786 (56) 11,027 (43) 6,451 (31)
 1 5,128 (23) 5,934 (23) 4,489 (21)
 2 2,838 (13) 4,366 (17) 4,055 (19)
 ≥ 3 1,915 (8) 4,099 (16) 5,989 (29)
Admission type    
 Emergency 3,801 (17) 4,341 (17) 3,623 (17)
 Elective 15,378 (68) 17,504 (69) 15,253 (73)
 Unknown 3,489 (15) 3,581 (14) 2,109 (10)
Primary payer   
 Medicare 7,561 (33) 8,848 (35) 8,414 (40)
 Medicaid 2,607 (11) 2,672 (11) 2,406 (11)
 Private 8,679 (38) 9,737 (38) 6,956 (33)
 Uninsured 3,821 (17) 4,169 (16) 3,208 (15)
Hospital size   
 Small 1,946 (9) 2,992 (12) 1,666 (8)
 Medium 6,016 (27) 6,173 (24) 4,518 (22)
 Large 14,646 (65) 16,246 (64) 14,116 (70)
Teaching hospital    
 No 9,765 (43) 10,820 (43) 7,607 (37)
 Yes 12,844 (57) 14,590 (57) 12,694 (63)
Hospital location    
 Northeast 4,924 (22) 4,226 (17) 3,339 (16)
 Midwest 5,050 (22) 5,755 (23) 4,739 (23)
 South 7,686 (34) 9,251 (36) 8,431 (40)
 West 5,007 (22) 6,193 (24) 4,476 (21)
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Figure 1. National estimates of non-unions in the USA during the 
period 1993–2012. The data are from the national inpatient samples 
from 1993–2012. Bars indicate standard error.
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Figure 2. Incidence of non-union in the USA during the period 1996–
2012. The data were adjusted for age and standardized to the US pop-
ulation in 2000. Bars indicate 95% confidence interval.
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certain COX-2 selective inhibitors was prevalent. The preva-
lence of use of these COX-2 selective inhibitors increased 
from 3.3% in 1999 to 8.1% in 2001, plateaued until 2004, 
and then declined to 2.4% in 2005. Compared to the start-
ing point of 14.8% in 1998, the overall use of combining 
these anti-inflammatory agents became significantly higher 
between 2000 and 2004—at 16.7% and 16.9%, respectively 
(Figure 3). Similar patterns were observed for those with 
bone fractures (Figure 4), except for a significant decrease in 
NSAID prescriptions from 2010 to 2011 that was not seen in 
the overall prevalence in Figure 3 (p = 0.02). The prevalence 
of smoking declined from 2000 (the first year that such data 
were available) to 2012, whereas that of diabetes increased 
(Figure 5, see Supplementary data).

Interrupted time-series analysis
Based on the analysis above, we chose 2000 and 2004 as the 
change points for the interrupted time-series analysis. We 
found that during introduction of specific COX-2 inhibitors, 
the level of change in the non-union rate was not statistically 
significant, reflecting the slow onset of any effect. However, 
the time trend since introduction of COX-2 selective inhibitors 
was significant, indicating an increasing trend during preva-
lent use of COX-2 selective inhibitors relative to the baseline 
period (Figure 6). After the market withdrawal of COX-2 
selective inhibitors in 2004, the step decrease in the non-union 
rate was 0.51–20% of the baseline rate (p < 0.001). In addi-
tion, the time trend was also significant, reflecting a decreas-
ing trend in non-unions after withdrawal of specific COX-2 

inhibitors compared to the period of their prevalent use (p < 
0.001) (Table 2). When we used fracture estimates from previ-
ous quarters as the denominators, we obtained similar results 
(data not shown).

Discussion

Our epidemiological analysis shows that overall burdens of 
non-union have declined substantially in the 2 decades from 
1993 to 2012 in the USA. However, there were increases in the 
number of non-unions during the period 2000–2004, possibly 
due to a period of prevalent use of COX-2 selective inhibitors. 
A drop in prescriptions for NSAIDs from 2010 to 2011 also 
coincided with a decrease in non-unions. 

Figure 3. Prevalence of anti-inflammatory drug 
prescriptions during the period 1996–2012. 
The prevalence of use of NSAIDs, COX-2 
selective inhibitors, or both from the Medical 
Expenditure Panel Survey, 1996–2012. Bars 
indicate 95% confidence interval.

Figure 4. Prevalence of anti-inflammatory 
drug prescriptions in patients with fractures 
during the period 1996–2012. The prevalence 
of use of COX-2 selective inhibitors and other 
NSAIDs in patients with bone fractures, from 
the MEPS, 1996–2012. Bars indicate standard 
error. Significant differences between adja-
cent points were only detected for prevalence 
of prescriptions for COX-2 inhibitors between 
2004 and 2005 (p = 0.01), and that of pre-
scriptions for other NSAIDs between 2010 and 
2011 (p = 0.02).

Figure 6. Interrupted time-series analysis of 
quarterly non-union rates per 100 patients 
with fractures. Individual squares show the 
number of non-unions in the quarter divided 
by the number of fractures in that quarter. 
The gray line shows the average trend of the 
non-union rate. The solid line shows the time-
series trend. The dashed line indicates the 
period when the use of specific COX-2 inhibi-
tors was prevalent in the USA.
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Table 2. Time trends (1996–2009) in the quarterly rates (%) of non-
unions from introduction of certain cOX-2 selective inhibitors 
(coxibs) in 1999 to their withdrawal in 2004

Coefficient Value SD p-value

Baseline (intercept) 2.58 0.05 < 0.001
Time trend, Coxib introduction 0.02 0.01 0.003
Level change, Coxib withdrawal −0.51 0.06 < 0.001
Time trend, Coxib withdrawal 
 vs. introduction −0.02 0.01 < 0.001

Note: Durgin-Watson value: 2.02; total R2: 0.85. Level change during 
Coxib introduction was not significant.
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It has been estimated that there are 105 fractures that go on 
to non-union each year in the USA (Hak et al. 2014), while 
our estimates were substantially lower. Delayed bone healing 
and non-union occur in 5–15% of bone fractures (Praemer et 
al. 1992). Most of these estimates were presumably based on 
non-surgical methods such as computed tomography, which 
tended to be sensitive but of low specificity (Bhattacharyya 
et al. 2006). Our study methods were based on not just non-
union diagnoses alone but related surgical treatments as well. 
Thus, our results support the argument that the “true” non-
union rate is much lower than what most of the literature has 
suggested. 

It is possible that our estimates were lower due to the fact 
that most NIS only contain short-term community hospitals 
that might have failed to capture some of these complications. 
For example, some hospitals in the NIS from 1993 to 1997 
(< 3%) were short-term rehabilitation hospitals, which might 
have contributed to higher estimates of non-unions during 
these years than those in later years. Nevertheless, there was 
still a substantial drop in non-unions (by 18%) from 1998 to 
2012, and even more so if age-adjusted rates were used (33%). 
It should be mentioned that we have accommodated the rede-
sign of NIS in 2012 by using specific trend weights for all the 
previous years of the NIS. 

In the context of declining trends, there was a gradual 
increase in non-unions between 2001 and 2004, which coin-
cided with the prevalence of prescriptions for COX-2 selec-
tive inhibitors during the same time period. Our data also 
documented a clear drop in non-unions immediately after the 
removal of certain COX-2 selective inhibitors from the market 
in 2004. It is interesting to note that the strength of correlation 
was much higher at the downward phase than at the upward 
phase, due to the fact that prescription uptake is generally 
gradual as a medication is introduced, whereas prescriptions 
drop sharply when a drug is withdrawn. Similarly, we also 
observed a drop in non-unions from 2011 to 2010 that related 
to a similar change in NSAID prescriptions in patients with 
bone fractures. These data provide additional population-level 
evidence that NSAIDs, not just COX-2 selective inhibitors, 
may impede fracture healing (Aspenberg 2005). We also noted 
divergent shifts in prevalence of risk factors such as smoking 
and diabetes that may be important for non-union outcomes. 

Our study remains limited by the use of administrative 
ICD-9 codes to determine our primary outcomes, which repre-
sent a complicated clinical process. We also acknowledge that 
the correlation between NSAID use and non-unions may not 
necessarily mean causation. Finally, our capture of NSAID 
use in the MEPS excluded over-the-counter sales, through 
which some NSAIDs are obtained, so we were only able to 
study the trends in prescribed medications. 

In summary, we observed a secular trend of a general 
decline in non-unions in the last twenty years or so, and there 
were significant changes in these complications that could be 
related to sustained increase in prescriptions of COX-2 selec-

tive inhibitors and transient decrease in prescriptions of these 
and other NSAIDs in patients with bone fractures. 

Supplementary data
Figure 5 is available at Acta’s website (www.actaorthop.org), 
identification number 5993.
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