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Background 

On December 23, 2003, Agriculture Secretary Ann M. Veneman announced that the U.S. Department 
of Agriculture (USDA) had diagnosed a presumptive positive case of bovine spongiform 
encephalopathy (BSE) in an adult Holstein cow in the state of Washington. Following confirmation of 
the preliminary diagnosis (Dec-25-2003), Secretary Venemen announced (Dec-30-2003) that USDA’s 
Food Safety and Inspection Service (FSIS) would further strengthen U.S. protection systems designed 
to safeguard the nation’s consumers against BSE and listed six specific actions that would be 
employed to protect public health. One of the six action points cited by Secretary Venemen focused 
on control of “Specified Risk Material” (SRM) and included the following directive:  
 
“Effective immediately, upon publication in the Federal Register, USDA will enhance its regulations 
by declaring as specified risk materials, skull, brain, trigeminal ganglia, eyes, vertebral column, 
spinal cord and dorsal root ganglia of cattle over 30 months of age and the small intestine of cattle 
of all ages, thus prohibiting their use in the human food supply. Tonsils from all cattle are already 
considered inedible and therefore do not enter the food supply…”  
 
The directive quoted above was among four new regulations publicly released by USDA on January 8, 
2004 and subsequently implemented in an FSIS Interim Final Rule (9 CFR Parts 310, 311, 318, and 
319) published in the Federal Register (Vol. 69, No. 7, pp. 1862-1874) on January 12, 2004.  
Because most of the SRM control measures outlined in the new regulations were required only if the 
listed tissues were obtained from cattle 30 months of age or older, it was necessary for FSIS to 
specify methodology that would be used by inspection program personnel to determine cattle age at 
harvest. According to the Interim Final Rule, FSIS personnel are permitted to use a combination of 
two methods to verify the age of cattle presented for harvest in federally inspected beef plants. If 
“accurate and reliable” records documenting the actual age of an animal are presented at the time 
of harvest (i.e., a birth certificate, cattle passport, or other form of identification and age 
documentation), FSIS inspectors may accept such records as verification of the animal’s age. If no 
such information is available, or if the records presented to document the age of an animal are of 
questionable validity, then the age of the animal is verified using dental examination (dentition). 
Moreover, the Interim Final Rule specified that, if dentition is used as the basis for age verification, 
cattle are considered to be 30 months of age or older if they have at least one of the second set of 
permanent incisors erupted (a tooth is “erupted” if it protrudes above the gum line).  

Another common question, posed by many in the beef industry, was whether, in the absence of 
actual age documentation, USDA carcass maturity classification (specifically skeletal maturity, 
assessed immediately following splitting of the carcass) could be used, rather than dentition, 
for identification of cattle that are 30 months of age or older. For decades, the Meat Grading 
and Certification Branch of the USDA-AMS-Livestock and Seed Program has used beef 
carcass indicators of age or physiological maturity (skeletal ossification, shape and color of 
the rib bones, and color and texture of lean tissue) to reflect age/maturity differences – 



 

primarily for purposes of grading and marketing. The youngest maturity classification for beef 
carcasses, A-maturity, is generally believed to approximate a chronological age range of 9 to 30 
months, so, in theory, cattle producing A-maturity carcasses should be less than 30 months old. In a 
study involving commercially fed cattle of unknown ages, Lawrence et al. (2001) found little 
agreement between dentition and carcass maturity classification. However, there have been no 
direct comparisons of the efficacy of dentition vs. carcass maturity for identifying actual age 
differences among cattle currently comprising the U.S. fed beef population.  
 
The stated objectives for this work were:  

1. To determine and document the effectiveness of using dentition to verify actual ages of 
cattle in the U.S. fed beef population.  

2. To determine if USDA skeletal maturity could be used, instead of dentition, to verify actual 
ages of cattle harvested in U.S. fed beef plants.  

 

Methodology 

Commercially fed cattle of known ages (n = 7705) were identified for inclusion in the study. Cattle 
feeders in various regions of the U.S. were contacted and asked if they could supply actual age 
information for any of the cattle in their feedlots. In many cases, exact birth dates could not be 
documented, but an approximate calving date, within a specified calving interval, could be provided. 
Cattle were included in the study if the feeder could provide a two-month interval that included the 
actual birth date of the animal (e.g., March/April). The earliest possible month of birth was recorded 
for each animal, as his or her birth month. For example, if a feeder specified February/March as the 
months of calving for a group of cattle, February was recorded as the birth month for all animals in 
the group. Sampling procedures focused on identification of cattle 18 months of age and older, 
although cattle as young as 15 months were included. Sex class was allowed to vary randomly in the 
experimental sample. Though breed was not a specific selection criterion, a variety of cattle breed 
types were identified and included in the sample.  
 
On their normally scheduled harvest dates, groups of cattle identified for inclusion in the study were 
delivered to commercial beef processing plants and tracked through processing. Each group of cattle 
was assigned a lot number to link the group to its origin (specific feedlot) and individual ear tag 
numbers and (or) pen tag numbers were recorded, so that each animal’s age information and 
additional production data (type and number of implants administered during finishing) could be 
obtained from the feeder or owner. Individual carcasses were identified using plant ID numbers to 
facilitate individual data collection.  
 
During harvest, the age/sex class (heifer, steer, cow, bull) of each animal was recorded and the 
animal’s breed-type (British, Continental European, British × Continental European, Brahman, 
Brahman-crossbred, Dairy, or Other) was determined using phenotypic indicators of breed. Dental 
examination was performed after stunning and bleeding, but before head removal. To facilitate 
dentition scoring, each incisor was numbered by position (see Figure 3) and, then, assigned an 
alphabetical rating indicating its eruption status (A = Deciduous incisor present, B = Incisor missing, 
C = Permanent incisor erupting, D = Permanent incisor 1/2 up, E = Permanent incisor fully erupted). 
 
Shortly after each carcass had been split into sides, an experienced evaluator assigned the carcass 
a skeletal maturity score (A00, A10, A20 … E100) using procedures outlined in the Official U.S. 
Standards for Grades of Carcass Beef (USDA, 1996). Following chilling (24 to 48 h later), 
carcasses were presented for grading and USDA grading supervisors assigned both skeletal 
and lean maturity scores to each carcass (USDA, 1996).  
 



 

The initial sampling/data collection period began on January 26, 2004 and concluded March 26, 
2004. Additional data were collected for several groups of Brahman-crossbred cattle between May 
19 and June 9, 2004. Data were collected at eight different commercial beef plants in three states. 
Specific data collection sites and the proportion of the sample obtained at each site are shown in 
Table 1. 
 
Findings 

Data characterizing the experimental sample are provided in Table 2. Sampling procedures resulted 
in reasonably balanced proportions of heifers and steers and adequate representation of the three 
predominant cattle types (British, Brahman, and Continental European) in the U.S. beef cattle 
population. A small group of Mexican-type (Corriente) steers was included in the sample, but no dairy 
cattle were sampled.  
 
Consistent with the focus of our sampling efforts, most (85%) of the cattle were 18 months or older. 
However, an obvious deficiency in the sample is the small number of cattle with actual ages of 30 
months and older. Despite concentrated efforts to identify more cattle in the 30-month and older age 
range, we were unable to do so. Our difficulty in identifying cattle to represent this age range 
stemmed from the basic fact that so few cattle in mainstream U.S. beef production channels exceed 
30 months of age.  
 
As would be expected, considering the distribution of actual ages, most of the cattle in the study 
produced carcasses classified as A or B with respect to skeletal maturity. Fewer than 3% of the 
carcasses were classified as C-maturity or older.  
 
The majority (71%) of cattle comprising the experimental sample received growth-promoting implants 
prior to harvest, whereas about 29% of the cattle were not implanted. Of the cattle that received 
finishing implants, most received either one or two successive implants during the finishing period 
(Table 2).  
 
Dentition characteristics of cattle comprising the experimental sample are summarized in Table 3. In 
cattle, permanent incisors typically erupt in pairs, so there is a tendency for animals to possess 
“even” numbers (2, 4, 6, or 8) of permanent teeth. More than three-fourths of the cattle in the 
experimental sample had no permanent incisors, while approximately 22% had either one or two 
permanent central (first) incisors. Only 1.4% of the cattle sampled for the study had one or more 
permanent middle (second) incisors and less than 1% had permanent lateral (third) or corner (fourth) 
incisors.  
 
Data presented in Table 4 summarize the observed dentition characteristics for cattle ranging in age 
from 15 to 37 months. Comparison of actual ages with dentition age estimates in Table 4 reveals 
some general agreement between actual and estimated age, but also underscores the imprecision 
of using dentition to determine age. For example, using FSIS guidelines, cattle that do not have 
permanent incisors are estimated to be 15 to 18 months old. Though most of the 15 to 18-month 
old cattle in the present study had all deciduous incisors, some cattle as young as 15 months 
possessed erupted permanent incisors, whereas a substantial number of cattle over 18 months old 
– some as old as 33 months – still had all deciduous incisors (Table 4).  
 
According to FSIS documentation, the central pair of incisors normally erupts at 18 to 24 
months. In the present study, most of the cattle that possessed permanent central incisors 
were 22 to 30 months old (Table 4); however, the ages of cattle with their first pair of 
permanent incisors ranged from 15 to 36 months. The mean age of cattle in the present 
study with one or two permanent central incisors was 24.3 months (SD = 2.02).  



 

 
The focal point of the newly implemented dentition regulations is eruption of the second pair of 
permanent incisors. According to FSIS guidelines, the middle (second) set of permanent incisors 
erupts at 24 to 30 months. Data presented in Table 4 suggest that, in our study, only a few cattle 
had permanent middle incisors before 27 months; however, some cattle, as young as 20 months, 
possessed permanent middle incisors. The mean age of cattle in the present study with one or two 
permanent middle incisors was 28.7 months (SD = 5.38), while the highest incidence of permanent 
middle incisors was observed among cattle 33 to 36 months old (Table 4).  
 
A small number of cattle in the present study (some as young as 24 months) prematurely possessed 
their 3rd or 4th pairs of permanent incisors, which (according to FSIS) normally erupt at 
approximately 36 and 42 months, respectively. The highest frequencies of permanent lateral and 
corner incisors were observed among cattle 33 months old or older (Table 4).  
 
The frequencies of cattle in each age group classified as less than 30 months or as 30 months or 
older, using FSIS dentition procedures, also are shown in Table 4. Among cattle less than 27 months 
old, only 58 of 7502 cattle (0.75%) were misclassified as 30 months or older, using dentition. 
However, among 27-month old cattle, dentition misclassified 36% as 30 months or older. 
Unfortunately, our inability to identify and sample more cattle in the 28 to 32-month age range 
prevented thorough examination of dentition characteristics at and around the 30-month line. 
Nevertheless, based on data for a limited number of cattle, dentition appeared to be reasonably 
effective for identifying cattle with actual ages greater than 30 months (Table 4).  
 
A clearer representation of the effectiveness of dentition for identifying cattle 30 months of age or 
older is presented in Table 5. Dentition (as applied by FSIS) correctly classified over 99% of the cattle 
in the 18 to 23-month age group as less than 30 months old, while fewer than 0.5% of the cattle in 
this age group were incorrectly classified as being 30 months old or older. Considering that most 
steers and heifers produced in mainstream U.S. production systems are harvested before 2 years of 
age, data in Table 5 suggest that the risk to U.S. cattlemen of having their fed steers and heifers 
misclassified by FSIS dentition procedures is relatively low. For cattle 24 to 29 months old, the risk of 
being falsely classified as 30 months old or older was slightly higher (2.7%), yet, even in this age 
group, over 97% of the cattle were correctly classified (Table 5). When weighed against the 
importance of SRM control and protection of public health, an error rate of 2.7% seems relatively 
low. The 95% confidence intervals for frequency estimates in the 18 to 23-month and the 24 to 29-
month age groups (Table 5) suggest that the reported values are reliable estimates of population 
frequencies among cattle of these ages.  
 
Dentition also seemed effective for identifying cattle with actual ages of 30 months or older, correctly 
classifying over 94% of the cattle in this age category (Table 5). Of concern, from the standpoint of 
SRM control, is the fact that 5.9% of the cattle with actual ages of 30 months or older were 
misclassified as being less than 30 months old. Unfortunately, there were too few cattle in our study 
with actual ages of 30 months or older to permit a reliable estimate of this “false acceptance” rate. 
The estimate of 5.9% represents just 5 cattle from a group of only 84 animals with actual ages of 30 
months or older. Whether or not the “false acceptance” rate would decrease with increased 
sampling in the 30-month or older age category is an important issue that warrants further 
investigation.  
 
Table 6 summarizes USDA skeletal maturity characteristics for carcasses produced by cattle 
ranging in actual age from 15 to 37 months. Skeletal maturity was not consistently related 
to differences in actual age and, therefore, was not effective for use in identifying cattle 30 
months old or older. Of the cattle with actual ages of 30 months or older, 59.7% were 



 

incorrectly classified as being less than 30 months old based on their skeletal maturity scores (Table 
7). 
 
Implications 
 
Though carcass skeletal maturity, as used in the Official U.S. Standards for Grades of Carcass Beef 
(USDA, 1996), has been shown to be effective for classifying beef carcasses into expected-
palatability groups (Hilton et al., 1998), results of the present study suggest that skeletal maturity 
has little value for verifying ages of cattle whose actual ages are unknown. 
 

 
Figure 1. Dentition of animals less than 30 months of age. 
 
 



 

 
Figure 2. Dentition of animals over 30 months of age.  
 

 

 
Figure 3. Eruption status of incisor. 



 

 

 
Figure 4. Examples of dentition scoring procedure. 
 
 
 
 
 
 
 



 

Table 1. Data Collection Sites. 

 
 
 
Table 2. Characteristics of the experimental table, 

 
 
 
 



 

Table 3. Dentition Characteristics of Experimental Sample. 

 
 
Table 4. Dentition Characteristics of Cattle Representing Various Actual Ages 

 
 
 
 
 
 



 

Table 5. Use of Dentition, as Applied by the FSIS Interim Rule for Classifying Cattle as Either Less than 30 
Months or as 30 Months Old or Older 

 
 
Table 6. USDA Skeletal Maturity Classifications for Carcasses Produced by Cattle Representing 

 
 
 
Table 7. Use of USDA Skeletal Maturity for Classifying Cattle as Either Less than 30 Months or as 30 Months 
Old or Older 

 


