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Introduction
With increasing use of safety belts and the introduction of air bags within the last 10 years, more 
occupants are surviving high-energy crashes that previously resulted in severe head, thoracic and 
abdominal injuries. Many of these survivors now must deal with disabling lower extremity injuries 
(LEI).  Thus lower extremity injuries have become relatively more significant and are receiving greater 
attention. 

Among patients admitted to trauma centers following motor vehicle crashes, approximately 20 percent 
of drivers had at least one lower-extremity fracture. The highest incidence rate for an LEI fracture is 
5.7 percent for ankle injuries [1]. Surveys also suggest that foot and ankle injuries account for 8-12 
percent of all moderate-to-serious injuries sustained by motor vehicle occupants involved in frontal 
collisions [2-4].  In a study of the one-year treatment charges for persons hospitalized in Maryland 
with vehicle-related injuries, persons with lower extremity injuries accounted for 40 percent of the 
hospital charges [5].

Lower-extremity injuries from car crashes tend to be high-energy injuries. These injuries have a 
poorer prognosis than comparable low-energy injuries caused by slips and falls [6]. Because they 
involve weight-bearing surfaces and major articulating joints, hip, knee, ankle, and foot fractures 
often result in prolonged reductions in mobility. LEI fractures often involve the complex weight-
bearing joints of the ankle and foot that result in long-term impairment and disability. The disabling 
nature of these injuries currently is not properly reflected in their low scores on injury severity scales. 
This is because the Abbreviated Injury Scale (AIS) [7] is primarily designed to estimate threat-to-life, 
not to characterize the disabilities associated with nonfatal outcomes.

The long-term impact of these injuries, including the physical, psychosocial, and financial burden, 
cannot be determined at the time of hospital discharge, when outcome determinations are often made 
in most data collection systems. Many LEIs require multiple surgeries, subsequent to initial hospital 
discharge, as well as rehabilitation. The long-term consequences and costs of LEI frequently deplete 
family finances and result in a myriad of psychosocial problems that impede return to pre-injury 
functioning. Many patients still exhibit problems related to their LEI at one year post-injury [8-11]. 
Thus, the purpose of this report is to document long-term consequences and costs associated with 
lower extremity injuries. Special focus is given to injuries to joints of the ankle and foot that, despite 
their low AIS scores, can result in long-lasting disability and decreased quality of life.

Consequences and Costs of Lower-
Extremity Injuries

By Patricia C. Dischinger, Ph.D.*; Kathleen M. Read, M.S.W.*; Joseph A. Kufera, M.A.*;  
Timothy J. Kerns, M.S.*; Shiu M. Ho, M.S.*; Cynthia A. Burch, M.S.***; Nafeesa Jawed*; and  
Andrew R. Burgess, M.D.** 

 * CIREN Center, Charles McC. Mathias, Jr., National Study Center for Trauma and EMS, University of Maryland, Baltimore,  
School of Medicine, 701 W. Pratt Street, Baltimore, MD  21201-1023.  

** Orlando Regional Hospital, Orlando, FL
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In a long-term study of patients admitted to trauma centers, it was noted that, among individuals 
with moderate or severe injuries to the extremities, only 58 percent had returned to work one year 
after  injury [9].  Another study of functional outcomes (perceived limitations in performing everyday 
activities) after lower-extremity fracture revealed that a significant proportion of patients hospitalized 
for treatment of a unilateral, or one-limb, fracture of the lower extremity remained physically 
impaired at 6 months after discharge from the hospital. The ankle joint was most often affected, with 
55 percent of the patients showing evidence of abnormal dorsi/plantar flexion [10]. At 12 months 
after hospital discharge, half of the patients still reported minor to moderate disabilities. Six- to 12-
month improvements were noted for patients with both single and multiple metaphysial or shaft 
fractures in one limb. Patients with foot fractures, however, showed no improvement. Measures of 
patient-oriented outcomes were worse for persons with three or more fractures to the same extremity 
and for fracture patterns typical of high-energy crashes [12].

In another follow-up study of trauma patients conducted in the Netherlands, patients with ankle 
fractures were chosen as a control group with “lesser injuries” to be compared to patients with more 
serious injuries.  Thus, investigators were surprised to learn that, at 6 years post-injury, the differences 
between the two groups were not as pronounced as they had presumed. That is, those with ankle 
fractures reported considerable physical and psychological problems attributable to their injury.  
There were no major differences between the proportions of the two groups who were able to return 
to work, and the percentage of those who had to change their occupation or who received disability 
benefits due to the consequences of the injury did not differ much between the two groups [13].

While the devastating impact of lower-extremity injuries is not new to orthopaedic surgeons, the 
disabling nature of some specific types of LEI is generally not well recognized. The most commonly 
used injury scoring systems are ICD-9 (International Classification of Diseases, 9th revision) [14] 
and AIS. ICD-9 is an international categorization of disease and injury whereas AIS was developed 
specifically for motor vehicle related injuries and ranks those injuries by severity, primarily by 
estimated  threat to life. However, these injury-severity coding systems do not provide appropriate 
detail with respect to the most disabling LEI injuries, that is, those that involve an articular surface, 
such as tibial plateau or ankle fractures. While ICD-9 and AIS codes do indicate the presence of 
a tibial fracture, no indication is given that the articular surface, where two bones meet to form a 
joint, has been disrupted. Such a description requires more definitive clinical input, which is usually 
not available from large population-based datasets such as the National Highway Traffic Safety 
Administration’s (NHTSA) National Automotive Sampling System (NASS) data or data derived 
from hospital discharge records. In addition, without considering the long-term outcomes of specific 
LEIs, the overall impact in terms of physical and psychosocial functioning cannot be ascertained.  

Data from NASS reveal that lower extremities (at or below the pelvis) are the most frequent AIS 2+ 
injured body region for front outboard occupants in air bag-equipped vehicles. Injuries to the ankle/
foot complex accounted for 33 percent of these LEI, and for 41 percent of the life-years lost to injury 
[15].   

From the perspective of the Crash Outcome Data Evaluation System (CODES) and the Crash Injury 
Research and Engineering Network (CIREN), both NHTSA-sponsored projects, it is possible to study 
the mechanism and patterns of injuries, as well as the injury outcomes. The CODES and CIREN 
databases provide important complementary information. CODES, which is a population-based 
study, provides the “big picture” of the prevalence of injury among those involved in motor vehicle 
crashes (including those who sustain minor, moderate, and severe injury), while CIREN enables an 
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in-depth look at the mechanism of a particular injury, and provides significantly greater injury detail, 
based on clinical observations of crash victims admitted to trauma centers (i.e., primarily those who 
sustain serious and/or disabling injury).
 
In this report, initial analyses (Part I) are based on the overall epidemiologic characterization of lower 
extremity injuries provided by Maryland CODES.  These analyses   are   then   repeated (Part II), using 
CIREN data, in order to compare the population-based findings from Maryland CODES with the 
more selective trauma center cases included in CIREN. Further analyses of CIREN data then focus on 
the mechanism and long-term outcomes of these LEI injuries. 

In Part III, detailed analyses of follow-up data from the Maryland CIREN Center are presented, based 
on 6- and 12-month post-injury interviews for a subset of patients with lower-extremity injuries. In 
this part of the report, the comprehensive follow-up data documents human consequences of LEI 
to individuals and families, including psychological, social and financial burdens of LEI trauma.  
Also, more specific details on outcomes and costs are provided for a subset of 10 cases with isolated 
LEI (i.e., only one LEI and no other injuries) in an attempt to estimate the consequences and costs 
attributable to specific fracture types.

I. Population-Based Data On Motor-
Vehicle-Related Lower-Extremity Injuries 

(Maryland CODES)

Methods
For this report, we have conducted an in-depth analysis of the available costs attributable to lower 
extremity injuries. As part of the CODES project, hospital discharge records for the entire State of 
Maryland were obtained to examine the costs of LEI injuries. People who sustain an injury in a 
motor vehicle crash can be identified by E-codes (i.e., mechanism of injury), which were available 
for 90 percent of injured patients. This allowed for a comprehensive examination of statewide costs 
of initial hospital charges for LEI injuries due to motor vehicle crashes. We analyzed calendar year 
2000 and 2001 data from Maryland’s CODES project, in an effort to identify all occupants injured in 
motor vehicle crashes in Maryland, and treated in Maryland hospitals. These cases were classified 
into groups as displayed in table 1.

Table 1 - Stratification of Lower Extremity Injuries 
Injury Group Description

No lower-extremity injury No injury involving the lower extremities

Single lower-extremity injury Single (one bone or dislocation) injury to one lower 
extremity with MAIS > 2, all other body regions with MAIS < 1

Multiple lower extremity Two or more total injuries in one or both lower extremities 
with MAIS > 2, all other body regions with MAIS < 1

Lower extremity and other injuries At least one lower-extremity injury with MAIS > 2, plus MAIS > 
2 in at least one other body region

* MAIS= Maximum AIS score
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The definitions for these groups will be universal for other data presented in the remainder of this 
report.

Lower-extremity injuries corresponding to the pelvis and below were defined by the following ICD-9 
codes in CODES: 820-825.39, 808, 835.0, 836, 837, 838.1. These codes were translated into AIS scores 
for Maximum Abbreviated Injury Scale (MAIS) calculation using ICD-9 Map software for this project 
[16].

Due to the large number of cases in the CODES dataset, it was also possible to determine the initial 
in-hospital charges for specific fracture types.  However, since the hospital discharge data contain 
only ICD-9 codes, it was not possible to group diagnoses by the more detailed Orthopaedic Trauma 
Association (OTA) codes [17], which are available in CIREN data. It also was not possible to obtain 
an estimate of costs sustained after the patient was discharged from the hospital following the initial 
stay, since CODES is based on initial hospital discharge data.  Because mean values may be influenced 
by a few extreme cases, median (i.e., the 50th percentile) hospital charges are presented. 

Results
Table 2 contains CODES data for all Maryland drivers and passengers hospitalized with injuries 
during calendar years 2000 and 2001. There were a total of 9,927 drivers and passengers hospitalized 
during this period. Of that group, the vast majority (78.7 percent) sustained no lower-extremity 
injuries, while 7.4 percent incurred only a single LEI, 2.5 percent had multiple LEIs, and 11.4 percent 
had an LEI and at least one other significant injury. Thus, among those with an LEI, 34.8 percent 
suffered a single LEI, 11.7 percent had multiple LEI, and 53.5 percent had an LEI and an injury to at 
least one other body region.

Table 2 - Motor Vehicle Drivers and Passengers,  
Urgent or Emergent Admission 
MD CODES Data, 2000-2001 (N=9,927)

Lower-Extremity Injury Frequency Percent % Total LEI

No lower-extremity injury 7,809 78.7

Single lower-extremity injury    737  7.4 34.8

Multiple lower extremity    248  2.5 11.7

Lower extremity and other injuries 1,133 11.4 53.5

Total 9,927 100.0

Displayed in table 3 are median values of age, Injury Severity Score (ISS), length of hospital stay 
(LOS), and hospital charges for the patients stratified in table 1. There is little difference in age across 
the four groups. The fourth group (LEI and other injury) has, as expected, a much higher ISS score 
than the other three groups, since the square of the AIS score from one to three body regions is used 
in the calculation of ISS. Only injuries to the lower extremities figure into the ISS calculation for the 
single and multiple LEI groups. 

Total In-hospital charges for drivers and passengers in Maryland for 2000 were $49 million, of which 
approximately $21 million (43 percent) were attributable to patients with LEI. Hospital charges for 
the State increased to $56 million in 2001, of which approximately $25 million (45 percent) were 
attributable to patients with LEI. A comparison of hospital charges among diagnostic groups in both 
CODES and CIREN appears later in this report.
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 Table 3 - Patient and Injury Characteristics by LEI Grouping 
MD CODES Data, Calendar Years 2000-2001 (N=9,927)

Median No LEI Single LEI Multiple LEI LEI and other injury

N 7,809 737 248 1,133

Age (years) 34 33 34 35

ISS 4 5 7.5 14

LOS (days) 1 3 5 6

In-Hospital Charges $ $3,301 $8,546 $14,812 $17,180

Total $ in 2000 (Million) $27.9 $4.2 $2.6 $14.6

Total $ in 2001 (Million) $31.1 $4.7 $2.8 $17.8

 As shown in table 4, median initial in-hospital charges were much higher for the treatment of 
fractures sustained above the knee, such as a long-bone fracture (e.g., femoral shaft, $12,623), when 
compared to injuries occurring to the smaller bones of the foot or ankle (e.g., talus, $7,848). One of 
the primary reasons for this difference is the higher cost of the orthopaedic hardware required for 
fixation of the long bones. However, it is important to note that this table only addresses the in-hospital 
charges, i.e., those charges incurred as part of the initial hospitalization following injury. Subsequent 
charges, including those for rehabilitation therapy, are not available from hospital discharge data, 
which forms the basis of CODES. Figure 1 illustrates the nature of several of the fractures identified 
in table 4.

Table 4 - Median In-Hospital Charges for Single Lower-Extremity Injuries*  
MD CODES Data, 2000-2001 (N=737)  

Body Region Injury N Median

Pelvis (D) Acetabulum Fracture 68 $20,723

(A) Sacroilium/Pubic Symphysis Fracture 54 $4,486

(A – D) Open/closed Pelvic Fracture 142 $6,662

Upper leg  (F) Femur Head Fracture 60 $14,712

(G) Femur Shaft Fracture 145 $12,623

Knee          (I) Patella Fracture 47 $5,157

Lower Leg (M) Tibia Shaft Fracture 122 $9,093

Ankle Bimalleolar or Trimalleolar Fracture 57 $7,541

(L) Medial Malleolus Fracture 17 $5,347

(N)      Ankle Fracture 130 $6,220

Ankle Dislocation 5 $6,561

Foot           (K) Calcaneus Fracture 20 $4,956

(O) Talus Fracture 14 $7,848

Metatarsal or Tarsal Fracture 64 $5,025
*Body Region Fractures are related to Simplified Graphics in figure 1 by the Letters A through O.

Note:  Injuries are listed by descending body region, and charges are only for initial hospital stay.  
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 Figure 1 - Simplified Graphic Representations of LEI Fractures 
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II. In-Depth Trauma-Center-Based Crash 
Reconstruction Data (CIREN)

Methods
A similar analysis was conducted using the central CIREN database. While it is not population-based, 
CIREN provides much more clinical detail than does CODES as data are prospectively obtained 
and there is ongoing collaboration of multidisciplinary team members composed of physicians, 
engineers, crash investigators, and others. Based on input from trauma clinicians, it is possible to 
use more specific coding schemes such as the AIS score and the coding system of the Orthopaedic 
Trauma Association (OTA) [17]. This system allows for finer classification of the nature and severity 
of lower-extremity fractures. OTA coding requires clinical review of appropriate radiographic studies 
for each fracture and/or dislocation and describes their exact location and complexity. In conjunction 
with data on long-term outcomes provided from patient interview, this coding system greatly 
improves the abilities to document the burden of lower-extremity injuries, and the patient’s return 
to pre-injury functional status. In fact, the Association for the Advancement of Automotive Medicine 
(AAAM) is currently developing an updated AIS coding system (AIS 04) that incorporates detail on 
articular fracture patterns.  This new system will assign more specific severity codes based on extent 
of disability as well as threat to life.

Lower-extremity injury in the CIREN project is defined as skeletal injuries involving joints or bones at 
and below the pelvis. These injuries correspond to AIS codes with the first two digits equal to ‘85’ and 
a severity of 2 or higher. Each AIS code is counted as one injury; two injuries are counted for those 
cases with two codes that are exactly the same. The stratification of lower-extremity injury remains as 
previously described in table 1.  

Results
As of August 2003, there were 1,750 cases in CIREN. Of these, 987 (56.4 percent) involved at least 
one lower-extremity injury. The CIREN cases were stratified according to injury group in table 5. 
Less than half (43.6 percent) sustained no lower extremity injuries, while 5.0 percent incurred only a 
single LEI, 7.7 percent had multiple LEIs, and 43.7 percent had a LEI and at least one other significant 
injury in a separate body region. Among those with LEI, 9.0 percent suffered a single LEI, 13.7 percent 
had multiple LEI, and 77.3 percent had an LEI and an injury to at least one other body region. The 
differences in percentages between table 5 and table 2 reflect the fact that CIREN includes trauma 
patients involved in a motor vehicle crash, whereas CODES includes all drivers and passengers 
hospitalized in Maryland, many of whom sustained injuries of a lesser severity. 
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Table 5 - Motor Vehicle Driver or Passenger, Urgent or Emergent Admission 
All CIREN Centers (N=1,750)

Injury Group Frequency Percent % Total LEI

No lower-extremity injury 763 43.6

Single lower-extremity injury 88 5.0 9.0

Multiple lower extremity 134 7.7 13.7

Lower extremity and other injuries 765 43.7 77.3

Total 1,750 100.0

A total of 2,472 lower-extremity injuries, based on AIS codes, were associated with the 1,750 CIREN 
cases (table 6a). Sixty-five percent of these injuries occurred above the ankle and another 22 percent 
involved the ankle or foot; the remaining 13 percent involved other fractures or non-fracture injuries. 
Table 6b contains a listing of available OTA codes for specific lower-extremity injuries sustained by 
the 987 CIREN cases with at least one LEI.  As shown, one AIS code may map to multiple OTA 
codes; however, not all AIS-coded fractures may be mapped to the OTA system.  For instance, pelvic 
injuries, which account for the majority of AIS-coded LEI in CIREN, do not have a corresponding 
OTA code.  Thus, although 2,472 AIS-coded LEI are documented in CIREN, only 1,210 of these LEI 
could be coded by the OTA system.

Table 6a - Distribution of All Lower-Extremity Injuries  
All CIREN Centers (N=2,472)

Fracture N %

Pelvic 632 26

Femur 460 19

Patella 81 3

Tibia/Fibula 433 17

Ankle/Hindfoot 390 16

Tarsal/Metatarsal 152 6

Other 155 6

Non-Fracture injury (including dislocation) 169 7

Total 2,472 100
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Table 6b - OTA Distribution of Lower-Extremity Injuries  
(anatomic location only) 

All CIREN Centers Reporting (N=1,210)

Fracture OTA Code (2 digits) N %

Proximal Femur 31 77 6.4

Femur Shaft 32 217 17.9

Distal Femur 33 59 4.9

Patella 45 55 4.6

Proximal Tibia 41 72 6.0

Tibia/Fibula Shaft 42 73 6.0

Ankle/Hindfoot (Distal tibia, malleolar segment, 
talus, calcaneus) 43, 44, 72, 73 384 31.7

Forefoot Tarsals/Metatarsals 74, 75, 76, 81 161 13.3

Non-Fracture Dislocations/Subluxations 30, 40, 46, 71D, 72D, 
77D**, 80D** 112 9.3

Total 1,210 100.0
* Pelvic fractures are not OTA-coded in CIREN. The use of ICD-9 coding in CIREN allows for pelvic fractures to be detailed.

** These dislocations may involve several joints in the foot.

Hospital charges based on the four-way classification of CODES data parallel similarly stratified 
charges obtained from CIREN cases (figure 2). That is, both databases indicate a significantly 
increasing trend (p < 0.001) in incurred charges as the number of LEIs and involved body regions 
increase. Moreover, the two trends increase at a similar rate; hence the distributions of increasing 
charges within the two studies are statistically equivalent. As can be seen, charges for CIREN cases, 
treated in trauma centers, were significantly higher than the charges from the CODES data, which 
are based on averages from all hospitals. Level 1 trauma centers traditionally have higher costs of 
treatment due to a higher operating cost related to skilled health care specialists required to treat the 
most serious injuries and the technically advanced infrastructure required at such institutions.
  
Trends in median costs were tested using the Jonckheere-Terpstra test for ordered alternatives. The 
Kendall’s partial rank-order correlation coefficient was calculated to compare the trend in costs 
between CODES and CIREN [18]. Pearson’s chi-square statistic and Fisher’s exact test were used 
to compare categorical data. A probability level (p-value) below 0.05 was considered statistically 
significant.
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Figure 2 - Distribution of Median In-Hospital Charges in  
CODES and CIREN Databases 

MD CODES Data 2000-2001, All CIREN Centers (Charges for Initial Admissions)

$0

$10,000

$20,000

$30,000

$40,000

$50,000

No LEI Single LEI Multiple LEI LEI and other 
injury

CODES

CIREN



CIREN Report: Consequences and Costs of Lower-Extremity Injuries   ��

  Table 7 - In-Hospital Median Charges for Single Lower-Extremity  
Injuries by OTA Code  

All CIREN Centers (N=62)

Body Region OTA Code N
AIS 

Score Median ($) Articular*

Upper Leg 31B Femur Neck Fracture 1 3 48,910 No

32A Femur Shaft Simple Fracture 17 3 20,695 No

32B Femur Shaft Wedge Fracture    18 3 25,639 No

32C Femur Shaft Complex Fracture 1 3 33,723 No

33C Femur Distal Simple Fracture 3 3 67,134 Complete

Knee 45B Patella Fracture 1 2 17,733 Partial

Lower Leg 41B Tibia/Fibula Proximal Fracture 3 2 17,766 Partial

41C Tibia/Fibula Proximal Fracture 2 2 40,052 Complete

Ankle 44B Tibia/Fibula Malleolar Fracture 
Transsyndesmotic

1 2 103,382 Complete

44C Tibia/Fibula Malleolar Fracture 
Suprasyndesmotic Lesion 

1 2 16,773 Complete

Foot 73B Calcaneus Fracture 1 2 9,370 No

72A Talus Fracture 2 2 16,910 No

72B Talus Fracture 2 35,460 Partial

72D Subtalar Dislocation 2 2 24,259 No

81A Metatarsal Shaft Proximal 
Fracture

6 2 3,109 No

81C Metatarsal Proximal Fracture 1 2 12,010 Complete
* Complete articular involvement indicates 100 percent of the weight-bearing articular surface is disrupted. Partial articular involvement 
indicates that some part of weight-bearing articular surface is not disrupted.

 
As mentioned previously, OTA codes allow for more specific classification of fracture patterns, 
including disruption of articular surfaces, which often result in long-term disability. Table 7 details 
in-hospital charges for patients with a single lower-extremity injury according to the corresponding 
OTA code. This allows for greater distinction between fracture types within a given bone and for 
fractures with differing degrees of articular involvement. Even though the sample within each group 
is relatively small, fractures that include the articular surface, both partial and complete involvement, 
prove to have the higher in-hospital charges.  For example, the median hospital charges for femur 
fractures without articular involvement ranged between $20,000 and $49,000, whereas a femur fracture 
having complete articular involvement cost, on average, more than $67,000.  These differences in 
median hospital charges occurred despite the assignment of the same AIS score (i.e., AIS = 3) for each 
femur fracture.
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III.  Long-Term Consequences Of Motor-
Vehicle-Related Lower-Extremity Injuries 

(Maryland CIREN Center Data)

Methods

As of September 2003, 103 cases with at least one LEI injury were treated at the Maryland CIREN 
center and interviewed at baseline (time of injury) and subsequently at 6 and 12 months after injury. 
These cases form the basis of the analysis presented in the remainder of this report.

In CIREN, in addition to data obtained during the initial hospitalization period, detailed patient 
interviews are conducted at 6 months and 1 year post-injury as part of the project protocol. Information 
is collected regarding inpatient and outpatient rehabilitation therapy, repeat hospitalizations, 
ambulation problems, return to driving and return to employment. These interviews capture pre-
injury health information and trauma history.  The interviews include questions that measure 
depression, cognitive function, and Post Traumatic Stress Disorder (PTSD). The 36-Item Short-Form 
Health Survey (SF-36), a standardized generic questionnaire designed to show general health status, 
is also administered at 6 months and 1-year post-trauma.

As illustrated in figure 3, total median hospital and professional charges for Maryland CIREN cases 
approached $50,000 for the initial hospital stay. Charges associated with LEI patients who were 
admitted to an in-patient rehabilitation facility following their hospital admission were more than 
$10,000 higher than charges for patients who received out-patient therapy. Moreover, these estimates 
do not include charges associated with re-hospitalization or further rehabilitative care since some 
patients received follow-up care at outside facilities where data were not made available. Patients 
discharged to an in-patient rehabilitation facility remained there, on average, 3 weeks for therapy 
(range 1 to 24 weeks). Out-patient therapy usually lasted approximately 12 weeks (range 1 to 36 
weeks).  

Despite the widely perceived “minor” nature of these injuries, the medical costs (in addition to other 
financial, familial, and pain and suffering costs) have a major financial impact on many families (see 
figure 3).  Although most of the patients had insurance to cover their medical charges (62 percent 
private/HMO and 20 percent Medicare/Medicaid), 33 percent of these patients felt the financial 
impact of their injury was severe and caused hardships for themselves and their families due to loss 
of income and lack of adequate insurance coverage. Another 25 percent said the financial impact was 
moderate due to decreased income and large deductibles and co-pays.  Only 17 percent of the group 
reported no financial impact due to excellent insurance coverage and little to no change in household 
income or expenses. However, this group was composed primarily of students and homemakers, who 
were not primary wage earners. By the 6-month interview, 56 percent of all LEI patients indicated 
that they were not receiving a continued salary or disability pay, while another 21 percent reported a 
need to rely on family members for their primary source of income.
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Figure 3 - Median Charges and Financial Impact  
Maryland CIREN Center (N=103)

At 6 months post-trauma, two-thirds of the patients reported problems with walking, required 
assistance in ambulation such as the use of a walker or cane, or were unable to bear weight and were 
confined to a wheelchair (figure 4). Almost 40 percent of the patients who were walking independently 
recounted having serious problems due to slow and painful gait or limp.  By one year, 49 percent of 
the cohort continued to report difficulty with ambulation and 4 percent of the group were still not 
able to walk on their own.  Issues such as pain and inability to bend, stoop, kneel, or climb stairs 
have a profound effect on work productivity, especially for those jobs requiring physical labor and/
or activity necessitating being on one’s feet a great deal, getting in and out of vehicles, or extensive 
walking. As the average age of these patients is around 30, these injuries also impact child-rearing 
and homemaking as well as careers for years to come. 

Figure 4 - Ambulation Problems Among LEI Patients 
Maryland CIREN Center (N=103)

None

Small

Moderate

Severe

Median Costs
� Hospital & Professional $44,380

� Inpatient Rehabilitation $16,975

� Outpatient Rehabilitation $  6,205

Financial Impact

17%

33%

25%

25%

No limitations

With difficulty

With assistance

Unable to ambulate

6 Months 1 Year

21% 34%

39%

6%
4%

47%

34%

15%



�� Office of Vehicle Safety Research - Technical Report

Of all lower-extremity injuries, ankle and foot injuries have the most debilitating long-term effects. 
Thus, differences in long-term outcomes were also analyzed among LEI patients who did and did 
not incur an ankle or foot fracture, as defined by AIS score, since such injuries frequently involve 
articular surfaces.  As shown in table 8a, LEI patients with an ankle/foot fracture incurred higher 
hospital, professional, and rehabilitation charges than did those without an ankle/foot fracture.  In 
addition, patients with ankle/foot fractures were more likely than were those without such fractures 
to be re-hospitalized at least once within the 12-month period for circumstances related to their initial 
injury (table 8b). Approximately two-thirds of those who sustained ankle or foot fractures reported 
significant ambulation problems at 6 months and one year. Patients sustaining an ankle or foot fracture 
were also less likely to return to work or activities such as driving at 12 months post-trauma. 

Table 8a - Ankle/Foot Fracture vs. No Ankle/Foot Fracture 
Hospital, Professional and Rehabilitation Charges   

Maryland CIREN Center (N=103)

Ankle/Foot 
Fracture
(N=50)

No Ankle/Foot 
Fracture
(N=53) p-value

 Hospital + Professional (median $) 51,869 38,602 0.06

 Inpatient Rehabilitation (median $) 20,000 13,095 0.11

 Outpatient Rehabilitation (median $) 8,000 6,170 0.33

 Hospital + Professional + Rehabilitation (median $) 76,904 50,328 0.02

 
Table 8b - Ankle/Foot Fracture vs. No Ankle/Foot Fracture 

Long Term Outcomes – Physical Functioning  
Maryland CIREN Center (N=103)

Ankle/Foot 
Fracture (N=50)

No Ankle/Foot 
Fracture (N=53)

p-valuen % n %

Re-hospitalization 
• At least once

 
28

 
56 

 
15

 
28

 
0.004

Ambulation Problems 
• 6 months 
• 1 year

 
38 
34

 
76 
68

 
30 
21

 
57 
40

 
0.040 
0.004

Cannot return to driving 
• 6 months 
• 1 year

 
22 
14

 
44 
28

14 
10

 
27 
19

 
0.07 
0.27

Cannot return to work 
• 6 months 
• 1 year

 
13 
14

 
26 
28

 
6
7

 
11 
13

 
0.05 
0.06 

There was a high prevalence of psychological and sociological problems in the LEI group of 103 
patients, although no differences were noted between those with and without ankle/foot fractures 
(table 8c). Psychosocial problems, such as PTSD, were evident in over 20 percent of all patients with 
LEI. Depression was a significant issue post trauma, affecting over one-third of the study group; 
patients with a pre-injury history of depression were twice as likely to exhibit symptoms of depression 
at 1 year post-trauma, prolonging their return to functioning. 
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Table 8c - Ankle/Foot Fracture vs. No Ankle/Foot Fracture 
Long Term Outcomes – Psychosocial Functioning 

Maryland CIREN Center (N=103)

Ankle/Foot 
Fracture 
(N=50)

No Ankle/
Foot Fracture 

(N=53)

p-valuen % n %

PTSD
• 6 months
• 1 year

 
11 
12

 
22 
24

 
15 
15

 
28 
28

 
0.46 
0.62

Patients with History of Depression 
• Depression at 6 months 
• Depression at 1 year

(n=19) 
13 
11

 
68 
58

(n=21)
11 
14

 
52 
67

 
0.30 
0.57

Patients without History of Depression  
• Depression at 6 months  
• Depression at 1 year

(n=31) 
14 
10

 
45 
32

(n=32) 
12 
11

 
38 
34

 
0.54 
0.86

Behavioral Changes  
• 6 months  
• 1 year

 
16 
10

 
32 
20

 
19 
11

 
36 
21

 
0.68 
0.92

Cognitive Changes  
• 6 months  
• 1 year

 
16 
15

 
32 
30

 
17 
18

 
32 
34

 
0.99 
0.67

Pain 
• 6 months 
• 1 year

 
34 
28

 
68 
56

 
31 
23

 
58 
43

 
0.32 
0.20

 
Cognitive problems (difficulty with concentration, attention and memory) were also experienced by 
30 percent of patients and behavioral changes, such as increased irritability or personality changes, 
were reported for 20 percent of the group. Joint pain, still experienced by more than one-half of patients 
at 1 year post-trauma, also contributed to a delay in return to work or poorer work performance. 
For both in-patient and out-patient aspects of their treatment, those with an articular ankle/foot 
fracture incurred higher charges than those with a non-articular ankle/foot fracture (table 9).  These 
differences are seen in both acute hospital and professional charges and out-patient rehabilitation, 
which supports the conclusion that fractures involving articular surfaces are more costly, especially 
after the patient leaves the hospital, than those that are non-articular in nature.

Table 9 - Involvement of Articular Surface in Ankle/Foot Fractures 
Maryland CIREN Center (N=50)

Articular (N=42) 
Median

Non-Articular 
(N=8) Median p-value

Hospital + Professional Charges $55,704  $35,553 0.12

Inpatient Rehabilitation Charges $20,500 $19,388 0.51

Outpatient Rehabilitation Charges  $8,880 $3,570 0.30

Hospital + Professional + Rehabilitation $78,694 $37,439 0.08
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Further evidence of the debilitating nature of ankle/foot injuries can be shown by results of the 
SF-36.  The SF-36 provides a measurement of eight health concepts, or domains, related to physical 
and social functioning.  Scores for each domain range from 0 to 100, with a higher score indicating 
a more positive outcome.  For each domain, results indicated that patients generally declined in 
function from baseline to 6 months post-trauma before improving slightly at 12 months, to below 
baseline levels.  With the exception of the domain of role physical, (which measures physical problems 
in performing daily and work-related activities), this trend occurred within both the ankle/foot and 
no ankle/foot fracture groups.

Figure 5 summarizes the interaction between fracture occurrence and role physical functioning over 
time.  Patients without an ankle or foot fracture scored twice as high at 12 months than at 6 months.  
However, those with an ankle/foot fracture exhibited almost no improvement between 6 and 12 
months.  

Figure 5 - Role Physical Mean Scores According to  
Fracture Group Changes Over Time  

Maryland CIREN Center (N=103)
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Finally, to further illustrate the significant, and frequently long-term, burden associated with lower 
extremity injuries, 10 CIREN cases are presented as follows. In each case, the only significant injury 
(AIS>=2) was an isolated lower-extremity injury. Patients with isolated LEI were selected in an 
attempt to find a more “pure” estimate of consequences and costs associated with a given type of 
fracture. These cases provide a cross-section of crash victims with similar injuries who are faced with 
similar economic and psychosocial burdens for a substantial period of time following their initial 
medical care. 

A synopsis of each of the 10 cases, including charges and long-term outcomes, is presented in the 
Appendix. Individual case studies are presented, including crash pictures, injury descriptions, 
radiographic images, and SF-36 scores at baseline, 6 months and 1-year post-injury. Additional 
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information is obtained by interview regarding (a) pre-injury health information and trauma history, 
(b) two questions that measure depression [19], (c) a screening tool for assessment of alcohol and drug 
use, (d) questions regarding cognitive function, (e) items meeting the diagnostic criteria for PTSD 
[20], and (f) a numeric pain intensity scale [21]. In addition, the appendix provides a summary of 
outcomes and charges for this group of 10 patients. It should be noted, however, that these cases, while 
representative of a cross-section of types of lower-extremity injuries, may reflect an underestimate of 
the associated costs and outcome problems, as they do not include patients with bilateral injuries 
or serious brain injury. Yet cognitive problems were evident at 1-year post-injury for 3 patients. 
Additionally, 5 patients were experiencing symptoms of depression affecting their quality of life and 
feelings of well-being. Patients who experience a more complicated course may be expected to have 
further problems that impede recovery. 

Although all 10 cases required rehabilitative therapy, it should be noted that those patients who 
sustained serious injury involving articular (joint) surfaces (see cases 1-5) had poorer outcomes at one 
year. Each of these cases (who had injuries with AIS>=2) had problems with ambulation and ongoing 
pain at 1-year post-injury. Four out of 5 patients exhibited slow, painful gaits, difficulty climbing 
stairs, or walking any distance. Each had been employed full-time prior to their crash, but none were 
eligible to receive any wages or disability income. Three of these patients were still unemployed at 
1 year, due to their inability to perform job functions following their injuries. Since patients with a 
single lower-extremity injury are usually discharged to home, they nonetheless required out-patient 
therapy 3 to 5 times a week, lasting up to 6 months post-injury. Case 5, however, did not have out-
patient therapy due to lack of insurance coverage, despite medical recommendation. 
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Figure 6 summarizes the health domains of the 10 cases. In contrast to the customary SF-36 graph, 
this chart was chosen to identify the mean percent decline in each category at 1 year as compared to 
their baseline score. For each domain, all patients declined in function from baseline to 1-year post-
trauma. However, despite small numbers in each group, patients with articular injuries fared worse 
than those with non-articular injuries.

Figure 6 - SF-36:  Percent Decline From Baseline to 1-Year by  
Articular Involvement (N=10)

Thus, in summary, crash victims with lower-extremity injuries have higher hospital charges than 
those without LEI. Initially, those with fractures of the long bones have higher associated costs. 
Also, within a given fracture type (e.g., ankle), those with articular damage have higher in-hospital 
charges than those without (table 9). However, upon examination of long-term impact (post-hospital 
discharge) it is apparent that those with ankle/foot fractures (the majority of whom have an injury 
with AIS=2) fare considerably worse at 1 year in terms of ability to return to pre-injury functioning. 
This is especially true for those with articular disruption, such as that seen in pilon fractures.
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Discussion
These findings illustrate the high incidence of lower-extremity injuries incurred in motor vehicle 
crashes and their staggering associated consequences and costs. In fact, with the evolution of modern 
occupant restraints, there has been a relative increase in the burden of these injuries due to the fact that 
more drivers who survive high-energy crashes (and previously did not) still sustain LEI. Total hospital 
charges for drivers and passengers in Maryland in the year 2000 were estimated to be $49 million, 
of which approximately $21 million (43 percent) were attributable to patients with LEI, up from 40 
percent in 1988 [22].  By 2001, statewide charges associated with hospitalized vehicular occupants 
had increased to $56 million, of which approximately $25 million (45 percent) were attributable to 
patients with LEI.

Previous studies addressing the cost of lower extremity injury have concluded that costs increase 
with increasing AIS scores [23]. However, these analyses have usually been based strictly on 
injury documentation from “administrative” or hospital discharge records, which do not have the 
advantage of the degree of clinical insight and thus, detail, documented in CIREN. In addition, many 
analyses related to costs address only the acute care costs associated with the initial hospitalization, 
thereby missing the long-term costs associated with rehabilitation, repeated surgeries, job loss, and 
impairment of mobility. These longer-term and indirect costs frequently dwarf those associated with 
acute care despite the fact that many patients who experience difficulties in returning to pre-injury 
functioning have injuries with an AIS score equal to two. 

The primary costs to patients with articular injuries are reflected in their inability to return, or lengthy 
delay in returning, to pre-injury activities such as driving, employment, household maintenance, 
or leisure-time activities. This increased dependence, in conjunction with decreased income and 
continued legal issues, frequently complicates the recovery process and can lead to symptoms of 
depression and post-traumatic stress. 

These social “costs,” although indirect, difficult to measure, and difficult to assign a dollar value, 
impede the recovery process. Now that more and more people survive high-energy crashes due 
to state-of-the-art vehicles, pre-hospital transport, and trauma care systems, it is paramount that 
adequate treatment be provided to address these clinical issues and reduce societal costs both in the 
workplace and at home.

Furthermore, financial debts and altered lifestyle impact not only the patient but the patient’s family 
and other caregivers, extending burdens such as time lost from work, transportation costs, and other 
issues such as child-rearing to other family members. Thus, costs attributable to the crash are not 
limited to the injured party per se, but also impact their family members, community, and society in 
general.

Injury severity scales that reflect disability need to more accurately capture the fact that fractures 
involving articular surfaces frequently have the greatest long-term consequences on patients’ return 
to pre-injury functioning. In fact, such an effort is already under way by the Association for the 
Advancement of Automotive Medicine (AAAM), a professional multidisciplinary organization 
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dedicated entirely to motor vehicle crash injury prevention and control. As previously explained, 
AIS codes, the standard for most injury research, were originally based on mortality, not morbidity, 
and therefore do not adequately reflect long-term disability. However, AAAM, working with CIREN 
researchers, is currently developing an updated AIS coding system that incorporates the articular 
nature of fractures. This new system will assign more specific severity codes based on threat to life as 
well as extent of disability. 

These data highlight the uniqueness of the CIREN program, with its ability to document detailed 
injury and crash information, including long-term outcomes. Without the detailed classification 
presented by the OTA data in addition to long-term outcome data, it would not be possible to illustrate 
the significantly higher burden imposed by articular fractures, and it would be easy to conclude, 
mistakenly, that fractures of long bones, with higher AIS scores, are the more costly injuries.

These findings strengthen the need for primary prevention, which in turn must be based on a 
comprehensive understanding of the biomechanics of lower extremity injury. From real-world 
findings noted among patients admitted to trauma centers, CIREN engineering/biomechanics 
experts are working to replicate these injuries, using tools such as computer simulation or dummy 
crash test experiments. Moreover, engineers from the automotive industry are using CIREN insights 
into the crash injuries to improve safety performance. 

Many lower-extremity injuries are sustained in crashes with little or no intrusion. However, crash 
reconstruction data and simulation results suggest that factors such as a vehicle’s change in velocity 
as well as rate and timing of intrusion must be considered when examining LEI injury mechanisms. 

Hopefully, this report advances understanding of the life-altering impact of these injuries on 
individuals, families, and society.



CIREN Report: Consequences and Costs of Lower-Extremity Injuries   ��

References
1.   P.C. Dischinger, B.M. Cushing, T.J. Kerns.  Lower extremity fractures in motor vehicle collisions: 

Influence of direction of impact and seatbelt use.  38th Annual Proceedings, Association for the 
Advancement of Automotive Medicine, 1992, pp. 319-325. 

2.   D. Otte, H. Rhheinbaben, H. Zwiipp. Biomechanics of injuries to the foot and ankle joint of car 
drivers and improvements for an optimal car floor development.  Proc 36th Stapp Car Crash 
Conference, SAE 922514, 1992.

3.   J.R. Crandall, G.S. Klopp, S Klisch, E. Sieveka, W. Pilkey, P. Martin.  Research program to 
investigate lower extremity injuries. In-Depth Accident Investigations–Trauma Team Findings 
in Late-Model Vehicle Collisions.  Society of Automotive Engineers, SAE Paper No. 940711, 
1994.

4.   H.J. Kruger, G. Heuser, B. Kraemer, A. Schmitz.  Foot loads and footwell intrusion in an offset 
frontal crash.  Paper 94-S4-0-03.  14th ESV Conference, Berlin, Germany, 1994.

5.   E.J. MacKenzie, S. Shapiro, J.H. Siegel.  The economic impact of vehicular trauma: One-year 
treatment related expenditures.  32nd Annual Proceedings, Association for the Advancement of 
Automotive Medicine, 1988: pp 53-68.

6.   J.D. States.  Adult occupant injuries of the lower limb.  In: Biomechanics and Medical Aspects of 
Lower Limb Injuries.  Warrendale, PA: Society of Automotive Engineers, Inc.; 1986: pp 97-107.

7.   Association for the Advancement of Automotive Medicine.  The Abbreviated Injury Scale: 1990 
Revision. Des Plaines, IL:  Association for the Advancement of Automotive Medicine; 1990.

8.  S. Luchter. Long-term Consequences of Lower Extremity Injuries. Proceedings of the 
International Conference on Pelvic and Lower-Extremity Injuries, Washington, DC,  
December, 1995.

9.   E.J. MacKenzie, J.H. Siegel, S. Shapiro, M. Moody, R.T. Smith: Functional recovery and medical 
costs of trauma: an analysis by type and severity of injury.  J Trauma 28:281-298, 1993.

10.  E.J. MacKenzie, B.M. Cushing, G.J. Jurkovich, J.A. Morris, A.R. Burgess, B.J. deLateur, M.P. 
McAndrew, and M.F.Swiontkowski.  Physical impairment and functional outcomes six months 
after severe lower-extremity fractures.  J Trauma 34: 528-539, 1993.

11.   K.M. Read, J.A. Kufera, P.C. Dischinger, T.J. Kerns, S.M. Ho, A.R. Burgess, and C.A. Burch.   
Life-altering outcomes after lower-extremity injury sustained in motor vehicle crashes.  J 
Trauma 57:815-823, 2004.

12.   C. Mock, G. Jurkovich, E. MacKenzie, M. Swiontkowski, A. Burgess, B. Cushing, B. deLateur, 
M. McAndrew, J. Morris.   Long-term functional outcome in trauma patients:  Assessment using 
the Sickness Impact Profile (SIP).  Proceedings of the 22nd Annual Meeting of the American 
Public Health Association, p. 158, 1994.



�� Office of Vehicle Safety Research - Technical Report

13.   C.K. Van der Sluis, W.H. Eisma, J.W. Groothoff, and H.J. Ten Duis.  Long-term physical, 
psychological and social consequences of a fracture of the ankle.  Injury 29:277-280, 1998.

14.   International Classification of Diseases, 9th Revision, Clinical Modification.  Med-Index 
Publications.  Salt Lake City, Utah,  1992.

15.   S. Kuppa, J. Wang, M. Haffner, R. Eppinger.  Lower-Extremity Injuries and Associated Injury 
Criteria.  17th ESV Conference, Paper No. 457.  Washington, DC, USA:  National Highway 
Traffic Safety Administration, 2001.  

16.   E.J. MacKenzie, A.C. Newman, W.J. Sacco, J.F. Kutcher, G.G. Thompson, S.D. Mack, A.W. Copes: 
ICDMAP-90Software User’s Guide. Baltimore, MD: The Johns Hopkins Center for Injury 
Research and Police and Tri-Analytics, Inc., 1997.

17.  Orthopaedic Trauma Association Committee for Coding and Classification.  Fracture and 
Dislocation Compendium.   J Orth Trauma, 1996;10, Suppl. 1:v-ix, 1-154

18.  S. Siegel, N.J. Castellan, Jr.,. Nonparametric Statistics for the Behavioral Sciences, 2nd ed. New 
York: McGraw Hill, Inc.; 1988.

19.  M.A. Whooley, A.L. Avins, J. Miranda, W.S. Browner. Case-finding instrument for depression: 
Two questions are as good as many. J Gen Intern Med 1997;12:439-445.

20.  American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders, 
Fourth Edition (DSM-IV-TR), 2000, pp. 463-468.

21. Joint Commission on Accreditation of Healthcare Organizations. Pain Assessment 
Management, an Organizational Approach, 2000. 

22.  T.R. Miller. Cost and functional consequences of United States roadway crashes. Accident 
Analysis and Prevention 1993;25(5):593-607.

23.  E. Zaloshnja, T. Miller, E. Romano, R. Spicer.  Crash costs by body part injured, fracture 
involvement, and threat-to-life severity, United States, 2000.  Accident Analysis and Prevention 
2004;36:415-427.



CIREN Report: Consequences and Costs of Lower-Extremity Injuries   ��

Appendix of LEI Case Summaries
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