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hospitalization of 1.7 ± 0.2 days and cost $30,118 ± 9,066 
per patient. Knee injuries that were commonly reported along 
with inpatient ACLRs included medial meniscus damage 
(18.1 %), lateral meniscus damage (16.8 %), collateral liga-
ment repairs (12.3 %), and medial collateral ligament strains 
(6.9  %). Prevalence of meniscus injuries was consistent 
across years, but MCL-related injuries increased over time.
Conclusions  ACLR-related inpatient hospitalizations 
account for approximately 7.1 % of the total ACLRs per-
formed annually in the USA. Inpatient ACLR procedures 
continue to decrease in frequency; however, the mean cost 
per patient increased. Meniscus and collateral ligament 
injuries were the most commonly reported concomitant 
knee injuries. The clinical relevance of this investigation 
is that it informs, on a large clinical cohort of patients, the 
current state of incidence and expense for ACLR surgeries 
in an inpatient setting.

Abstract 
Purpose  The purpose of this epidemiologic study was to 
quantify the incidence, expense, and concomitant injuries 
for anterior cruciate ligament reconstruction (ACLR) pro-
cedures in the USA from 2003 to 2011 that required an 
inpatient stay. It was hypothesized that the relative reported 
rates of concomitant knee injuries would be greater with 
the MCL and menisci compared to all other concomitant 
knee injuries.
Methods  The National Inpatient Sample from 2003 to 
2011 was retrospectively sampled using ICD-9-CM codes 
to identify ACLR patients and to extrapolate national 
averages.
Results  Between the years of 2003–2011, an average of 
9,037  ±  1,728 inpatient hospitalization included ACLRs, 
of which 4,252  ±  1,824 were primarily due to the ACLR. 
Inpatient visits primarily due to ACLR involved an average 
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Introduction

Injuries to the anterior cruciate ligament (ACL) are highly 
prevalent, with an estimated 250,000 per year in the USA 
[13]. In the USA annually, there are 127,000 anterior cru-
ciate ligament reconstructive (ACLR) procedures [15]. 
The estimated cost of per procedure and rehabilitation is 
$17,000 [11], which results in approximately $2 billion per 
year spent on ACLRs. ACL injuries commonly occur in an 
athletic setting during tasks that involve rapid deceleration 
and/or change of direction [4, 9, 20, 21]. As many as one 
in fifty female athletes sustain a knee injury per year [22]. 
ACL ruptures are especially prevalent in high school- and 
college-level female athletes as they are four to six times 
more likely to experience injury than their male counter-
parts [3, 4, 30].

The ACL is the primary passive restraint to anterior tib-
ial translation in the knee, as it resists up to 87 % of this 
force [6]. The ACL also serves as a secondary restrain to 
knee abduction and internal tibial rotations [5]. Athletes 
with poor neuromuscular control exhibit motion patterns 
consistent with the kinematics that would directly load 
ACL [8, 12]. These patterns can place abnormal loads on 
the ACL that lead to rupture as 70 % of ACL injuries occur 
in non-contact scenarios [4, 20]. Specifically, increased 
knee abduction during landing phase of a drop vertical 
jump has been prospectively identified as a leading predic-
tive risk factor for ACL injury [12]. This abduction load at 
the knee may lead to abnormal loading in the medial and 
lateral compartments of the tibiofemoral joint. Accordingly, 
the MCL, which is the primary passive resistor to knee 
abduction [5, 6, 25], experienced concomitant failure in 
over 30 % of ACL injuries [17, 25].

Rupture of the ACL creates instability at the knee that 
can alter kinematics [28] and tibiofemoral contact [1, 2]. 
The changes lead to abnormal loading of the knee and pro-
duce a long-term prognosis of increased risk for osteoar-
thritis patients [1, 24]. To restore joint stability, ACLRs are 
the most common procedure performed in patients who 
wish to regain a physically active lifestyle [28, 29]. Cur-
rently, the gold standard for ACLRs is an arthroscopic out-
patient procedure that implants a bone–patellar tendon–
bone or hamstrings tendon autograft [19]. However, ACL 
ruptures are often accompanied by additional, concomitant, 
catastrophic knee injuries [17, 18, 25]. These cases may 

require multiple surgical procedures and necessitate inpa-
tient hospital admittance.

Prior to the mid-1990s, ACLR was an inpatient proce-
dure with an average hospitalization of 2–3 days; however, 
surgical advancements allowed ACLRs to become less 
invasive, and they have since shifted to outpatient opera-
tions [14, 16]. Outpatient ACLRs have lead to reduced 
cost and enhanced patient satisfaction as by 1995 inpatient 
ACLRs averaged approximately 300 % of the cost of com-
parable outpatient procedures [14]. However, the current 
state of inpatient ACLRs has not been quantified by any 
recent investigation, which has left a gap in knowledge as 
to how prevalent and expensive this procedure is relative to 
modern medical treatment.

Though multiple investigations have tried to quantify 
the incidence rate [3], expenditure [11], and reconstruction 
incidence [15] for ACL injuries, to our knowledge, the inci-
dence of ACL tears that result in inpatient hospitalization 
has not been reported. The purpose of this epidemiologic 
study is to quantify the incidence, expense, and concomi-
tant injuries for ACLR procedures in the USA from 2003 
to 2011 that required an inpatient stay. It was hypothesized 
that the relative reported rates of concomitant knee injuries 
would be greater with the MCL and menisci compared to 
all other concomitant knee injuries.

Materials and methods

The source of the data utilized in this investigation was the 
Nationwide Inpatient Sample (NIS), Healthcare Cost and 
Utilization Project (HCUP), and Agency for Healthcare 
Research and Quality (www.hcup-us.ahrq.gov/nisoverview.
jsp) [10]. The NIS was developed in 1988 to provide the 
largest all-payer inpatient care database in the USA. This 
database includes an annual survey of inpatient hospital 
visits accumulated from over 1,500 medical centres across 
45 US states that provides unidentified, patient-specific 
data relative to hospital admittance, diagnoses and proce-
dures performed, patient expenditures, and patient demo-
graphics. The NIS provides a 20 % stratified sample of US 
community hospitals that can be extrapolated into national 
estimates. The present study analysed the NIS database 
to determine the incidence of inpatient ACLR procedures 
from 2003 to 2011.

The NIS database was analysed on a patient-by-patient 
basis for the 8 years included in this study. Patients were 
included in this study if their NIS data exhibited Interna-
tional Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) or procedure codes were rel-
evant to ACL injury. Specifically, patients were included 
in the present study if their NIS data exhibited the diagno-
sis code for an old disruption of ACL (717.83) or a sprain 
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of cruciate ligament of the knee (844.2), or the procedure 
code for ACLR (81.45). All data were retrieved and ana-
lysed using MATLAB code (version 2012a, The Math-
Works, Inc., MA).

Once patients with ACLR diagnoses and procedures 
were isolated, the remaining patient population was sta-
tistically evaluated using custom MATLAB code. Annual 
means and standard deviations were calculated for all 
continuous variables (age, length of stay, number of pro-
cedures, and total charge). Relative frequencies were cal-
culated for all categorical variables (gender and race). 
Additionally, a list of all additional ICD-9-CM and pro-
cedure codes that corresponded with ACL patients was 
compiled to evaluate injuries and operations that are fre-
quently concomitant with ACLR. Due to the comprehen-
sive nature of the coding database and multitude of cor-
responding codes reported for inpatient stays, additional 
codes were only incorporated if they occurred in >1.0 % of 
ACLR patients for a given year. Approval for the study was 
received by the Institutional Review Board of Cincinnati 
Children’s Hospital Medical Center.

Though the NIS provides a comprehensive database, it is 
not inclusive of all medical centre data in the USA. Annu-
ally the NIS reports on approximately 8  million inpatient 
hospitalizations from a diversity of medical centres. HCUP 
estimates that approximately 40  million inpatient hospi-
talizations occur each year in the USA. Software available 
on the HCUP website (http://www.hcup-us.ahrq.gov/) was 
used to extrapolate national averages for the entire inpatient 
ACLR population based on the stratified NIS database. 
HCUP software was also utilized to estimate national aver-
ages for the subset of patients whose primary reason for 
inpatient hospitalization was ACLR. Patient data within the 
NIS are stratified by hospital based on geographic region, 
urban/rural location, teaching status, bed size, and owner-
ship. This stratification of data is used to create accurate 
estimates for geographic regions that are weighted relative 
to the number of hospitals from each stratum contained 
within a desired area.

Statistical analysis

Analysis of variance (ANOVA) and Student’s t tests were 
used to determine differences between incidence percent-
ages in categorical variables. All statistics were calculated 
in MATLAB using built-in functions. Statistical signifi-
cance was determined at alpha <0.05.

Results

Annually, the NIS database reported an average of 
1,344  ±  374 ACLR procedures that required inpatient 

hospital admittance, with an average cost, as calculated 
from the annual means, of $45,040 per patient (Table  1). 
With the exception of 2010, the annual number of inpa-
tient ACLR procedures documented by the NIS declined 
between each year from 2003 to 2011. However, average 
expenditures per patient increased annually across all years. 
NIS patients had a mean hospital admittance of 4.0 days, 
with an average of 3.0 procedures were performed. From 
2003 to 2011, the average number of procedures per patient 
increased by 0.7 and the average hospitalization increased 
by 2.7 days. Mean patient age, as calculated from annual 
NIS means, was 35.8  years. Inpatient ACLR procedures 
were more common among males (61.3  ±  1.7  %) than 
females (38.8 ± 1.7 %; P < 0.01). The breakdown of inju-
ries by ethnicity is also displayed in Table 1.

Extrapolation of the NIS data to a national average indi-
cated an average of 9,037 ± 1,728 inpatient ACLR proce-
dures per year (Table 2), which accounts for approximately 
7.1  ±  1.4  % of the estimated 127,000 ACLR performed 
annually in the USA [15]. The extrapolated national aver-
age was also gender specific (males  =  60.0  ±  1.1  %, 
females = 38.8 ± 1.2 %, P < 0.01). ACLRs were signifi-
cantly more prevalent between the ages of 18–44 than in 
any other age group (54.7 ± 5.9 %, P < 0.01).

Extrapolation of the NIS data into a national aver-
age for patients whose primary cause hospitalization was 
ACLR indicated a mean of 4,252  ±  1,824 annual proce-
dures at a cost of $30,118 ±  9,066 per patient (Table  3). 
Annually, inpatient ACLRs where the ACLR is the pri-
mary reason for hospitalization generated a mean national 
expense of $115,631,936 ± 26,288,717 and accounted for 
approximately 3.4 ± 1.4 % of all ACLR procedures in the 
USA [15]. The incidence of patients primarily admitted for 
ACLRs decreased by 5,523 patients from 2003 to 2011, 
whereas the cost per patient increased by $20,675 (Fig. 1). 
Annual aggregate national patient charges for inpatient 
hospitalization primarily due to ACLR fluctuated between 
years, but decreased overall by $90,134,894 from 2003 
to 2011. Patients admitted primarily due to ACLR had an 
average length of stay of 1.7 ± 0.2 days, which was con-
sistent between years. This population subset again dem-
onstrated a male gender bias (58.1 ± 2.3 %, annual range 
55.2–61.8  %, P  <  0.01) and was again more prevalent in 
the 17–44 age range than any other group (61.0 ± 5.6 %, 
annual range 53.1–69.1 %, P < 0.01).

According to the collected NIS subset, approxi-
mately 65.5  ±  3.7  % of ACLR inpatient admittance 
involved primary ACL ruptures, while 34.7  ±  3.5  % 
identified old disruptions of the ACL. The most com-
monly reported concomitant injury was “close frac-
ture of C1-C4 with unspecified spinal cord injury”, as it 
appeared in 29.3  ±  5.8  % of cases (Table  4). The most 
commonly reported concomitant knee-related injury was 

http://www.hcup-us.ahrq.gov/
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a “tear of the medial cartilage or meniscus of the knee” 
(18.1 ± 1.5 % of cases) followed by “tear of lateral car-
tilage or meniscus of knee” (16.8 ± 1.1 % of cases). The 
difference in the prevalence of meniscus injuries between 
the medial and lateral sides was statistically significant 
(P  =  0.04). “Collateral ligament repairs” were less fre-
quent (P < 0.01), documented in 12.3 ± 2.3 % of cases. 
However, when combined with “sprain of medial col-
lateral ligament of the knee”, collateral ligament dam-
age significantly became the most commonly reported 
concomitant injury with inpatient ACLR procedures 
(19.2 ±  6.7  % of cases), though there was no statistical 
difference compared to the incidence of medial meniscus 
injuries (P  =  0.50). Additional unspecified knee repairs 
and knee arthroscopy were performed in 14.6 ± 0.7 and 
17.8 ± 4.8 % of ACLR cases, respectively.

The incidence of meniscus injuries was consistent 
between years for both the medial (range 15.9–19.1  %) 
and lateral (range 15.5–19.0  %) sides (Fig.  2). The com-
bined incidence of collateral ligament repairs and strains 
increased by 18.4  % between 2003 and 2011. Frequency 
of additional knee repairs was consistent between years 
(range 13.3–15.6  %), while additional knee arthroscopies 
decreased by 16.8 % from 2003 to 2011.

Discussion

The most important finding of this study is that while the 
annual incidence of inpatient ACLRs has decreased, the 
cost of these hospitalizations has increased as inpatient 
cases more frequently involve complex, multi-ligament 
injuries. The purpose of this epidemiologic study was to 
quantify the incidence, expense, and concomitant injuries 
for ACLR procedures in the USA from 2003 to 2011 that 
required an inpatient stay. This investigation is clinically 
relevant as it informs, on a large clinical cohort of patients, 
the current state of incidence and expense for ACLR sur-
geries in an inpatient setting. It was found that inpatient 
ACLRs comprise a minority of ACLR procedures as they 
account for only approximately 7.1  % of procedures per-
formed annually. However, as conservative estimates place 
surgical costs for outpatient, autograft ACLR procedures 
at $4,872 [23], as evidenced in the current data set inpa-
tient ACLRs, are significantly more expensive. Between 
the years of 2003–2011, the average per patient charge of 
an inpatient stay that was primarily due to an ACLR was 
618  % greater than outpatient ACLRs. Previous stud-
ies have indicated that inpatient ACLRs have an average 
expense three times greater than the equivalent outpatient 
procedures [14]. The increased cost ratio in the present 
study is likely due to the combination of multiple proce-
dures that accompany the majority of present-day inpatient Ta
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ACLR treatments as well as rising costs of hospitalization, 
bed space, nursing, and more.

As hypothesized, the knee structures that were most 
commonly disrupted concomitantly with the ACL were the 
meniscus and MCL (which were both classified with mul-
tiple ICD-9 codes); 70  % of sports-related ACL injuries 
occur in non-contact scenarios during rapid deceleration 
or change of direction movements [4, 20]. Athletes with 
poor neuromuscular control have exhibited increased knee 
abduction during these athletic tasks [7, 8]. Knee abduc-
tion has been shown to increase strain on the ACL [26, 27] 
and has been prospectively associated with increased ACL 
injury risk [12]. These mechanics correlate well with the 
concomitant injuries recorded in the present study as the 
MCL is the primary ligamentous restraint to knee abduc-
tion rotation [5, 6, 25]. However, it is interesting to note 
that the rate of concomitant MCL injury for inpatient 
ACLRs reported in the present study was lower than MCL 
incidence reported for the overall population [17, 21, 25]. 
Similarly, meniscus injuries were less frequent in the pre-
sent study than previously reported ACL injury cohorts 
[21]. The current database identified concomitant injuries 
through ICD-9 codes. These codes indicate procedures 
performed and therefore track repairs. In many cases, the 
MCL can go unrepaired after injury and may not generate 
an ICD-9 code in these instances. As such, it is possible 
that the incidence of concomitant MCL injuries presented 
in the NIS was lower than the actual rate of occurrence in 
the inpatient ACLR population.

In the present study, the incidence of inpatient ACLRs 
for all three cohorts consistently decreased between years 

from 2003 to 2011. This was mostly due to a decrease in 
the number of inpatient hospitalizations due primarily to 
ACLR, as the annual incidence of inpatient stays involving, 
but not primarily due to, ACLR was constantly between 
4,500 and 5,000 cases. As inpatient ACLRs become less 
frequent, the cost disparity between inpatient and outpa-
tient treatment has increased. That cost increase correlated 
with annual increases in number of procedures and length 
of hospitalization that were observed in the whole NIS 
cohort. These trends would seem indicate that the increas-
ing inpatient expenses may be due to increased severity in 
injuries that require inpatient hospitalization. However, in 
the cohort admitted primarily for ACLR, the length of hos-
pitalization only expressed a minor increase (0.4 days) over 
time, which implicates that rising costs in healthcare were 
also a driving force between the constantly increasing per-
patient charges.

Between 2003 and 2011, the extrapolated national aver-
age cost per patient for an inpatient visit primarily due to 
ACL reconstruction increased by 88.0  %. Over this same 
time span, inflation would have accounted for a 22.0  % 
increase in expenses according to the Bureau of Labor 
Statistics (http://www.bls.gov). Therefore, the rise in cost 
per patient was greater than the rise in national inflation. 
As such, the additional expense per patient for inpatient 
ACLRs may be attributed to more complex repairs that may 
involve additional structures within the knee. This concept 
would seem to be supported as concomitant collateral liga-
ment repairs increased by 7.0 % of cases and concomitant 
MCL sprains increased by 3.9  % of cases over the same 
time period (Table 4).

Fig. 1   Incidence of inpatient ACLR and charges per patient across 
time. The change in per-patient cost (dotted line) is inverse to the 
changes in incidence for the whole inpatient ACLR population (solid 
line) as well as for ACLRs that were the primary cause of hospitali-
zation (dashed line). Inpatient hospitalization due primarily to ACLR 

accounted for 45.8 ±  11.6 % of the whole inpatient ACLR popula-
tion, but decreased from 62.1 % in 2003 to 28.6 % in 2011. Inpatient 
hospitalizations involving, but not primarily due to ACLRs, consist-
ently accounted for approximately 5,000 cases annually

http://www.bls.gov
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The significant presence of concomitant closed frac-
tures of C1–C4 level with unspecified spinal cord injury 
in the current sample likely indicates that many inpatient 
ACLRs result from trauma rather than sports injuries. In 
athletic populations, over 94  % of ACL injuries occur 
as a result of sports injuries, but in non-athletic popula-
tions, this drops to 75 % as injuries from traffic and daily 
living accidents are more common [21]. Therefore, it is 
likely that a significant number of injuries documented in 
the present study occurred in traumatic events such as car 
accidents where large forces are applied across multiple 
areas of a patient’s body and resulted in the need for mul-
tiple surgical procedures. The presented data would seem 
to support this theory as the mean charge and length of 
stay per patient for the whole NIS cohort were $14,161 
and 1.03  days greater than the subset of patients admit-
ted primarily for ACLR. Also, the subset admitted primar-
ily for ACLR had significantly lower variability in charge 
and length of stay, which indicated greater consistency 
in treatment than was present in the whole NIS cohort. 
Unfortunately, one of the limitations of the NIS data set 
is that injury cause is not documented and therefore could 
not be reported.

The ethnic distribution of ACLRs in the present study 
was representative of the national diversity reported 
by the United States Census Bureau for 2012 (Cauca-
sian  =  63.0  %, Hispanic  =  16.9  %, African  =  13.1  %, 
Asian  =  5.1  %; www.census.org). The gender distribu-
tion reported by all three cohorts examined in the present 
study also compared favourably with previous data on knee 
injuries where males accounted for >60  % and females 
accounted for <40 % of the population [18, 21]. Therefore, 
inpatient ACLRs do not exhibit ethnicity bias and main-
tain the same gender bias as seen in the overall ACL injury 
population. Similarly, the age bias seen in previous ACL-
injured populations was maintained in the present study 
as over 50  % of inpatient ACLRs were performed 18- to 
44-year-old patients [18]. These statistics indicate that the 

cohort of inpatient ACLRs likely bears significant resem-
blance to the national ACL injury patient population.

A limitation of the NIS database is that it does not docu-
ment the mechanism or cause of injury. Therefore, in the 
present study, it was not possible to definitively distinguish 
sports-induced injuries from those caused by alternative 
sources of trauma such as traffic accidents. Similarly, the 
NIS does not itemize expenditures. As such, it was not pos-
sible to partition out costs directly related to ACLR rela-
tive to those incurred from concomitant injuries. This ina-
bility to itemize expenses is likely what lead to the large 
standard deviations in annual treatment costs in the NIS 
database (Table 1). The authors acknowledge that a patient 
with concomitant spinal fractures, collateral ligament dam-
age, and meniscus damage would most likely incur greater 
costs than an isolated ACLR. However, when isolated to 
inpatient stays where ACLR was the primary reason for 
hospitalization, the standard deviation for per patient was 
significantly reduced. Therefore, cases where ACLR was 
the primary cause of hospitalization were more likely to 
be representative of sports-related ACL injuries. Addition-
ally, though the NIS database provides critical data regard-
ing treatment, ICD-9 codes do not communicate specific 
details of treatment such as graft type used for ACLR, exact 
type of meniscal defect identified, or specific procedure 
used to repair cartilage damage. Accordingly, the authors 
were unable to further cross-examine the database in this 
manner.

Conclusion

In conclusion, although inpatient ACLRs continue to 
decrease in frequency, they still represent approximately 
7.1 % of the ACLRs performed annually in the USA. Inpa-
tient operations represent significant financial burden and 
typically well exceed the reported costs of an average out-
patient ACLRs. The per-patient cost for inpatient ACLRs 

Fig. 2   Depiction of trends in 
the prevalence of additional 
knee procedures frequently 
documented with inpatient 
ACLRs. Prevalence is relative 
to inpatient ACLRs recorded in 
the NIS database. From 2003 to 
2011, the percentage of collat-
eral ligament injuries increased 
in prevalence, whereas menis-
cus injuries and other repairs 
remained constant, and knee 
arthroscopies decreased

http://www.census.org
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is rising. This reflects inflation, but also improved surgical 
methods that allow for greater outpatient admittance in iso-
lated ACLRs and necessitate inpatient hospitalization for 
only the most severe injuries. Demographics indicate that 
the inpatient cohort is likely representative of the overall 
ACLR population. However, the inpatient ACLR popula-
tion presented exhibited different concomitant injury pat-
terns than previously published ACLR cohorts.
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