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Background: Patients are commonly evaluated at the emergency department (ED) with acute anterior cruciate ligament (ACL)
tears, but providers without orthopaedics training may struggle to correctly diagnose these injuries.

Hypothesis: It was hypothesized that few patients would be diagnosed with an ACL tear while in the ED and that these patients
would be of lower socioeconomic status and more likely to have public insurance.

Study Design: Cohort study; Level of evidence, 3.

Methods: The 2017 State Ambulatory Surgery and Services Database (SASD) and State Emergency Department Database (SEDD)
from the state of Florida were utilized in this study. Cases with Current Procedural Terminology code 29888 (arthroscopically aided
ACL reconstruction [ACLR]) were selected from the SASD, and data from the SEDD were matched to patients who had an ED visit
for a knee injury within 120 days before ACLR. Chi-square analysis was used to test for differences in patient and surgical variables
between the ED visit and nonvisit patient groups. A generalized linear model was created to model the effect of ED visit on total cost
for an ACL injury.

Results: While controlling for differences in patient characteristics and concomitant procedure usage, a visit to the ED added
$4587 in total cost (P < .001). The ED visit cohort contained a greater proportion of patients with Medicaid (20.2% vs 9.1%),
patients who were Black (18.4% vs 10.3%), and patients in the lowest income quartile (34.4% vs 25.0%) (P< .001 for all). In the ED
visit cohort, 14.4% of patients received an allograft versus 10.1% in the non-ED visit cohort (P ¼ .001) despite having a similar
mean age. An ACL sprain was diagnosed in only 29 of the 645 (4.5%) patients who visited the ED.

Conclusion: Utilizing the ED for care after an ACL injury was expensive, averaging a $4587 increase in total cost associated with
ACLR. However, patients rarely left with a definitive diagnosis, with only 4.5% of patients who underwent ACLR being correctly
diagnosed with an ACL tear in the ED. This additional cost was levied disproportionately on patients of low socioeconomic status
and patients with Medicaid.
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Injuries to the anterior cruciate ligament (ACL) are
common, and the incidence of ACL tears and ACL recon-
structions (ACLRs) is increasing.10,12 Orthopaedic sur-
geons using clinical examinations alone have been shown
to have diagnostic accuracy at similar levels to that of mag-
netic resonance imaging for ACL tears.11,21 However, it has
been shown that nonorthopaedic providers using tradi-
tional diagnostic maneuvers may not provide the same
accuracy.1,8 Patients are commonly evaluated at the emer-
gency department (ED) with acute ACL tears, but several
studies7,8,20 have shown that non–orthopaedic-trained pro-
viders may struggle to correctly diagnose these injuries.
Furthermore, previous studies4-6,25 have identified an

association between delayed time to ACL surgery and
higher rates of meniscal tears at the time of surgery, fur-
ther clarifying the importance of a timely diagnosis.

Previous studies3,19 have demonstrated greater ED uti-
lization among patients with Medicaid. Medicaid patients
also face difficulty in obtaining follow-up appointments
with orthopaedic providers, as 1 study17 found that only
14% of practices offered appointments for Medicaid
patients after a hypothetical ED visit. Taken together,
these studies suggest that lower socioeconomic patients
may be at higher risk for utilizing emergency care for ACL
diagnosis and referral. Moreover, previous cost-driver anal-
yses of orthopaedic procedures have demonstrated
increased costs among Medicaid and minority popula-
tions.2,15 With this in mind, we sought to compare the
patients who utilized the ED for care after an ACL injury
with those who did not as well as to quantify the cost of
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these episodes of care. We hypothesized that the cohort of
patients utilizing the ED would be of lower socioeconomic
status and more likely to have public insurance. We also
hypothesized that few of these patients would be diagnosed
with an ACL tear while in the ED, despite the added cost
associated with this visit.

METHODS

Data Source

The 2017 State Ambulatory Surgery and Services Database
(SASD) and State Emergency Department Database
(SEDD) from Florida were utilized in this study. These
databases contain information derived from discharge
records on outpatient surgeries (SASD) and ED visits that
did not result in admission to the hospital (SEDD). Florida
is 1 of few states that includes unique, anonymized patient
identifier variables in these databases, allowing for the
tracking of patients across different episodes of care. Vari-
ables contained in the SASD and SEDD include patient
characteristics, Current Procedural Terminology (CPT)
codes, International Classification of Diseases, 10th Revi-
sion (ICD-10) codes, and operative variables. Notably, for
the SEDD, a variable denoting the ICD-10 code of the rea-
son for the visit is included. Institutional review board
approval was not necessary, as no direct patient identifiers
were used.

Case Selection

All cases in the SASD with CPT code 29888 (arthroscopi-
cally aided ACLR) from January 1 to December 31, 2017,
were selected. Two patient groups were then created:
1 group that utilized the ED for care related to the ACL
injury within the 120 days prior to surgery and 1 group that
did not. The 120-day cutoff was chosen to give a high degree
of confidence that the ACL injury occurred before the ED
visit. All ICD-10 codes associated with the ED visit were
documented. Patients with multiligamentous injuries
(determined by CPT codes 27405, 27427, and 29889 used
at the time of ACLR) or with Medicare were also excluded,
as many of these patients would be significantly older than
any other group. For the final ED visit group, total charges
from the ED visit were added to the charges for the ACLR.
A full description of the inclusion criteria is presented in
Figure 1. After exclusion, there were 645 patients in the ED
visit cohort and 6963 patients in the nonvisit cohort.

Total charges were used here as a proxy variable for cost,
a methodology that has been utilized in several previous
orthopaedic publications.2,13-15,22 The following variables
were utilized in the cost model: patient age, sex, insurance,
race, income quartile of the patient’s ZIP code, surgeon vol-
ume, surgical facility volume, concomitant meniscal repair,
and allograft usage. For surgeon and facility volume, cut-
offs >25 cases and >125 cases per year were used, respec-
tively, to determine high volume. The surgeon volume
cutoff represents at least 1 case every 2 weeks, and the
facility volume cutoff was derived from previous publica-
tions.9,16 Concomitant meniscal repair was determined by
CPT codes 29882 and 29883. Allograft usage was deter-
mined by Healthcare Common Procedure Coding System
(HCPCS) codes C1762, C1763, and C1776. Income quartiles
were defined as follows: <$44,000; $44,000 to $55,999;
$56,000 to $73,999; �$74,000 (all in 2017 U.S. dollars).

Statistical Analysis

Chi-square analysis was first used to test for differences in
patient and surgical variables between the ED visit and
nonvisit groups. A generalized linear model with total
charges as the outcome variable was then used to model
how much cost an ED visit added while controlling for dif-
ferences in patient characteristics and operative factors
between the groups. SPSS Version 26.0 (IBM) was used for
analysis.

RESULTS

Across all patients, the mean age was 29.3 years (95% CI,
29.0-29.6 years), and 61.1% (95% CI, 60.0%-62.1%) of
patients were men. For patients in the ED visit cohort, the
mean time from ED visit to surgery was 51.4 days (95% CI,
49.2-53.5 days).

We first assessed patient characteristics for the ED visit
cohort compared with the nonvisit cohort (Table 1).
Patients with prior ED visits were more likely to be on
Medicaid (20.2% vs 9.1%, P < .001), reside in a ZIP code
of the lowest income quartile (34.4% vs 25.0%, P < .001),
and identify as Black (18.4% vs 10.3%, P < .001). In addi-
tion, the patients with a prior ED visit were more likely to
undergo ACLR at a low-volume facility (74.6% vs 61.3%,
P < .001) and have the surgery performed by a low-
volume surgeon (49.0% vs 40.8%, P < .001). While patients
in the ED visit cohort were more likely to receive an
allograft (14.4% vs 10.1%, P ¼ .001), they were not signifi-
cantly more likely to undergo concomitant meniscal repair
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(84.0% to 81.9%, P ¼ .221). Patients in the ED visit group
were also slightly older, with a mean age of 30.3 years com-
pared with 29.2 years in the nonvisit group (P ¼ .034).
There was no significant difference between the 2 groups
in regards to patient sex (P ¼ .556).

A generalized linear model of the cost of ACLR (Table 2)
was created to assess the added cost of an ED visit while
controlling for differences in patient characteristics and
surgical practices between the 2 cohorts. While controlling
for other factors, an ED visit for a knee injury before ACLR
added $4587 in cost (P < .001). Other significant predictors
included patient insurance, race, surgeon and facility vol-
ume, concomitant meniscal repair, and allograft usage.
Patients with Medicaid insurance as compared with private
insurance had greater costs ($5577, P < .001). Costs dif-
fered by patient race, as Black patients ($2553, P ¼ .001),
Hispanic patients ($4054, P < .001), and patients of other
race ($3462, P < .001) had higher costs compared with
white patients. Having the ACLR performed by a high-
volume surgeon lowered costs (–$1357, P ¼ .010), as did
surgery at a high-volume facility (–$5747, P < .001). Sur-
gical cost drivers included concomitant meniscal repair

($6533, P < .001) and usage of an allograft ($16,386,
P < .001).

Table 3 shows the diagnoses for the ED visit cohort and
how often they were each present. Some patients had sev-
eral of these diagnoses listed upon discharge from the ED.
The most common diagnosis was Pain in Knee (n ¼ 437),
followed by Unspecified Injury, Lower Leg (n¼ 185), Sprain
of Unspecified Site of Knee (n ¼ 180), and Knee Effusion
(n ¼ 87). An ACL sprain was diagnosed in 29 of the 645
patients in the ED cohort, giving a diagnosis rate of 4.5% in
patients who later underwent ACLR.

DISCUSSION

As was hypothesized, this study found that ED visits for
ACL tears are expensive, adding $4587 in total costs, yet
they have little diagnostic utility. Here, we found that
among patients who were evaluated at the ED for an ACL
injury, only 4.5% were diagnosed with an ACL sprain upon
discharge. Of patients who underwent ACLR, most left the
ED with a nonspecific knee injury diagnosis. Guillodo et al8

Figure 1. Flowchart of study inclusion criteria. ACL, anterior cruciate ligament; ED, emergency department; ICD-10, International
Classification of Diseases, 10th Revision.
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found that 26% of patients with ACL tears were diagnosed
upon evaluation at the ED, whereas Parwaiz et al20 found a
rate of 10.3%. In contrast, this study used a statewide data-
base that captures data from many emergency centers,
which may explain why the diagnosis rate found here is
much lower than previously reported. Orthopaedic sur-
geons using clinical examinations have been shown to have
a high degree of accuracy in diagnosing ACL tears.11,21

However, nonorthopaedic providers may not have as sensi-
tive of clinical examinations as their orthopaedic counter-
parts.1,8,20 Therefore, the large number of nonspecific knee
injury diagnoses seen in the ED visit cohort may be
explained by lack of on-site orthopaedic providers in many
of the centers studied here. Another contributing factor is
the difficulty of performing a knee examination in the set-
ting of an acute injury. Patients may have pain, swelling, or
guarding of the knee, all of which decrease the sensitivity of
even the most experienced provider’s examination. As such,

referral to an orthopaedic specialist remains critical for
patients who visit the ED with persistently painful or
unstable acute knee injuries.

Timely referral to a specialist is also paramount when
considering the added risk of knee injury in the ACL-
deficient knee. Time to surgery after an ACL injury has
been found to result in a higher incidence of meniscal tears
in patients who had been ACL deficient for 12 months.4,25

Even shorter delays in surgery may be significant, as Ever-
hart et al6 found that surgery more than 5 months after

TABLE 1
Characteristics of Patients Evaluated at the ED for a Knee

Injury Within 120 Days Before ACLRa

Parameter

ED Visit Before ACLR

No Yes P Value

Sex .556
Male 61.2 60.0
Female 38.8 40.0

Insurance <.001
Medicaid 9.1 20.2
Private 76.6 62.0
Other 14.3 17.8

Race <.001
White 60.7 55.3
Black 10.3 18.4
Hispanic 21.2 20.9
Asian 1.4 0.9
Other 6.4 4.3

Income quartileb <.001
1 25.0 34.4
2 30.0 33.4
3 28.7 24.1
4 16.2 8.1

Surgeon volume <.001
Low 40.8 49.0
High 59.2 51.0

Facility volume <.001
Low 61.3 74.6
High 38.7 25.4

Meniscal repair .221
No 81.9 84.0
Yes 18.1 16.0

Allograft .001
No 89.9 85.6
Yes 10.1 14.4

Age, y, mean (95% CI) 29.2 (28.9-29.5) 30.3 (29.0-31.3) .034

aData are presented as percentage unless otherwise noted.
Bolded P values indicate statistically significant difference
(P < .05). ACLR, anterior cruciate ligament reconstruction; ED,
emergency department.

bAs determined by ZIP code.

TABLE 2
Generalized Linear Model of Total Cost of Care Associated

With ACLRa

Parameter
Cost (2017

USD) 95% CI P Value

Intercept $37,862 $36,391 to $39,334 <.001
ED visit $4587 $2949 to $6226 <.001
Other payer $322 –$992 to $1636 .631
Medicaid $5577 $3966 to $7189 <.001
Private insurance Referent
Other race $3462 $1562 to $5362 <.001
Asian –$1106 –$4994 to $2782 .577
Hispanic $4054 $2891 to $5217 <.001
Black $2553 $1035 to $4072 .001
White Referent
High surgeon volume –$1357 –$2392 to –$323 .010
High facility volume –$5747 –$6803 to –$4690 <.001
Meniscal repair $6533 $5338 to $7728 <.001
Allograft $16,386 $14,892 to $17,880 <.001
Age $29 –$9 to $67 .130

aBolded P values indicate statistical significance (P < .05). ED,
emergency department; USD, U.S. dollars.

TABLE 3
Diagnoses of Patients Visiting the ED for Knee-Related

Injuries Within 120 Days Before ACLRa

ICD-10 Code Diagnosis No. of Patients

M25.561/2 Pain in knee 437
S89.91/2 Unspecified injury, lower leg 185
S83.91/2X Sprain of unspecified site of knee 180
M25.461/2 Knee effusion 87
S80.01/2 Contusion of knee 47
M23.91/2 Unspecified internal

derangement, knee
44

S83.511/2 ACL sprain 29
S86.911/2 Unspecified muscle/tendon

sprain, lower leg
20

S83.411/2 MCL sprain 16
M79.604/5 Pain in leg 13
S83.8X1/2a Sprain other specified parts,

knee
10

M25.569 Pain in unspecified knee 6
S83.104/5 Unspecified dislocation of knee 3

aACL, anterior cruciate ligament; ACLR, anterior cruciate lig-
ament reconstruction; ICD-10, International Classification of Dis-
eases, 10th Revision; MCL, medial collateral ligament.
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initial injury increases the odds of high-grade chondral
damage by 3.11 times, and an 8-week delay increases the
odds of a meniscal injury requiring operative treatment.
For the ED cohort in this study, the mean time to surgery
was 51.4 days, and 36% of patients had surgery after the
8-week time frame established by Everhart et al. For these
patients, leaving the ED without a specific diagnosis or a
timely follow-up with an orthopaedic specialist may have
contributed to delayed surgery. These patients may be at
risk of secondary meniscal injury during the ACL-deficient
period. Therefore, orthopaedic surgeons receiving referrals
from ED visits related to knee injuries ought to be aware of
the possibility of an undiagnosed ACL injury and cognizant
of how much time has passed between the ED visit and the
referral. For patients who are being evaluated more than
8 weeks after the initial injury, providers should consider
the possibilityofmeniscal injuries ifanACL tear is suspected.

The cost burden associated with ED visits in this study
was levied disproportionately on patients who are Black,
have Medicaid insurance, or live in a ZIP code of a lower
income quartile. Patients who are of low socioeconomic sta-
tus would potentially benefit the most from cost-effective
care, yet our results show that these patients face higher
costs associated with greater ED utilization. One explana-
tion for these findings is that patients of lower socioeconomic
status face barriers to accessing other venues of care, such as
primary care physicians. In particular, Medicaid patients
have been previously shown to have greater ED utilization
than privately insured patients.3,19 While we do not know
the costs of initial evaluation for the nonvisit cohort in this
study, the cost of a visit to an urgent care center or outpa-
tient office has been shown to be lower than that of an ED
visit.18,24 Moreover, patients who were able to directly access
orthopaedic specialist care would have a higher rate of injury
diagnosis without the added burden of an ED visit. However,
it is also well known that Medicaid patients have poor odds of
accessing direct orthopaedic care.17,23,26 Our results demon-
strate that this comes at a significant cost to the healthcare
system, as accessing care through the ED added $4587 to the
total cost of care.

In addition to higher costs, patients in the ED visit cohort
were less likely to have surgery performed by a high-volume
surgeon or at a high-volume facility and were more likely
to receive an allograft, despite a similar mean age of 29.3
years. Low-volume surgeons performing ACLR have been
found to have higher 90-day hospital readmission rates, and
their patients have higher odds of revision ACLR.16 Simi-
larly, low-volume surgeons and facilities have higher allo-
graft utilization, which itself was the largest independent
cost driver in this study.9 Thus, the association between the
ED visit cohort and low-volume surgeons may thus explain
the greater allograft utilization, and there may also be injury
characteristics that we were unable to account for. However,
the additional cost of an allograft is undeniable. As with the
cost of visiting the ED, the cost of an allograft is dispropor-
tionately levied on patients who are of a lower socioeconomic
status or have Medicaid.

Although we found that ED visits for ACL injuries often
led to nonspecific diagnoses, the results of this study should
not discourage patients from seeking the ED in the setting
of an acute knee injury. Instead, our results demonstrate
the need for greater access to same-day musculoskeletal
care, especially in underserved areas. In particular,
patients who have Medicaid have been shown to have poor
access to orthopaedic care.17,23,26 Areas that have a higher
density of Medicaid enrollees could thus benefit from
expanded provider coverage. This could include primary
care sports medicine physicians or advanced practice pro-
viders at urgent care orthopaedic clinics. This can also
include athletic trainer coverage at schools. Increased
access to primary care providers is important as well. These
venues would provide a more time- and cost-effective point
of initial care for patients with acute knee injuries. In addi-
tion, for patients who do utilize the ED, ensuring timely
orthopaedic follow-up may not only improve continuity of
care and quick diagnosis but also ensure prompt specialist
consultation and surgery if necessary.

Limitations

Although this study used a large sample size that contained
data from many different providers, it is not without limita-
tions. The biggest limitation is that we could not be totally
certain that the patients in the ED visit cohort were evalu-
ated for the ACL injury that led to ACLR, as most of them
were not actually diagnosed with an ACL injury. Given the
anonymized nature of the data source, we could not examine
the ED notes for physical examination findings consistent
with ACL injury. It is possible that patients visited the ED
for a different knee injury and sustained the ACL injury
later, which would lead to a selection bias. However, we
believe that our approach of using a 120-day period before
patients with known ACL injuries underwent ACLR could
give a high degree of confidence that the ED visit was for the
initial ACL injury. We also may have selection bias in that
we did not have a group of patients who visited the ED with
an ACL tear but did not later undergo surgery. Thus, we do
not know how many patients who did not have ACLR were
without an accurate diagnosis. As we were using a claims-
based database, there may also have been errors in coding or
differences in billing practices between providers. Our use of
total charges as a proxy for cost also has its limitations, as
reimbursement to the provider may differ from charges.
Charges may also not reflect the actual amount that the
patient pays. Additionally, total charges did not capture
postoperative costs related to out-of-work status or physical
therapy. Although there are limitations to using total
charges, previous studies2,13-15,22 have shown them to be
informative in identifying patient characteristics and surgi-
cal drivers of cost. Finally, we were not able to quantify
access to specialist orthopaedic care based on the hospital
that patients initially visited, and we instead used proxies
such as patient race, income level, and insurance to deter-
mine access to care. Future studies may seek to evaluate ED-
and hospital-specific factors that affect access.
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CONCLUSION

Utilizing the ED for care after an ACL injury is expensive,
with a mean $4587 increase in total cost associated with
ACLR. However, patients rarely leave with a definitive
diagnosis, with only 4.5% of patients who underwent ACLR
in this study being correctly diagnosed with an ACL tear in
the ED. This additional cost was levied disproportionately
on patients of low socioeconomic status and patients with
Medicaid.
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