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KNOWLEDGE SUMMARY 

 
 

 
 

Clinical Scenario  
Many veterinarians are faced with dairy clients asking their advice for the best bedding medium to install in 
new housing upgrades for their indoor barns. Of course, the advisor has to consider cost, practicality in 
suitable housing design and willingness of the client to pursue the ideal path. However, there are many 
outcomes to consider: “Welfare” (which can have many facets), mastitis, skin lesions, lameness, optimum lying 
times as well as an economic and productivity benefit. Producers also have to consider logistical practicalities 
in slurry handling and quality assurance issues: Some milk processors will not accept Recycled Manure Solids 
(RMS) due to the risk of spore contamination of milk and there may be a risk of thermoduric bacterial growth 
in milk. There are relatively few examples in literature that address these questions and it will be useful to 
review the evidence before advising on specific guidelines. 
 

Summary of the evidence 
 
THI=Temperature Humidity Index;  
BCS=Body Condition Score;  
SCN=Streptococcus catalase negative; 
DIM= Days in Milk;  
SCC=Somatic Cell Count;  
CNS=Coagulase-negative Staphylococcus;  
IMI=Intra-mammary infection;  
Se/Sp=Sensitivity/Specificity;  
PCR=Polymerase chain reaction;  
BTSCC=Bulk tank somatic cell count;  
CFU=Culture Forming Units  
RMS: Recycled Manure Substrate  
DBMS=Deep bedded manure substrate  
SBMS=Shallow bedded manure substrate  
NES=New sand  
RS=Recycled sand 
 
 
 

PICO question 
 
In [Dairy Cow Management] do [Sand OR composted bedding] compared with [rubber matting] result in [fewer 
disease incidence] consequences? 
 
Clinical bottom line 
 
Clean, deep-bedded sand appears to be associated with the best outcomes in clinical mastitis, cow cleanliness, 
subclinical mastitis, cow lying times, hock lesions and cow preference. Recycled sand, composted manure and 
other deep-bedded systems also appear to have increased cow comfort and hygiene indices versus mattress 
systems. Deep-bedded, composted manure systems can also have better outcomes concerning Gram positive 
and negative bacterial growth versus straw and mattress systems as long as they are kept clean and renewed 
frequently. 
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Table 1: Outline summary of bedding type by disease event and behaviour outcomes 
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1. (Gao J. 2017) 

Population: Dairy cows and quarter milk samples 

Sample size: 3190 dairy cows in 161 herds, 3288 quarter milk samples over a 2.5 
year study period 

Intervention details: Sand or organic bedding materials (organic = compost, rice husk or 

saw dust) 

Study design: Case series 

Outcome studied: Clinical mastitis and culture results from each bedding type 

Main findings: 
(relevant to PICO question): 

 Sand bedding was cleaned 3 times per day (during milking) to 
remove all organic materials. In general, fresh new sand was 
added to the bedding once per week, according to the 
bedding thickness 

 Mean herd cumulative incidence of clinical mastitis (CICM) 
was 3.3% per month in the herds and median CICM was 3.0% 
per month (range = 1.7 to 8.1 per herd) 

 E. coli was most frequently isolated (14.4%), followed by 
Klebsiella spp. (13.0%), CNS (11.3%), Strep. dysgalactiae 
(10.5%), Staph. aureus (10.2%), and other streptococci (8.0%). 
Enterobacter spp.,Strep. agalactiae, and Strep. uberis were 
isolated in 5.5, 2.8, and 2.1% of samples, respectively 

 Of 3,288 Clinical Mastitis (CM) samples, 1,750 were collected 
from herds using sand bedding, whereas 1,538 samples were 
from herds using organic bedding materials 

 Mean monthly CICM was 2.9 and 3.7% for herds using sand 
and organic bedding material, respectively. Streptococcus 
dysgalactiae was more frequently isolated in herds using sand 
bedding than those using organic bedding, whereas Klebsiella 
spp. and other streptococci were more prevalent in herds 
using organic bedding. 

Limitations:  Restricted to farms in China 

 Much variation in management possible between farms and 
over time.  

 Mastitis outcome can be influenced by many other factors 
than bedding, so trends can be reported and associations but 
solid conclusions are tentative 

 There are many seasonal and geographical environment 
factors that vary across such a wide region as China that may 
also affect mastitis outcomes 

 Culturing on agar may not always show growth of causative 
organisms 

 No mastitis samples were recorded in February due to the 
Spring festival 

 

2. (Guarín J.F. 2017) USA 
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Population: Dairy cows housed indoors in Wisconsin 

Sample size: 128 primarily primiparous dairy cows, 32 cows in a 4 X 4 design 

Intervention details: 4 types of bedding: New sand (NES), Recycled sand (RS), Deep bedded 

manure solids (DBMS) and shallow bedded manure solids (SBMS) on 

matting 

Study design: Cohort study 

Outcome studied: Udder cleanliness score (1-4) and teat hyperkeratosis score and teat 

culture 

Main findings: 
(relevant to PICO question): 

 The proportion of udders that were classified as clean (score 1 
or 2) was 68%, 82%, 54%, and 95% for cows housed in pens 
containing NES, RS, SBMS, and DBMS, respectively 

 No association was found between HK score and teat skin 
bacterial count. 

 Higher hygiene scores (dirtier teats) were associated with 
higher bacterial counts 

 Bacterial counts of teat skin swabs from front teats of cows in 
pens containing RS and SBMS were significantly less than 
those of rear teats of cows in pens containing DBMS or NES 

Limitations:  Low population numbers 

 Mostly from primiparous cows 

 Manual observations may be subjective 

 

3. (Kayitsinga J. 2017) USA 

Population: Dairy cows 

Sample size: Survey to 1,700 dairy farms in Michigan, Pennsylvania, and Florida in 
January and February 2013 

Intervention details: Questionnaire 

Study design: Case series 

Outcome studied:  Questions related to 7 major areas: sociodemographic and 

farm characteristics, milking proficiency, milking systems, cow 

environment, infected cow monitoring and treatment, farm 

labor, and attitudes toward mastitis and related antimicrobial 

use 

 Amount of antimicrobial drug use for clinical mastitis by 

intramammary or systemic administration 

Main findings: 
(relevant to PICO question): 

 Use of sand or mattresses for bedding, rather than older 
styles of housing, were associated with decreased systemic 
antimicrobial use but also there is an association of less 
systemic use on higher managed farm types 

Limitations:  Survey was only to Grade A certified dairy farms, so may not 
be representative of the whole dairy population 
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 Responses were dependent on farmer opinion and self-
reported frequency of antimicrobial use 

 There was a huge amount of variation in management 
practices across the surveyed population 

 Bedding use was only a very small part of the survey and was 
based on Sand or Mattress (not specific other bedding types) 

 Bedding associations based on multivariate regression 
analysis on low-level evidence foundation (survey and self 
opinion) 

 

4. Black 2016 

Population: Dry dairy cows 

Sample size: 28 cows 

Intervention details: n=14 in each group . Sand (deep bedded) or pasture  

Study design: Cohort study 

Outcome studied: Accelerometer measuring steps and lying times, respiration rates and 

feeding displacement rates (studied for 2hours post feeding, once per 

week), THI from Aug 2013 to Jan 2014. BCS, locomotion and hygiene 

(overall cow cleanliness) all scored at 1-5.  

Main findings: 
(relevant to PICO question): 

 Freestall housed cows lay down for 2 hours longer during far-
off and close-up periods (p < 0.01; DF: 76), but no differences 
occurred during calving and postpartum compared to 
pastured cows 

 No difference in bacteria cultured from either group 

Limitations:  Low cow numbers 

 Overproportion of primiparous cows (>60%) 

 Only studied in Autumn/early winter 

 Feedspace per cow was 60cm in headlocks for indoor and free 
in pasture (lower than recommended 75cm in literature and 
possible for bullying in pasture system, potentially reducing 
feed intake) 

 Comparing sand and pasture, not bedding types in same 
system, so confusing results for general indoor management 
and pasture 

 Manual observations may be subjective 

 

5. Rowbowtham 2016 

Population: Lactating Dairy cows in freestall pens 

Sample size: 128 cows in 4 identical pens in one barn (n=32 cows per group) over 
42 weeks.  

Intervention details: Each pen had either NES (new sand), RS (recycled sand), DBMS (deep 

bedded manure solids), SBMS (shallow bedded manure solids on 

mattresses)  
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Study design: Cohort study 

Outcome studied:  Bacterial culture of bedding 

 Teat swabs from one teat per cow from each cow, once a 

week, pre- and post-preparation for milking 

 Linear regression modelling 

Main findings: 
(relevant to PICO question): 

 The median number of total Gram-negative bacteria in DBMS 
was 13 times as great as the median number in SBMS and 60 
and 216 times as great as the median numbers in RS and NES 

 Not much difference between recycled and new sand in 
numbers of coliforms 

 Numbers of total gram-negative bacteria, coliforms, and 
Klebsiella spp. were significantly greater in the summer than 
in other seasons 

  9.12 times as many streptococci in shallow-bedded manure 
solids as in recycled sand 

 Across all bacteria and bedding types, the mean number of 
bacteria recovered from pre-milking swabs (CFU/swab) were 
approximately 2 to 3 logs less than the corresponding number 
of bacteria in bedding 

 4, 8, and 19 times as many total gram-negative bacteria 
recovered from cows bedded on SBMS, RS, and DBMS versus 
NS.  

 Post-prep swabs revealed less bacteria in all spp. and all 
bedding types 

 coliform bacteria (Escherichia spp., Klebsiella spp., and 
Enterobacter spp.) were only 2 to 7% of total gram-negative 
bacteria in bedding 

Limitations:  Primarily primiparous cows (96 vs 15 multiparous) 

 Other cows entered the pens when cows ended their 
lactations 

 

6. (Rowbotham R.F., Associations of selected bedding types with incidence rates of subclinical and clinical 
mastitis in primiparous Holstein dairy cows 2016) USA 

Population: Dairy cows in lactation 

Sample size: 109 cows for 12 months 

Intervention details: Primarily primiparous cows randomly assigned to pens containing 

freestalls with 1 of 4 bedding materials: (1) deep-bedded new sand 

(NES, n = 27 cows), (2) deep-bedded recycled sand (RS, n = 25 cows), 

(3) deep-bedded manure solids (DBMS, n = 31 cows), and (4) shallow-

bedded manure solids over foam-core mattresses (SBMS, n = 26 cows) 

Study design: Cohort study 

Outcome studied:  Incidence of subclinical mastitis (SM): >200k cells per quarter, 

sampled every 28 days from every quarter 

 Incidence of clinical mastitis (CM): abnormal milk appearance. 

http://dx.doi.org/10.18849/ve.v3i4.148
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All affected cases were cultured on agar 

Main findings: 
(relevant to PICO question): 

• The proportion of SM samples that were culture negative 
was numerically greater in quarters of primiparous cows 
bedded with NES and DBMS as compared with those 
bedded with RS and SBMS 

• Far fewer cases of CM were caused by Gm –ve bacteria 
for primiparous cows housed in pens containing NES than 
in other bedding types 

• Majority of SM cases were cultured negative (71%), 
meaning that there was no association with cultured 
species and bedding type for SM. 

• Almost half of milk samples from CM cases did not result 
in the identification of a pathogen 

• The overall incidence of CM was 0.26 cases/1,000 and was 
not associated with bedding types 

• There was a tendency for longer survival times to first 
case of CM for quarters of cows in pens containing NES as 
compared with quarters of cows bedded with RS (P = 
0.056) or DBMS (P = 0.086) 

Limitations:  Primarily primiparous cows (96 vs 15 multiparous) 

 Other cows entered the pens when cows ended their 
lactations 

 Time in pen for RS and DBMS was significantly longer than NS 
and SBMS groups 

 

7. (Bak A.S. 2016) DEN 

Population: Lame Lactating and Dry Dairy cows 

Sample size: 42 obviously or severely lame cows (3 were dry) 

Intervention details: 19mm thick rubber mattresses in freestalls or 30cm deep bedded 

sand. Each cow spent 24 hours on one type and then 24 hours on the 

other. Then they had access to both surfaces for a further 6 days and 

lameness scored at the end. 

Concrete slatted flooring in aisles 

Study design: Cohort, cross-over study 

Outcome studied: Scales were the experimenters’ own and defined in the methods 

section of the paper: 

• Lameness on 1-5 scale 

• Hoof lesions from trimming and manual ID 

• Lying times and frequency of changing position  

• CCTV and manual observation 

Main findings: 
(relevant to PICO question): 

• For cows kept on deep-bedded sand, the total lying time, 
the number of cows observed to lie in the lateral position, 
and the frequency of lying bouts were higher than when 
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kept on the rubber mats 
• On sand, the lying time ranged from 28 min to 16 h, and 

while on rubber, it ranged from 6 min to 14 h 
• The number of cows performing interruptions of lying 

down did not differ between the 2 surfaces, but while 
kept on sand, the cows lay down and got up faster than 
the rubber mats 

Limitations: • Only 4 months of study and prior to this, cows were on 
loose housing. As lameness lesions take time to manifest 
clinically, this study cannot imply that bedding types 
reduce onset of lameness 

• Cows treated with medication including NSAID were 
excluded 

• Cows with sole haemorrhage and no other lesion were 
excluded 

• Cows that improved to lameness score 1 or 2 were 
excluded from the trial (10 cows in total excluded) 

• Manual observations may be subjective 

 

8. (Solano L. 2016) CAN 

Population: Lactating dairy cows 

Sample size: 5135 cows from 10-120 DIM, 40 cows (sample) each from 141 farms 
across Canada 

Intervention details: Lying behavior modelled using variables: Bedding type, quantity (< or 

> 2cm depth) and cleanliness 

Study design: Case Series 

Outcome studied: • Automated accelerometer readings 

• Lying times 

• Lameness on 1-5 scale 

• Number of hock and knee injuries 

Main findings: 
(relevant to PICO question): 

• Mean herd-level daily lying time ranged from 8.2 to 13.2 
h/d and individual daily lying time for cows ranged from 
1.3 to 22.1 h/d. 

• Daily lying time was associated with the same risk factors 
as the other measures of lying behavior 

• Bout duration was shorter for cows with injured hocks 
• At the herd level, cows housed in stalls with sand had an 

increased average daily lying time of 1.44 h/d compared 
with cows housed in stalls with wood shavings 

Limitations: • Logistic regression and multivariate modelling on many 
farm and management factors 

• Farms had to have >=7000L/lactation average so may not 
be representative of all farms in country 

• Lameness by manual assessment 
• Manual observations may be subjective 

http://dx.doi.org/10.18849/ve.v3i4.148
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9. (Cole K.J. 2016) USA 

Population: Lactating dairy cows 

Sample size: 18 mid-late lactation, multiparous dairy cows 

Intervention details: Fresh manure bedding vs Recycled, composted manure bedding over 

6 weeks, 3 weeks on each type of bedding in a cross-over study 

Study design: Case Series 

Outcome studied: • Bacterial counts of mastitis pathogens present in bedding 

Main findings: 
(relevant to PICO question): 

• Gram-negative bacteria, coliform, and streptococcal 
counts in RMS windrows were reduced after 4 wk 
composting compared with counts in windrows before 
composting.  

• Klebsiella counts and DM did not differ 
• Composting recycled manure solids (RMS) offered 

minimal advantages over fresh RMS in reducing bacterial 
counts of common mastitis pathogens in bedding for dairy 
cows in freestalls 

Limitations: • Low cow numbers 
• Multiparous cows only 
• Mid-late lactation cows (most studies report more 

lameness in early to mid lactation) 

 

10. (Jensen M.B. 2015) DEN 

Population: Lame Lactating and dry dairy cows 

Sample size: 42 obviously or severely lame cows (3 were dry) 

Intervention details: 19mm thick rubber mattresses in freestalls or 30cm deep bedded 

sand. Each cow spent 24 hours on one type and then 24 hours on the 

other. Then they had access to both surfaces for a further 6 days and 

lameness scored at the end. 

Concrete slatted flooring in aisles 

Study design: Cohort, cross-over study 

Outcome studied: • Scales were Lameness on 1-5 scale (according to Thomsen 

P.T., Munksgaard L., Togersen F.A., (2008), Evaluation of a 

lameness scoring system for dairy cows, Journal of Dairy 

Science, 91, 116-126) 

• Hoof lesions from trimming and manual ID 

• Lying times and frequency of changing position  

• CCTV and manual observation 

Main findings: 
(relevant to PICO question): 

• The cows spent more time on the deep-bedded sand than 
on the rubber surface.  

http://dx.doi.org/10.18849/ve.v3i4.148
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• On sand, cows spent the majority of the time lying, 
whereas on the rubber surface, they spent most of the 
time upright 

Limitations: • Only 4 months of study and prior to this, cows were 
on loose housing. As lameness lesions take time to 
manifest clinically, this study cannot imply that 
bedding types reduce onset of lameness 

• Cows treated with medication including NSAID were 
excluded 

• Cows with sole haemorrhage and no other lesion 
were excluded 

• Cows that improved to lameness score 1 or 2 were 
excluded from the trial (10 cows in total excluded) 

• Manual observations may be subjective 

 

11. (Black R.A. 2014) USA 

Population: Compost bedded pack barns 

Sample size: 42 barns with compost bedded pack systems (CBP) 

Intervention details: Correlation models with bacterial count as standard and outcomes as 

variables 

Bacterial samples taken from 9 sites in each barn, cultured on agar 

Study design: Case Series 

Outcome studied: Temperature, moisture, carbon-to-nitrogen (C:N) ratio, space per cow, 

and bacterial counts from bedding material collected from compost 

bedded pack (CBP) barns 

Main findings: 
(relevant to PICO question): 

• Of the total bacteria sampled coliform, streptococci, 
staphylococci, and Bacillus spp. comprised 1.86%, 20.61%, 
52.28%, and 25.25% of all bacteria, respectively 

• Coliforms and staphylococci measured a strong 
correlation with composite temperature (increasing with 
increasing temp.) and negatively with moisture 

• Managing the CBP system for moisture, temperature, C:N 
ratio, and space per cow may help to reduce some 
bacterial species counts, but the bacterial load in the 
bedding will likely remain high. 

Limitations: • Many different stocking densities and management 
conditions between barns, especially concerning hygiene 

• 32 barns were for lactating cows and 13 for hospital pens, 
so comparing healthy with sick cows may bring 
confounding variables 

 

12. (Ito K. 2014) CAN 

Population: Lactating, high producing dairy cows 
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Sample size: Total sample size 3160. 40 cows on each of 40 farms in the 
northeastern United States (NE) and 39 farms in California (CA) 

Intervention details: Lying time and frequency of bouts were correlated to management 

and bedding factors 

Study design: Cross Sectional Study 

Outcome studied: Lying times and lameness scores (1-5) correlated to: 

management measures, including stall design, bedding, and flooring 

type within the pen 

Main findings: 
(relevant to PICO question): 

• Daily lying time decreased with increasing barn age and 
increased with the use of deep and sand bedding 

• Daily lying time decreased as stall stocking density 
increased, Daily lying time increased in the presence of 
rubber flooring in part of the pen, pen space per cow, and 
the percentage of stalls with fecal contamination, 

• Frequency of lying bouts decreased and average bout 
duration increased with the use of deep and sand bedding 

Limitations: • All farms in the study were from a quality-assurance 
management program, of which 40 cows were chosen 
from each farm. As these were already on an assurance 
scheme, they may not be representative of USA 
population of dairy farms/cows. 

• Surveys  
• Retrospective study 
• Manual observation of lameness 
• USA data, not Canadian 
• Data collected in selected months (Mar-May and Jul-Oct 

2010) 
• Manual observations may be subjective 

 

13. (Adhikari N. 2013) USA 

Population: In vitro study: Inoculations of Prototheca gt1 (mastitis causing) and 
gt2 (non-mastitis causing) in broth control or bedding material 

Sample size: Four bedding types were tested: kiln-dried spruce shavings, “green” 
(not kiln dried) hemlock sawdust, processed manure-pack, and sand 
as well as broth control. 
3 samples taken per type.  

Intervention details: Growth of Prototheca  

Study design: In vitro study 

Outcome studied: Quantitative bacterial growth 

Main findings: 
(relevant to PICO question): 

 Bedding type had a significant effect on Prototheca growth in 
vitro, and this effect was associated with increased growth in 
manure, sawdust, and sand beddings.  

http://dx.doi.org/10.18849/ve.v3i4.148
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 Kiln-dried spruce shavings may inhibit Prototheca growth 

Limitations:  In vitro only 

 Bedding samples taken from manufacturing sites and not 
dairies 

 Low sample numbers meant large error bars in results 

 

14. (Dufour S. 2012) CAN 

Population: Lactating dairy cows 

Sample size:  91 farms from 4 regions of Canada. 15 cows from each farm. 3 
milk samples were collected from each quarter of the selected 
cows at intervals of 3 wk for 2 years. Total of 59,167 quarter 
samples collected 

 Farm observations 

 Questionnaire on farm management 

Intervention details: SCC and culture results vs farm management practices 

Study design: Farmer Survey 

Outcome studied: SCC, culture, questionnaire and observation results on management 

practices of farm 

Main findings: 
(relevant to PICO question): 

 CNS IMI incidence of 0.29 new IMI/quarter-month but this 
was 0.36 when misclassification (due to Se/Sp of culture and 
other factors) was considered 

 Use of sand or wood-based product bedding was associated 
with lower odds of acquiring a CNS IMI compared with straw 
bedding 

Limitations:  Milk samples growing >3 types of bacteria were considered 
contaminated and excluded, meaning > 7,000 samples were 
excluded 

 Mastitis incidence is highly related to management practices 
and these varied between each farm, so multiple confounding 
factors were not taken into account 

 

15. (Lobeck K.M. 2011) USA 

Population: Lactating dairy cows 

Sample size: 18 farms, 6 of each housing type, Jan-Nov 2008. 11,400 cows were 
scored each season across all farms 

Intervention details: Cross negative ventilated freestall barns – all deep sand (CV) and 

compost-bedded-pack barns – 5 wood sawdust, 1 wheat straw (CB), 

compared with conventional, naturally ventilated freestall barns (NV) 

Study design: Case Series 

http://dx.doi.org/10.18849/ve.v3i4.148
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Outcome studied: Scales were the experimenters’ own and defined in the methods of 

the paper. Locomotion (1-5 scale), hock lesions (1-3 scale), body 

condition score (1-5 scale), hygiene, respiration rates, mortality, and 

mastitis prevalence, culling and mortality rates 

Main findings: 
(relevant to PICO question): 

 No difference in lameness incidence or severity by each barn 
type 

 Compost-bedded barns had lower prevalence of Hock lesions 
(3.8%) than CV and NV barns (31.2% and 23.9%, respectively) 

 No significant differences between barn systems for mastitis, 
culling or mortality 

Limitations:  Small region of USA 

 Manual observations are subjective in nature 

 4 visits in 9 months per farm 

 Respiration rates only measured in summer 

 Much variation in farm management types and sizes 

 

16. (van Gastelen S. 2011) NED 

Population: Lactating dairy cows 

Sample size: 2927 cows on 24 farms with freestall systems in Netherlands. 9 farms 
used box compost, 6 used sand, 6 used foam mattresses and 3 farms 
used horse manure as bedding material. Feb-May 2010 

Intervention details: box compost, sand, horse manure, and foam mattresses 

Study design: Case Series 

Outcome studied: The way cows entered the stalls, the duration and smoothness of the 

descent movement, and the duration of the lying bout.  

The cleanliness of the cows was evaluated on 3 different body parts: 

(1) udder, (2) flank, and (3) lower rear legs (1-4 scale), according to the 

Dutch Udder Health Centre 

Hock Lesions (1-4 scale) according to Rutherford K.M.D., Langford 

F.M., Jack M.C., Sherwood L., Lawrence A.B., Haskell M.J., (2008), 

Hock injury prevalence and associated risk factors on organic and 

nonorganic dairy farms in the UK, Journal of Dairy Science, 91, 2265-

2274 

Bacteriological counts of the bedding materials  

Bacterial count in milk 

Main findings: 
(relevant to PICO question): 

 The percentage of cows having damaged hocks was lower on 
farms using box compost compared with farms using sand and 
foam mattresses 

 No differences were found between the different types of 
bedding materials in all the cleanliness variables 

 The lying bout tended to be longer when using horse manure 
vs foam mattresses. The first lying bout tended to be longer 
on sand vs mattresses or box compost 

 Less colony-forming units on sand vs box compost 
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 Manual observations are subjective in nature 

Limitations:  Only assessed in one season (Spring) 

 Each farm visited once for 1 day 

 

17. (Westphal A. 2011) USA 

Population: In vitro study 

Sample size: Cultures from samples of sand bedding from 1, 2500 cow dairy farm in 
Ohio 

Intervention details: Growth and typing of E. coli O157:H7 found in sand bedding from: 

New sand, in-use sand, washed sand, recycled sand 

Study design: In vitro study 

Outcome studied: Growth and types of E. coli O157:H7 

Main findings: 
(relevant to PICO question): 

 Median numbers of CFU in all types of bedding declined with 
time, suggesting that suppressive constituents of sand are not 
inhibited by processing during recycling 

 Heating to 80degC reduced counts of E. coli vs in-use and 
fresh sand 

 Ambient temperature affected non-heat treated sand 
contamination 

 The heating process allows heat-sensitive microorganisms to 
suppress the E. coli 

Limitations:  Only from one farm 

 Sand only and no comparisons with other types of bedding 

 Only cultured and studied E. coli O157:H7 

 

18. (Dufour S. 2011)CAN 

Population: Articles relevant to SCC related to herd health management 

Sample size: 36 manuscripts included in this study: 
the majority used a cross-sectional study design (n = 28) or a 
combination of cross-sectional and before-and-after designs (n = 6). 
One study used strictly a before-and-after study design  and only one 
study used a longitudinal cohort design  

Intervention details:  Five databases (PubMed, Medline, CAB, Agricola, and Web of 

Science) were searched on April 22, 2009 

 Forest plots 

 Review 

Study design: Systematic Review 

Outcome studied: 1. Intervention studied was a management practice applied or 

observed at the herd level and used as an udder health 
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control strategy; 

2. SCC was measured using cell counting methods rather than 

California Mastitis Test (CMT) or Rapid Mastitis Test  

3. Mean 305-d milk production of the herds studied was ≥7,000 

kg; and 

4. Mean herd size of the herds studied was ≥40 milking cows 

Main findings: 
(relevant to PICO question): 

 Freestalls had lower SCCs than pasture and bedded pack 

 Sand > mattresses > decreased bedding moisture on their 
impact on decreasing SCC 

 Manure packed systems had lower SCC than other types (from 
one paper) 

Limitations:  Focused on many other management practices and impact on 
SCC rather than focusing on bedding type 

 Over time, technologies have allowed dairies to have better 
automated systems and recycling of bedding etc. so when 
reviewing articles, this has been a challenge to choose what 
has more weighting. 

 

19. (Gomez A. 2010) USA 

Population: Lactating Dairy Cows 

Sample size: 205 cows in 16 freestall barns in Wisconsin 

Intervention details: Rubber mattress or sand cubicles 

Study design: Case Series 

Outcome studied: Continuous video surveillance collected the following data:  

Time lying in the stall, time standing in the stall, time standing in the 

alleys (including drinking), time feeding, and time milking (time out of 

the pen for milking and transit) during a 24-h period were measured 

for each cow 

relationships of components of the time budget with herd-level and 

cow-level fixed effects 

Main findings: 
(relevant to PICO question): 

 Lameness affected time feeding, with the greatest feeding 
times observed in non-lame cows 

 As lameness severity increased, time standing in the alley 
decreased 

 Time standing in the stalls was greater in the mattress herds 
than sand herds 

 Cows in MAT herds spent significantly less time lying, with 
shorter lying bouts than did cows in SAND herds 

Limitations:  Not randomised,  

 Small sample size 

 Not including summer (hot) data 

 Manual observations are subjective in nature 
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20. (Lombard J.E. 2010) USA 

Population: Lactating dairy cows on a national management program 

Sample size: 491 farms, 297 were Holstein herds with cows housed in freestalls 
average of 96 cows per farm and a total of 25,358 cows 

Intervention details: Bedding type, bedding quantity, stall length and width, presence of a 

neck rail or brisket locator, and relevant distances from the rear and 

bed of the stall 

From Mar 5 to Sept 5, 2007 

Study design: Case Series 

Outcome studied: Hygiene and hock scores (1-3 scale) (up to 100 cows/herd), number of 

cows housed in the pen, the number of cows standing with only the 

front feet in a stall, standing fully in a stall, and lying in a stall 

Main findings: 
(relevant to PICO question): 

 Rubber mats or mattresses as the stall base had a higher 
percentage of cows with severe hock lesions vs dirt base 

 Compared with farms with dirt base stalls, farms with rubber 
mats and mattresses had more cows standing fully in the stall 

 50% of cows were lying down on farms using sand bedding 
compared with 40% on farms using straw, sawdust, or dry or 
composted manure 

Limitations:  Only herds on a national management program were 
selected, creating potential bias in the results 

 Questionnaire allows for subjective assessment 

 >140 manual assessors, so high risk of subjective observations 
and opinions 

 

21. (Justice-Allen A. 2010) USA 

Population: Barns 

Sample size: 9 farms in Utah.  

Intervention details: Samples of bedding taken from back third of 6-10 stall per pen and 6 

areas of hospital pens 

Sand from one dairy heat and chemical treated to see whether or not 

Mycoplasma spp. survived. 

Study design: Case series 

Outcome studied: Growth and identification (culture and PCR) of Mycoplasma spp. 

Main findings: 
(relevant to PICO question): 

 Mycoplasma was identified from bedding sand, dirt and 
recycled sand in 3 of the 9 farms and most samples from 
those farms 

 Mycoplasma appeared to survive in deep bedding samples for 
up to 8 months, peaking in cycles relating negatively to 
temperature and positively to moisture (deep samples were 
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always moist) 

 Treatment with higher concentrations of disinfectants, 2% 
chlorhexidine and 0.5% sodium hypochlorite, eliminated 100% 
of Mycoplasma from contaminated bedding sand 

Limitations:  Only one pathogen studied 

 Farms mostly used sand with only a few on straw 

 Different pen systems investigated (stalls, pack and dry lots) 
 

 

22. (Norring M., 2010) FIN 

Population: Lactating dairy cows 

Sample size: 18 multiparous Friesian cows on one farm 

Intervention details: 3 types of bedding material: 

concrete, sand (particle diameter 0.1 to 0.6 mm), and soft rubber 

mats 

Each group of cows was allowed to choose between 2 of the 3 

different types of materials, rotating around all material types. They 

were allowed 10 days for preference testing after a 5 day 

enforcement period so they were used to all materials. 

Study design: Cohort study 

Outcome studied: Lying time as seen by observers from video footage 

Main findings: 
(relevant to PICO question): 

 Cows were observed lying down more often on rubber mats 
than in concrete stalls 

 No overall preferences observed between rubber mats and 
sand stalls or between sand and concrete-based stalls 

Limitations: Low population number 
 

 

23. (Cook N.B. 2008) USA 

Population: Lactating dairy cows 

Sample size: 59 cows from 4 farms. Non-lame, slightly lame or moderately lame 
cows (5 cows per category) 

Intervention details: Either rubber-crumb-filled mattress stall surfaces bedded with a small 

amount of sawdust (2 herds) or a Pack Mat design, which consisted of 

a rubber-crumb-filled mattress pad installed 5 cm below a raised rear 

kerb, bedded with 5 to 8 cm of sand bedding. 

Study design: Cohort study 

Outcome studied: Time-lapse video footage 

Lying times and number of lying bouts 

http://dx.doi.org/10.18849/ve.v3i4.148


 
 
Veterinary Evidence 
ISSN:2396-9776 
Vol 3, Issue 4 
DOI: http://dx.doi.org/10.18849/ve.v3i4.148 
next review date: 31st Oct 2020 

p a g e  |  19 of 46 
 

 

 

Time budgets for other activities 

Main findings: 
(relevant to PICO question): 

 cows on mattress stalls had significantly lower lying bout 
durations than cows on pack mat stalls 

 Stall standing time increased with increased lameness on all 
bed types 

 Stall standing for non-lame cows was longer in mattress stalls 
than pack mat (sand) 

Limitations:  Small sample size for 3 groups of cows 

 4 farms mean management differences may affect results 

 Hard for observers to define slightly and moderately lame 
cows as separate groups 

 

24. (Norring M., 2008) FIN 

Population: Lactating and dry dairy cows 

Sample size: 52 cows, proportions of parities adjusted per group 

Intervention details: Kept on either straw bedded concrete stalls or sand stalls 

Study design: Cohort study 

Outcome studied: Resting time by video footage, cleanliness, hock injuries, and hoof 

health 

Main findings: 
(relevant to PICO question): 

 Lying times and frequency of lying bouts on sand were longer 
and more frequent than straw 

 There were no differences in the dirtiness of stalls between 
the materials 

 Cows housed on straw were dirtier than those on sand 

 The severity of hock lesions was lower for cows on sand than 
for cows on straw though not the incidence (no difference) 

 Overall hoof health was greater for cows on sand 

Limitations:  Small sample size 

 Leg and hoof injuries inspected only at beginning and end of 
experiment (1-2 years in between) 

 

25. (Godden S. 2008) USA 

Population: Culture samples of bedding from lactating dairy cow barns 

Sample size: 71 samples from 49 farms 

Intervention details: Clean sand (CS), recycled sand (RS), Digested manure solids (DMS), 

Shavings (SH) were sterilized and inoculated with Klebsiella 

pneumoniae and Enterococcus faecium, and incubated at 37degC for 

24, 48 and 72 hours 

Study design: Cohort study 
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Outcome studied: Bacterial growth 

Nutrients within bedding types 

Main findings: 
(relevant to PICO question): 

 For K. pneumoniae, peak growth occurred within 24 hours in 
all types of bedding and was stationary afterwards 

 For growth of K. pneumoniae, the order was as follows: CS < 
SH < RS < DS 

 For Enterococcus, growth appeared to decrease over the 72 
hours in all types, decreasing greatest in shavings 

 Growth of E. faecium was greater in RS and DS than growth 
for CS or SH 

 pH in bedding types: ranging from lowest to highest as SH 
(4.27) < CS (8.15) < RS (8.37) < DS (8.90) 

 High Carbon or pH may be associated with better conditions 
for bacterial growth 

Limitations:  Only two species of bacteria studied 

 

26. (Wenz J.R. 2007) USA 

Population: Dairy farms across all USA 

Sample size: Of 3876 questionnaires sent out, 3466 were completed, with 1013 
completing a further questionnaire and 741 able to collect milk 
samples and provide bulk tank SCC 

Intervention details: Questionnaire on farm management and BTSCC  

Study design: Case Series 

Outcome studied: Bulk tank SCC (BTSCC) at <200k cells/ml, 200-400k, > 400k 

Main findings: 
(relevant to PICO question): 

 Twenty-six percent and 17.8% of operations reported a BTSCC 
<200,000 cells/mL and >400,000 cells/mL, respectively 

 Farms with >500 cows and higher milk production than 
9000kg/cow 305d lactation had lower BTSCC values 

 Mattress, sand and newspaper bedding were associated with 
lower BTSCC. Composted manure was associated with higher 
BTSCC 

Limitations:  Herds in national monitoring scheme so may have included 
bias to better managed herds 

 Questionnaire method increases risk of subjective assessment 

 

27. (Kristula M.A. 2005) USA 

Population: Bedding samples from dairy farms in USA 

Sample size: 6 farm samples used for CS and 6 for RS in Winter 
4 samples for RS and 7 for CS in Summer 
Samples taken for 6-8 days, twice 

Intervention details: Samples taken from Clean Sand (CS) or Recycled Sand (RS) 
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Study design: Cohort study 

Outcome studied: The number of colony-forming units per gram of bedding of gram-

negative bacteria, coliforms, Streptococcus spp., and Klebsiella spp. 

were estimated for each sand sample 

Dry matter and organic matter were also assessed 

Main findings: 
(relevant to PICO question): 

 RS and CS had the same bacterial counts when compared at 
any sampling time (winter or summer) 

 CS had higher DM than RS in winter and summer 

 RS had higher organic matter than CS in winter and summer 

Limitations:  Paper not clear whether the same farms were chosen to 
compare winter and summer samples (suspected that they 
were not as different numbers of farms were used) 

 Huge variations in types of bacteria by farm indicate large 
variations by facility 

 

28. (Cook N.B., 2005) USA 

Population: Lactating dairy cows 

Sample size: 12 herds of 150-450 cows were observed but 6 herds using mattresses 
and 6 herds using sand were chosen for lameness and lying time 
observations. 602 cows in total were observed with 304 on mattresses 
and 298 on sand. 

Intervention details: Sand or rubber crumb filled mattresses 

Study design: Cohort study 

Outcome studied: Number of cows that were lying down in a stall, standing in a stall with 

all 4 feet, standing in a stall with the rear 2 feet in the alley (perching), 

and standing in the alley drinking and feeding were recorded 

Main findings: 
(relevant to PICO question): 

 Lameness prevalence in MAT herds was more than 3 times 
that observed in SAND herds 

 No significant difference was found between cow comfort 
indices and lying times in different systems 

Limitations:  Herds representative of local area but not of USA 

 Variations in stocking density were identified across the 
sample population 

 Variations in lameness across herds may have affected lying 
times 

 

29. (Drissler M. 2005) CAN 

Population: Lactating dairy cows 

Sample size: 24 cows in 2 groups of 12, each with 12 freestalls 

Intervention details: Sand depth of cubicles in time 
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Study design: Cohort study 

Outcome studied: Lying time, number and length of lying bouts and sand depth 

Main findings: 
(relevant to PICO question): 

 Over time, the stall surface took on a concave shape, and 
bedding depth was lowest at the center of the stall and 
highest at the edges. The loss of bedding was greatest after 
new bedding was added, and sand levels continued to decline 
during the entire 10-d period 

 For every 1-cm decrease in bedding, cows spent 
approximately 11 min less lying during each 24-h period 

 Duration of lying bouts was shorter when the stalls contained 
less sand 

Limitations:  Small sample size 

 Different observers may show inconsistencies in results 

 

30. (Zdanowicz M. 2004) CAN 

Population: Lactating dairy cows 

Sample size: 16 lactating Holstein cows  

Intervention details: Housed on either sand or sawdust-bedded free stalls using a crossover 

design with 3 weeks per bedding type  

Study design: Cohort study 

Outcome studied: Bacterial count and culture on teat ends and bedding 

Main findings: 
(relevant to PICO question): 

 There were 2 times more coliforms and 6 times more K. 
pneumoniae bacteria on teat ends of cows housed on sawdust 
compared with those housed on sand 

 There were 10 times more Streptococcus spp. bacteria on teat 
ends of cows when housed on sand compared with sawdust 

 Udder cleanliness was no different on either bedding type 

 There was no clear relationship between teat end counts and 
bedding counts 

Limitations:  Small sample size 

 

31. (Jayarao B.M. 2004) USA 

Population: Lactating dairy cows 

Sample size: 126 dairy herds surveyed in Pennsylvania State 

Intervention details: Questionnaire on farm management practices 

Study design: Case Series 
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Outcome studied: Bulk tank SCC (BTSCC) and bacterial culture modelled against 

questionnaire answers 

Main findings: 
(relevant to PICO question): 

 Fifty percent of the BTSCC samples had a BTSCC <348,000 
cells/mL 

 BTSCC samples > 200,000cells/ml were 5 times more likely to 
have a high CNS (coagulase negative staphylococcus) count 

 Sand as bedding had significantly lower BTSCC in their BTSCC 
compared with organic bedding such as shavings, newspaper, 
and straw 

Limitations:  Farms restricted to NMC milk testing program (therefore may 
be biased to better management systems) 

 Producers that used sand (quite innovative in 2004) may have 
had better management practices than older-style bedding, 
indicating that sand itself may not be better than other 
bedding materials 

 

32. (Cook N.B., 2004) USA 

Population: Lactating Dairy Cows 

Sample size: 12 herds of between 150-450 cows each, producing > 9545kg/cow 
average 

Intervention details: Deep sand bedding or rubber mattress with organic bedding material 

covering 

Study design: Cohort study 

Outcome studied: Lying times, time per lying bout, Lameness (1-4 scale),  

Video footage 

Main findings: 
(relevant to PICO question): 

 There was no significant difference in time lying down in stall 

 Time standing in stall was significantly lower in Sand cubicles 

 Cows in sand herds had a significantly greater proportion of 
long lying bouts than did cows in mattresses 

 Lame cows stand for longer in stalls than healthy 

Limitations:  Selected herds with high production and potentially better 
management than overall population 

 Manual observations may be subjective 

 

33. (Wagner-Storch A.M. 2003) USA 

Population: Lactating dairy cows 

Sample size: 104 cows housed in one barn at 100% stocking density. 961 
observations of stall usage over a period of 9 months in 2001 

Intervention details: Rubber mattresses, waterbed, concrete + sawdust, sand, around 25 of 

each type in mixed positions in barn 

Study design: Cohort study 
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Outcome studied: Video footage 

Time budgets 

Main findings: 
(relevant to PICO question): 

 Preference was Sand > Mattress > Waterbed > Concrete 

 Cows spent more time lying in Sand but more time occupying 
rubber mattresses (standing in them) 

Limitations:  Cows had no prior time to get “used” to the bedding types 

 At 100% stocking, some cows had no choice on cubicles and 
lower social hierarchy cows may have been forced to lie on 
worse bedding 

 Some cows may have visited multiple types of bedding so 
modelling lameness of lesions would have been affected 

 A robot milked herd, so position of bed in relation to robot 
may have confused the data 

 Manual observations may be subjective 

 

34. (Hogan J.S. 1989) USA 

Population: Lactating dairy cows 

Sample size: 9 farms of 60-200 cows per farm for 1 year 

Intervention details: Mattresses with sawdust, straw or sand/crushed limestone cubicles 

Study design: Cohort study 

Outcome studied: Bacterial counts from bedding materials 

Main findings: 
(relevant to PICO question): 

 Bacterial counts in organic materials (sawdust, straw) were 
higher than inorganic (sand) materials 

 Klebsiella counts were higher in sawdust vs straw 

 Streptococcal counts were higher on straw than sawdust 

 Gram –ve counts were higher in Summer 

Limitations:  Herds were selected with lower incidence of Staph. aureus 
and Strep. agalactiaea 

 Mixed breeds: 8/9 farms had Holsteins, one had Jerseys. 
There may be breed preferences due to cow size vs stall size. 

 

35. (Carroll E.J. 1978) USA 

Population: Lactating dairy cows 

Sample size: Approximately 800 cows on one farm in California 

Intervention details: Fresh or used recycled manure bedding 

Study design: Case series 

Outcome studied: Bacterial counts from bedding 

Klebsiella and Enterobacter, Citrobacter and coliform spp. cultured 
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Main findings: 
(relevant to PICO question): 

 Composting manure (when fresh) effectively reduces the 
coliform counts to near zero 

 When the manure becomes moist and warm, these counts 
can return to levels found on contaminated bedding. 

Limitations:  Samples only from one farm and unknown over which period 

 Only Klebsiella and Enterobacter spp. measured 

 

36. (Fulwider W.K. 2007) USA 

Population: Lactating dairy cows 

Sample size: 90,162 From 113 farms in USA 

Intervention details: The bedding materials most commonly used by waterbed and 

mattress dairies included sawdust, rice hulls, chopped straw, or lime. 

Five free-stall dairies reused (recycled) sand, whereas all others 

bedded with new sand 

Study design: Cohort study 

Outcome studied: Hock and leg skin lesions 

Cow hygiene (1-5 scoring system) from Reneau J.K., Seykora A.J., 

Heins B.J., Endres M.I., Farnsworth, R.J., Bey R.F., (2005) Association 

between hygiene scores and somatic cell scores in dairy cattle, Journal 

of American Veterinary Medical Association, 227, 1297-1301 

Main findings: 
(relevant to PICO question): 

 Cows on mattress systems and waterbeds had higher skin 
lesion scores than sand bedding 

 Cows on mattress and waterbed systems had lower hygiene 
scores than sand bedded systems 

Limitations:  No dairies used recycled manure or digester solids 

 Average herd size was high (>800 cows) and milk production 
high, so management practices may have been biased 
towards better, more efficient systems 

 Subjective, observer based scoring systems 

 

37. (De Palo P. 2006) ITA 

Population: Lactating dairy cows 

Sample size: 44 cows in total: 8 cows (preference test). 36 cows (4 groups of 8) for 
aversion test 

Intervention details: Polyethylene (EVA) or polypropylene (PVA) mats with wood shavings 

or manure solids 

Study design: Cohort study 

Outcome studied: 1. bed occupation time of the free stalls per day; 

2.  average duration of each lying event per day; 

3. duration of periods spent standing in the free stall, with 2 or 4 feet 
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per day (respectively); 

4.  number of interrupted attempts at lying down per hour ; 

5. mean duration of a single lying bout in minutes; and 

6. time spent ruminating in the free stall, during the lying down time 

per day. 

Cow hygiene 

Milk bacterial count 

Main findings: 
(relevant to PICO question): 

 Cows appeared to occupy the EVA mats more than other 
types 

 Lying times decreased with increasing temperature-humidity 
index (THI) in EVA mats 

 Cow comfort index showed greatest consistency over all THI 
recordings with wood shavings 

 Cows tended to stand more, rather than lie, in mattresses, 
especially the PVA type 

Limitations:  Very small sample number 

 May be some bias from company selling EVA mattresses as 
results tend to differ significantly from other literature reports 
(lying times on sand and manure vs. mattresses) 

 

38. (Calamari L. 2009) ITA 

Population: Lactating dairy cows 

Sample size: 56 cows 

Intervention details: straw bedded pack (ST), rubber mat (RM), 

mattress (MA) and sand (SA) 

Study design: Cohort study 

Outcome studied: Lying times and frequency/length of lying bouts 

Milk yield and milk bacterial count 

Main findings: 
(relevant to PICO question): 

 More time was spent lying on sand and straw yard than 
mattresses 

 Time of lying bout was no different between bedding types 

 Mattress stalls were used for standing and sand for lying 

 Greater milk yield in sand vs mattress bedding 

 Manual observations may be subjective 

Limitations:  Small sample population 

 

39. (Eckelkamp E.A. 2016) USA 

Population: Lactating dairy cows 

Sample size: 50 cows per farm for scoring and SCC for whole herd. 15 farms, 8 
compost pack and 7 sand 

Intervention details: Compost bedded pack (yards) and sand cubicle barns 
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Study design: Cohort study 

Outcome studied: Herd clinical mastitis, SCC, high SCC prevalence (% of herd 

>200,000 cells/mL SCC), and BTSCC), locomotion, hygiene, and hock 

scores 

Main findings: 
(relevant to PICO question): 

 No differences between 8 compost and 7 sand bedded farms, 
based on clinical mastitis, SCC, herd locomotion, hygiene 
score, or hock health 

Limitations:  Only 50 cows per farm scored 

 Observer, subjective scoring  

 

40. (Rudd L.E. 2010) NOR 

Population: Lactating dairy cows 

Sample size: 1923 farms, 29,326 lactations for milk yield distributed over 363 free-
stalled herds in Norway.  The study uses a 305 day lactation as the 
focus: yield volume and bedding type as variables, so cow number is 
not relevant to this data mining exercise: One cow may live for 3 
lactations and each is considered a single investigative point against 
the variables. 

Intervention details: Questionnaire filled in by producer on management and stall 

covering: 

1 = concrete, softness of 0 mm;  

2 = rubber, softness of 1 to 8 mm;  

3 = soft mats, softness of 9 to 16 mm;  

4 = multilayer mats, softness of 17 to 24 mm;  

5 = mattresses, softness over 24 mm 

Study design: Case Series 

Outcome studied: Milk yield by flooring type 

Main findings: 
(relevant to PICO question): 

 Herds on concrete free-stall bases yielded 6,727 ± 146 kg of 
milk from 5 to 305 days in milk. In comparison, herds showed 
a decrease of 0.3% on rubber, an increase of 2.4% on soft 
mats, an increase of 4.5% on multilayer mats, and an increase 
of 3.9% on mattresses 

 Compared with concrete, the hazard ratio of teat lesions was 
less on rubber, soft mats, multilayer mats, and mattresses 

Limitations:  Farmer-lead, subjective questionnaire 

 Milk yields modelled using Woods equation rather than actual 
data 

 Farms with lower yields may have genetic and breed 
differences, affecting both production and locomotion 

 

41. (Adams A.E. 2017) USA 
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Population: Lactating dairy cows 

Sample size: 191 dairies, 22,622 cows in 17 States of USA 

Intervention details: Farm visits by trained personnel to assess lameness and hock lesions 

and BCS 

Study design: Case series 

Outcome studied: BCS, Locomotion and Hock Scores (1-3 scale) 

Main findings: 
(relevant to PICO question): 

 90.4% cows were sound (locomotion score=1), 6.9% were 
mild/moderately lame (locomotion score=2), and 2.7% were 
severely lame (locomotion score=3). 

 87.3%) had no hock lesions (hock score=1), 10.1% had mild 
lesions (hock score=2), and 2.6% had severe hock lesions 
(hock score=3) 

 4.2% were BCS <=2.25 on a 1-5 scale 

 Lower locomotion scores (2 or lower) were associated with 
larger operations, pasture and sand stalls vs straw, compost 
or matting 

 Lower hock scores were associated with dry lot systems 
 

Limitations:  Multiple assessors using subjective scoring systems but 
trained to single scoring system 

 

42. (Jones B.W. 2017) USA 

Population: Lactating dairy cows 

Sample size: 97 cows in a freestall barn 

Intervention details: 46 cows in Dual Chamber Waterbeds and 51 cows on rubber 

mattresses 

Study design: Cohort study 

Outcome studied: Milk yield, Lying time, Rumination time, Hock scores  

Main findings: 
(relevant to PICO question): 

 Greater Lying times and lower hock scores were associated 
with waterbed mattresses 

 Rumination time was greater on rubber mattresses 

 Milk yield was not significantly different between the two 
systems 

Limitations:  Small cow numbers 

 Unable to determine whether or not conflicting interests are 
present 

 

43. (Upadhyay D. 2017) IND 
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Population: Lactating, Indian cross-bred dairy cows 

Sample size: 24 cows in 4 groups of 6 

Intervention details: 1. Concrete floor (covered feeding area) and brick paved (open) 

2. Concrete (covered feeding area) and sand bed (open) 

3. Rubber mat (covered feeding area) and sand bed (open) 

4. Rubber mat (covered feeding area) and brick paved (open) 

Study design: Cohort study 

Outcome studied: Lameness (1-5 scale)  

Walking speed 

Main findings: 
(relevant to PICO question): 

 Walking speed was greater in sand bedded groups 

 Lameness score was greater in brick paved groups, with 
greater severity also 

Limitations:  Very small group numbers 

 Conclusions made from underpowered findings 

 Subjective scoring scale 

 

44. (Burgstaller J. 2016) AUT 

Population: Lactating dairy cows 

Sample size: 498 datasets from 10 barns, 201 (5 barns) in compost bedded yards 
and 297 (5 barns) in cubicles 

Intervention details: Compost bedded yards or cubicle barns 

Study design: Case Series 

Outcome studied: Lameness score and severity 

Claw lesions score and severity 

Main findings: 
(relevant to PICO question): 

 No significant differences in locomotion between different 
types of bedding material, flooring system, breed, visit 
number, observer and time since last trimming 

 Statistically significant differences in the prevalence of claw 
disorders between compost bedded and freestall cubicle 
barns were found for white line disease (WLD; 20.4% and 
46.6%, respectively), heel horn erosion (HHE; 26.9% and 
59.9%, respectively), concave dorsal wall as a result of chronic 
laminitis (6.5% and 15.9%, respectively) and for interdigital 
hyperplasia (0.2% and 3.1%, respectively) 

Limitations:  Subjective scoring systems 

 Comparing bedding types when flooring systems would differ 
and barn design may have influenced the study outcomes 
(whether or not there were sharp turns, steep grades, flooring 
flaws etc.) 

 

45. (Lim P.Y. 2015) UK 
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Population: Lactating dairy cows 

Sample size: 3691 cows from 76 farms 

Intervention details: Cubicles with concrete base and whole straw or rape straw bedding 

compared with cubicles with concrete bases with sand or chopped 

straw bedding 

Study design: Case Series 

Outcome studied: Farm data analysis 

Hair loss on lateral aspect of hock (using hock map), Hock lesion 

(score) and lameness (score) 

BCS, milk yield, duration of housing 

Main findings: 
(relevant to PICO question): 

 Cows on concrete based cubicles with sand or chopped straw-
based bedding had lower hair loss on hock than those on 
concrete with whole straw/rape straw dressing 

 Cows on concrete based cubicles with sand or chopped straw-
based bedding had lower hair loss on hock than those on 
mattresses with whole straw/rape straw dressing 

Limitations:  Purpose of the paper was to compare the hock map versus 
the scoring system for analyzing hock lesions rather than the 
bedding material itself 

 

46. (Astiz S. 2014) NED 

Population: Dry cows 

Sample size: 423 Holstein dry cows on one farm 

Intervention details: Compost bedded loose-yard compared (242 cows) to straw bedded 

loose yard (181 cows) 

Study design: Randomised control trial 

Outcome studied:  Dairy data records: 

 milk yield,  

 pregnancy after first insemination (P/FAI),  

 somatic cell counts (SCC),  

 incidence of clinical mastitis,  

 incidence of metritis and cytological endometritis, and  

 mortality/culling rate 

Main findings: 
(relevant to PICO question): 

 No differences in mortality, fertility parameters or uterine 
health 

 Lower clinical mastitis rates in compost bedding 

 Cows yielded avg. 760kg more milk in the first 100DIM from 
the compost bedded system  

Limitations:  Higher milk yield could be double-counted from the lack of 
mastitis (therefore less dumped/future milk losses) 

 Milk yield error limits crosses over between the two bedding 
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types, making the result less significant 

 Low numbers to get sufficient power for good conclusions on 
yield and fertility parameters (altering things in the dry period 
are a long way in time from getting cows pregnant and many 
other factors can influence the outcomes, so making 
conclusions would be extremely difficult) 

 

47. (Eckelkamp E.A., 2014) USA 

Population: Lactating dairy cows 

Sample size: 10 cows 

Intervention details: Freestall barn with pasture access transitioning to compost bedded 

loose-yard 

Study design: Case Report 

Outcome studied: Lying times by activity monitor 

Main findings: 
(relevant to PICO question): 

 Hours of lying were longer on compost than freestalls 

 Sound cows and lame cows lay for the same times on compost 
but sound cows lay longer than lame cows in freestalls.  

Limitations:  Very small numbers 

 Many environmental changes if going from freestall + pasture 
to compost, loose-housing. Feeding areas, water access, 
design of barn, heat abatement could all affect outcomes 

 Cows were on the freestall system for 495 days and compost 
for 132 days 

 

48. (Chapinal N. 2013) USA 

Population: Lactating dairy cows 

Sample size: 79 farms (unknown number of cow records) 

Intervention details: Lameness scoring and relationships between management systems 

and housing 

Study design: Case series 

Outcome studied: Lameness (1-5 scale) 

Dairy software records 

Main findings: 
(relevant to PICO question): 

 Severe lameness increased with the percentage of stalls with 
fecal contamination and with use of sawdust bedding, and 
decreased with deep bedding, sand bedding, herd size, and 
rearing of replacement heifers on site as well as frequency of 
manure removal in the pen per day 

 Deep bedding and sand were highly correlated as most 
systems used both on the same site. 
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Limitations:  Subjective scoring by multiple assessors 

 Modelled data from records 

 

49. (Mitev J. 2012) TUR 

Population: Lactating dairy cows 

Sample size: 36 cows 

Intervention details: Rubber mats, manure-straw bedding and sand 

Study design: Cohort study 

Outcome studied: Preference to bedding type 

Hygiene (cleanliness score) 

Lying times 

Main findings: 
(relevant to PICO question): 

 Lying times and number lying down were longer on matting 
than manure straw bedding and sand 

Limitations:  Very small cow numbers 

 No information on heat abatement, as this could have 
affected lying times (thin, rubber matting may be cooler than 
manure or sand). Turkey has a climatically high THI. 

 

50. (Kara N.K. 2011) UK 

Population: Lactating dairy cows 

Sample size: 709 cows from 39 herds 

Intervention details: Concrete, sand and rubber mattress bedding in freestalls and tie-stalls 

Study design: Case series 

Outcome studied: Lameness score 

Main findings: 
(relevant to PICO question): 

 There were no significant differences between mean of 
locomotion scores on concrete, sand or rubber bedding in this 
study 

Limitations:  Subjective scoring system 

 Varying herds with very variable environments and 
management systems 

 Comparing bedding types with more than one barn type 
(freestall and tie-stall) means that it is difficult to make 
conclusions with so much variation 

 

51. (Shane E.M. 2010) USA 

Population: Lactating dairy cows in Minnesota 

Sample size: 6 dairy farms (unknown number of cows) 
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Intervention details: All farms have compost bedded pack but used as a substrate either 

sawdust wood chips, flax straw, wheat straw, oat hulls, straw dust, 

and soybean straw 

Study design: Case series 

Outcome studied: Organic and inorganic composition of bedding 

Bacterial contamination of bedding 

Lameness, BCS, hock lesions and hygiene 

Main findings: 
(relevant to PICO question): 

 Bedding pack material averaged 15.8% for total C, 0.93% for 
total N, 17.8 for C:N ratio, 37.3% for dry matter, 8.83 for pH, 
4.25 mg/kg for nitrate, 955 mg/kg for ammonium, 15 g/kg for 
total potassium, 2.8 g/kg for total phosphorus, 8.5 dS/m for 
EC, 31.7 degrees C for pack temperature, 7.6 degrees C for 
outside temperature, and 9.42 million CFU/mL for total 
bacterial counts in the bedding 

 All types of substrate were considered suitable but regular 
tilling and replacing were recommended 

Limitations:  No information on cow factors 

 

52. (Doherr M.G. 2007) CZR 

Population: Lactating dairy cows 

Sample size: 970 cows on 120 farms (60 organic and 60 conventional) 

Intervention details: Rubber mat/concrete beds or “other” 

Study design: Case series 

Outcome studied: Subclinical mastitis risk factors 

California milk test (CMT) 

Main findings: 
(relevant to PICO question): 

 Decreased odds ratios for subclinical mastitis were found on 
farms using systems other than rubber mat/concrete beds 

Limitations:  Authors admitted that many of the associated factors and 
odds ratios were likely to be related to system management 
variation between farms rather than the factors in the paper 
themselves. 

 

53. (Espejo L.A. n.d.) 2006  

Population: Lactating dairy cows in Minnesota 

Sample size: 5,626 cows in 53 high-production groups 

Intervention details: Freestall herds with sand stalls and freestall herds with mattresses 

Study design: Case series 

Outcome studied: Records from dairy software 

Lameness score (1-5 scale) 

http://dx.doi.org/10.18849/ve.v3i4.148


 
 
Veterinary Evidence 
ISSN:2396-9776 
Vol 3, Issue 4 
DOI: http://dx.doi.org/10.18849/ve.v3i4.148 
next review date: 31st Oct 2020 

p a g e  |  34 of 46 
 

 

 

Main findings: 
(relevant to PICO question): 

 The mean prevalence of clinical lameness was 24.6% 

 Prevalence of lameness in parity one averaged 12.8% and 
increased by 8 percentage points each parity. 

 Lameness was lower in freestall herds with sand stalls (17.1%) 
than in freestall herds with mattress stall surfaces (27.9%) 

Limitations:  Lameness scored by multiple assessors and a subjective 
system 

 

54. (Tucker C.B. 2003) USA 

Population: Lactating Holstein dairy cows 

Sample size: 12 cows were housed individually in separate pens 

Intervention details: Each pen contained three free stalls with a different surface: deep-

bedded sawdust, deep-bedded sand, and a geotextile mattress 

covered with 2 to 3 cm of sawdust 

Study design: Cohort study 

Outcome studied: Preference was determined, based on lying times 

Main findings: 
(relevant to PICO question): 

 Of the 12 cows used in Experiment 1, 10 preferred sawdust 
before and nine after the restriction phase. During the 
restriction phase, average lying times and number of lying 
events during the restriction phase were significantly lower 
for the sand-bedded stalls (P<=0.05), and standing times were 
higher on mattresses (P<=0.05), compared with sawdust 

 After restriction, half of cows preferred sawdust and half 
sand. 

Limitations:  All cows had been housed on sawdust for their previous 
lactation (although they were given experience of all types of 
bedding before the experiment) 

 Very small population number 

 

55. (Manninen E. 2002) FIN 

Population: Lactating dairy cows 

Sample size: 44 Friesian cows, 24 in winter and 20 in summer 

Intervention details: Experiment 1: Concrete with large amount of straw, soft rubber mat 

with a thin layer of straw and sand (2-3 mm) without straw 

Experiment 2: 2cm deep rough or fine sand 

Study design: Cohort study 

Outcome studied: Preference (occupation of cubicles of different types and lying times) 

observed by video 
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Main findings: 
(relevant to PICO question): 

 Lying times were shorter and fewer lying bouts were observed 
on sand than on either straw or rubber matting in Experiment 
1 

 In winter, cows preferred to lie on straw rather than rubber 
matting 

 When forced to lie on sand, cows had no preference to either 
rough or fine sand or lying in the concrete alleyway. 

Limitations:  Before the experiment, all cows were housed on rubber 
matting covered with peat and straw, so some may have had 
previous preferences 

 Very small population numbers 

 Stocking density was different in winter (100%) to summer 
(50%) 

 Sand layer was 20cm deep which seems low compared with 
other papers reviewed in this knowledge summary 

 Manual observations may be subjective 

 

56 (Weary D.M. 2000) CAN 

Population: Lactating dairy cows 

Sample size: 1752 cows on 20 farms 

Intervention details: Prevalence study on hock lesions from sawdust, sand, and geotextile 

mattresses 

Study design: Case Series 

Outcome studied: Hock lesions by scoring and severity scoring 

Main findings: 
(relevant to PICO question): 

 73% of cows had at least one hock lesion 

 91% cows had lesions on mattresses 

 24% cows had lesion on sand 

Limitations:  Subjective scoring methods 

 Only 4 farms out of 20 had sand, 10 on mattresses and 6 on 
sawdust, with 185/1752 cows on sand. 

 

57 (Hayasaka K. 2000) JAP 

Population: Lactating dairy cows 

Sample size: 15 cows on 16 cubicles 

Intervention details: Preference study comparing soil or rubber chip mattress bedding with 

hardness of 90 vs 52 respectively on a rubber hardness tester  

Study design: Cohort study 

Outcome studied: Lying time and number of lying bouts on video 
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Main findings: 
(relevant to PICO question): 

 Cows on matts had longer lying times with more frequent 
bouts of lying 

 Cows on matts had lower standing times and less time spent 
eating than soil based bedded cows 

 Manual observations may be subjective 

Limitations:  Very low sample numbers 

 

58 (Gamroth M.J. 1992) USA 

Population: Bacterial growth of coliforms 

Sample size: Bacterial samples grown from bedding materials 

Intervention details: Growth of coliforms on days 0, 2, 5, 8 and 11 on dried wood sawdust, 

composted washed manure solids (CS), chopped ryegrass straw, and 

shredded paper covering gypsum wall board in freestalls under farm 

conditions, then: 

Treating recycled manure solids with hydrated lime, copper, zinc and 

germicide to control coliform growth 

Study design: Case series 

Outcome studied: Coliform growth on untreated and treated bedding 

Main findings: 
(relevant to PICO question): 

 Coliform growth on all types of bedding materials reached 
faecal output levels within 2 days. 

 Treatment of bedding with any of the applied materials did 
not affect bacterial growth in the bedding material 

Limitations: Growth from coliforms only 

 

59 (Brim M. 1989) USA 

Population: Bacterial growth of bedding material samples 

Sample size: Growth of bacteria from samples 

Intervention details: Growth on samples of following types of bedding materials: 

Sand, 12-mesh limestone and treated with pine disinfectant, oat straw 

and cedar sawdust. Mulched newspaper 

Study design: Case series 

Outcome studied: Bacterial growth 

Main findings: 
(relevant to PICO question): 

 Sand, limestone (including treated) both had significantly 
higher growth after 6-54 hours incubation than organic 
bedding (straw, sawdust, newspaper).  

 Organic materials (sawdust, newspaper and straw) showed 
bimodal growth patterns, declining at 30-54 hours and 
increasing again beyond inorganic levels after 96-120 hours 
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Limitations:  Unknown which bacteria grown and what season, 
temperature, humidity and levels of contamination 
beforehand. 

 From Table 3, it is inferred that there were 10 samples taken 
from unused pens and 30 from used, totaling 40 samples but 
this was for E. coli specifically. The paper is not clear on 
methodology how many samples were taken for all bacterial 
species. 

 

Appraisal, application and reflection 
 

At the point of writing, the most recent report from United States Dairy Association (USDA) shows the 
following proportions of bedding materials used on US dairies: Sand (45%), sawdust (21%), straw (14%), and 
manure (7%) are the 4 most common bedding materials in US freestall barns, with 87% of freestall barns 
using these bedding types (USDA, 2008). No more recent evidence is available at the time of publication. 
From the evidence reported here, 34 publications originate from the USA, compared with 7 from Canada, 3 
from Finland, 2 each from Italy, Netherlands, UK and Denmark and 1 each from Austria, Norway, India, 
Turkey, Czech Republic, Japan and China. 
The majority of research has been concentrated on the bedding systems of lactating dairy cows, with only 3 
publications specifically mentioning dry cow accommodation. 
Levels of evidence have ranged from one systematic review (Dufour S. 2012) through a majority of cohort 
studies to many case series and one randomized control trial. 
As farm management practices and observers can vary from one site to another, there has been potential for 
subjective errors in input data in most of the papers reviewed.  Efforts in multivariate regression modelling 
and analysis of statistical data has led many authors to attempt to reduce this in many cases. Scoring systems 
for lameness, cleanliness, skin lesions and teat cleanliness have all been assessed on subjective observation 
systems. Attempts have been made to mitigate subjective errors by using consistent guidelines to the 
assessors or using one single assessor have often been explained in the methodology of each paper. 
 
Evidence for bedding material and associations with mastitis 
 
Outcomes reported in the reviewed papers have covered many aspects of mastitis, including clinical 
incidence, subclinical incidence and bulk tank somatic cell counts, udder cleanliness, teat cleanliness, 
bacterial culture of milk and teats and bacterial culture/PCR analysis of bedding material. The following 
general observations can be made from the reviewed studies that can support the clinical bottom line: 

 Clinical mastitis incidence was lower in herds bedded on deep sand, freestall systems (Dufour S. 
2012)(Gao J. 2017) (Rowbowtham R.F., 2016). 

 Lower somatic cell counts and bulk tank somatic cell counts have been reported in clean sand, 
recycled sand (Wenz J.R. 2007)(Jayarao B.M. 2004), mattresses (F. A. Dufour S. 2011) (Wenz J.R. 2007), 
manure (Dufour S. 2011) but higher SCC in composted manure (Wenz J.R. 2007). Such variations in 
results reflect the enormous variation in potential for management differences farm by farm. Many of 
these papers obtained their information from farm questionnaires on stall management and farmers 
may not be accurately reporting frequency of cleaning, renewal frequency of bedding, stocking 
density, cow cleanliness, parlour routines and many other aspects. The only objective measurement in 
these studies was the BTSCC or SCC values obtained from the dairy records. 

 At the time of writing, many geographical regions are reporting a requirement to reduce the use of 
antimicrobials on farm. Only one paper has reported a reduction in the use of antimicrobials on sand 
systems specifically (Kayitsinga J. 2017). However, it may be prudent to point out that this may not be 
caused by the use of sand but merely associated with farms that use sand (these farms may be more 
innovative or better managed generally than farms using other types of bedding). 

 Cows have been reported to have lower cleanliness scores on sand systems (cleaner cows) (Guarín J.F. 
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2017) (Fulwider W.K. 2007) than straw (Norring M. 2008). 
 Considering microbial contamination, many papers have studied the growth of bacteria in bedding 

materials, the relationship between dry matter and moisture content in these materials in different 
seasons and cultured bacteria on teats or in milk. From these, some general consistencies can be 
found: 

o Less bacterial counts have been reported from inorganic (sand/crushed limestone) bedding 
material versus organic (straw, manure) (Hogan J.S. 1989) (Godden S. 2008). 

o More bacterial counts have been found on teats on mattress systems versus sand (Zdanowicz 
M. 2004) and lower counts found on clean, new sand versus manure (Guarín J.F. 2017) 
(Rowbowtham R.F., 2016),(van Gastelen S. 2011). However, two reports found no differences 
in bacterial growth on bedding media types (Black R.F. 2014) (Rowbowtham R.F. 2016). 

o Heat treating or composting sand or manure have been found to reduce contamination in two 
studies (Cole K.J. 2016)(Westphal A. 2011) 

o The dry matter content and amount of organic material in the bedding as well as moisture 
have been found to affect bacterial growth within bedding of all types, so summer conditions 
appear to favour growth (Rowbowtham R.F., 2016). 

o When it comes to specific bedding types and their associations with specific bacterial species, 
associations have been found between increased Streptococcus spp. in manure and sand 
systems vs. more coliforms and Klebsiella found in straw, manure and sawdust systems 
(Rowbowtham R.F., 2016)(Zdanowicz M. 2004) (Carroll E.J. 1978) (Godden S. 2008).. 

o It is worth mentioning that fresh versions of any bedding material can easily support higher 
bacterial growth with increasing time of usage in the barn (Carroll E.J. 1978). This is supported 
by (Gamroth M.J. 1992) who showed that bacterial coliform levels on bedding equaled fecal 
output within 2 days and treatment with inorganic compounds in an attempt to delay this did 
not reduce further bacterial growth in bedding. 

o An attempt has been made to associate higher milk yields to softer flooring types but the data 
inputs were not reliable enough for convincing results (too much possibility for variation 
between farms and management practices to confidently predict differences by bedding type 
alone) in the author’s opinion (Calamari L. 2009)(Rudd L.E. 2010) (Astiz S. 2014) 
 

Evidence for associations between bedding types on cow comfort and lameness 
 
When considering a subject such as “welfare” and cow comfort, it is difficult to actually define a 
measurement that can reflect a true picture of cow welfare. Because of this, the focus of this Knowledge 
Summary has been on comparisons of objective observations between bedding types and such variables as 
lying times, frequency and length of lying bouts, hock lesions, time spent standing in stalls and preference 
testing. The following general observations can be made from the reviewed literature: 

 In preference tests, cows appear to choose bedding types in the following order: Sand > Mattresses > 
Waterbeds > Concrete/straw (Wagner-Storch A.M. 2003) with one paper showing no difference 
between sand and mattresses but mattresses are preferred to concrete/straw (low sample numbers) 
(Norring M. 2016). One preference test in Finland showed strong preferences to mattresses over sand 
but it is worth mentioning that the cows were used to mattresses before the trial and sample 
population was very small (Manninen E. 2002). 

 Sand-bedded systems appear to have fewer lame cows (Cook N.B. 2005), (Cook N.B. 2004) although as 
mentioned before, this may be biased by farms with higher production/better management. However, 
multivariate analysis has attempted to account for this and results have been consistent among 
observations. 

 Time spent lying in stalls is increased in sand bedded systems versus others, with increased length of 
time of the first lying bout also (Bak A.S. 2016)(Solano L. 2016) (Jensen M.B. 2015) (Cook N.B. 
2004) (Ito K. 2014) (Gomez A. 2010) (Lombard J.E. 2010) (Calamari L. 2009). 

 Cows may be seen spending more time in mattress stalls but they are standing rather than lying (Cook 
N.B. 2005)(Jensen M.B. 2015) (Cook N.B. 2004). 
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 Compost manure and sand systems can both be shown to have reduced hock lesions versus mattress 
bedding (Fulwider W.K. 2007) (Lobeck K.M. 2011)(van Gastelen S. 2011) (Lombard J.E. 2010) (Norring 
M. 2008) . Also, when kept clean, there may be no differences in mastitis, SCC, locomotion score and 
hock lesions between compost pack systems and deep sand freestall systems (Eckelkamp E.F. 2014) 

 When using straw for bedding material, it appears that chopping the straw can be associated with less 
hock hair loss than whole straw (Lim P.Y. 2015) 

 One paper concentrated on preference testing between sand, straw and rubber matted bedding and 
found contrary results to other papers, concluding that cows strongly preferred to lie on straw and 
rubber, avoiding sand where possible (Manninen E. 2002). Although stocking densities were different 
in these tests and numbers were low, with cows having previous experience of matting systems before 
the experiment. (Hayasaka K. 2000) mentioned that cows showed longer lying times on 
mattresses versus soil bedding but spent less time eating. 

 One paper was specific enough to quantify the length of lying time with the depth of the sand bedding 
and showed that this depth decreases with increased time of use in the barn. 

o Lying time decreased by 11 minutes in a 24 hour period per 1cm depth of sand bedding 
(Drissler M. 2005). 
 

Summary 
 
In conclusion, clean sand appears to be associated with the best outcomes in clinical mastitis, cow 
cleanliness, subclinical mastitis, cow lying times, hock lesions and cow preference. Recycled sand, composted 
manure and other deep-bedded systems also appear to have increased cow comfort indices versus mattress 
systems. Manure systems can also have better outcomes with bacterial growth over straw and mattress 
systems as long as they are kept clean and renewed frequently. Mattress systems and concrete/straw 
bedding tend to have the worst outcomes for both mastitis and lameness parameters. 

 

Methodology Section 

 

Search Strategy 

Databases searched and dates 

covered: 

PubMed search 1910 - July 2017 

Google Scholar  

CAB Abstracts 1973 to 2017 Week 30 

Search terms: Search 1 ((((((cattle OR cow$ OR bovi*))) AND ((bed* OR mattress))) 

AND ((sand OR compost* OR rubber)))) AND mastitis  

Search 2 ((((((cattle OR cow$ OR bovi*))) AND ((bed* OR mattress))) 

AND ((sand OR compost* OR rubber)))) AND (([hock lesion] OR 

lame*))  

Search 3 ((((((cattle OR cow$ OR bovi*))) AND ((bed* OR mattress))) 

AND ((sand OR compost* OR rubber)))) AND [lying time$]  

Search 4 ((((((cattle OR cow$ OR bovi*))) AND ((bed* OR mattress))) 

AND ((sand OR compost* OR rubber)))) AND (([dry matter intake] OR 

DMI))  

Dates searches performed: 28 July 2017 (PubMed), 3rd August, 2017 (Google Scholar), 8th August, 
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2017 (CAB Abstracts) 

 

 

 

Exclusion / Inclusion Criteria 

Exclusion:  References on Grazing (when not compared with the included 

PICO titles), tie-stall barns, feedlots, beef animals or calves.  

 Papers that did not directly compare bedding types with clear 

outcomes.  

 Papers that compared different types of the same medium 

(e.g. comparing 2 types of rubber mattresses) 

 Non peer-reviewed information sheets 

 Articles covering sheep or buffalo 

 Articles covering flooring or whole-barn systems rather than 

bedding specifically (e.g. compost or straw yards vs cubicle 

systems). This is because the influences of bedding would be 

mixed with flooring and barn design and confuse outcomes. 

Inclusion:  Comparisons of Lactating and dry Dairy Cow types of bedding 

with any search outcomes in search string 

 Peer-reviewed articles 

 

 

 

Search Outcome 

Database 

Total number of results from 

the search strategies after 

deduplication 

Excluded – not relevant to the 

PICO/not peer reviewed 

Total relevant 

papers 

PubMed 46 11 35 

Google Scholar 454 403 51 

CAB Abstracts 143 118 25 

Total relevant papers when duplicates removed 59 

http://dx.doi.org/10.18849/ve.v3i4.148


 
 
Veterinary Evidence 
ISSN:2396-9776 
Vol 3, Issue 4 
DOI: http://dx.doi.org/10.18849/ve.v3i4.148 
next review date: 31st Oct 2020 

p a g e  |  41 of 46 
 

 

 

 

 

CONFLICT OF INTEREST 

 
The authors declare no conflict of interest. 
 
 

REFERENCES 

 

1. Adams A.E., Lombard J.E., Fossler C.P., Roman-Muniz I.N., Kopral C.A. 2017. "Associations between 

housing and management practices and the prevalence of lameness, hock lesions, and thin cows on US 

dairy operations." Journal of Dairy Science 100 (3): 2119-2136. http://dx.doi.org/10.3168/jds.2016-

11517 

2. Adhikari N., Bonaiuto H.E., Lichtenwalner A.B. 2013. "Short communication: Dairy bedding type affects 

survival of Prototheca in vitro." Journal of Dairy Science 96 (12): 7739-

7742. http://dx.doi.org/10.3168/jds.2013-6773 

3. Astiz S., Sebastian F., Fargas O., Fernandez M., Calvet E. 2014. "Enhanced udder health and milk yield 

of dairy cattle on compost bedding systems during the dry period: a comparative study." Livestock 

Science 159: 161-164. http://dx.doi.org/10.1016/j.livsci.2013.10.028 

4. Bak A.S., Herskin M.S., Jensen M.B. 2016. "Effect of sand and rubber surface on the lying behavior of 

lame dairy cows in hospital pens." Journal of Dairy Science 99 (4): 2875-

2883. http://dx.doi.org/10.3168/jds.2015-9937 

5. Black R.A., Krawczel P.D. 2016. "A Case Study of Behaviour and Performance of Confined or Pastured 

Cows During the Dry Period." Animals 6 (7): 41. http://dx.doi.org/10.3390/ani6070041 

6. Black R.A., Taraba J.L., Day G.B., Damasceno F.A., Newman M.C., Akers K.A., Wood C.L., McQuerry K.J., 

Bewley J.M. 2014. "The relationship between compost bedded pack performance, management, and 

bacterial counts." Journal of Dairy Science 97 (5): 2669-2679. http://dx.doi.org/10.3168/jds.2013-6779 

7. Brim M., Timms L.L. 1989. "In vitro growth of environmental mastitis pathogens in various bedding 

materials." Journal of Dairy Science 72 (1): 14-15. 

8. Burgstaller J., Raith J., Kuchling S., Mandl V., Hund A., Kofler J. 2016. "Claw health and prevalence of 

lameness in cows from compost bedded and cubicle freestall dairy barns in Austria." Veterinary 

Journal 216: 81-86. http://dx.doi.org/10.1016/j.tvjl.2016.07.006 

9. Calamari L., Calegari F., Stefanini L. 2009. "Effect of different free stall surfaces on behavioural, 

productive and metabolic parameters in dairy cows." Applied Animal Behavioural Science 120: 9-

17. http://dx.doi.org/10.1016/j.applanim.2009.05.013 

10. Carroll E.J., Jasper D.E. 1978. "Distribution of enterobacteriaceae in recycled manure bedding on 

California dairies." Journal of Dairy Science 61 (10): 1498-1508. http://dx.doi.org/10.3168/jds.S0022-

0302(78)83754-0 

http://dx.doi.org/10.18849/ve.v3i4.148
http://dx.doi.org/10.3168/jds.2016-11517
http://dx.doi.org/10.3168/jds.2016-11517
http://dx.doi.org/10.3168/jds.2013-6773
http://dx.doi.org/10.1016/j.livsci.2013.10.028
http://dx.doi.org/10.3168/jds.2015-9937
http://dx.doi.org/10.3390/ani6070041
http://dx.doi.org/10.3168/jds.2013-6779
http://dx.doi.org/10.1016/j.tvjl.2016.07.006
http://dx.doi.org/10.1016/j.applanim.2009.05.013
http://dx.doi.org/10.3168/jds.S0022-0302(78)83754-0
http://dx.doi.org/10.3168/jds.S0022-0302(78)83754-0


 
 
Veterinary Evidence 
ISSN:2396-9776 
Vol 3, Issue 4 
DOI: http://dx.doi.org/10.18849/ve.v3i4.148 
next review date: 31st Oct 2020 

p a g e  |  42 of 46 
 

 

 

11. Chapinal N., Barrientos A.K., Keyserlingk M.A.G., von Galo E., Weary D.M. 2013. "Herd-level risk factors 

for lameness in freestall farms in the northeastern United States and California." Journal of Dairy 

Science 96 (1): 318-328. http://dx.doi.org/10.3168/jds.2012-5940 

12. Cole K.J., Hogan J.S. 2016. "Short communication: Environmental mastitis pathogen counts in freestalls 

bedded with composted and fresh recycled manure solids." Journal of Dairy Science 99 (2): 1501-

1505. http://dx.doi.org/10.3168/jds.2015-10238 

13. Cook N.B., Bennett T.B., Nordlund K.V. 2004. "Effect of free stall surface on daily activity patterns in 

dairy cows with relevance to lameness prevalence." Journal of Dairy Science 87 (9): 2912-

2922. http://dx.doi.org/10.3168/jds.S0022-0302(04)73422-0 

14. Cook N.B., Bennett T.B., Nordlund K.V. 2005. "Monitoring indices of cow comfort in free-stall-housed 

dairy herds." Journal of Dairy Science 88 (11): 3876-3885. http://dx.doi.org/10.3168/jds.S0022-

0302(05)73073-3 

15. Cook N.B., Marin M.J., Mentink R.L., Bennett T.B., Schaefer M.J. 2008. "Comfort zone-design free 

stalls: do they influence the stall use behavior of lame cows?" Journal of Dairy Science 91 (12): 4673-

4678. http://dx.doi.org/10.3168/jds.2007-0910 

16. De Palo P., Tateo A., Zezza F., Corrente M., Centoducati P. 2006. "Influence of Free-Stall Flooring on 

Comfort and Hygiene of Dairy Cow sDuring Warm Climatic Conditions." Journal of Dairy Science 89 

(12): 4583-4595. http://dx.doi.org/10.3168/jds.S0022-0302(06)72508-5 

17. Doherr M.G., Roesch M., Schaeren W., Schallibaum M., Blum J.W. 2007. "Risk factors associated with 

subclinical mastitis in dairy cows on Swiss organic and conventional production system 

farms." Veterinarni Medicina 52 (11): 487-495. http://dx.doi.org/10.17221/2060-VETMED 

18. Drissler M., Gaworski M., Tucker C.B., Weary D.M. 2005. "Freestall maintenance: effects on lying 

behavior of dairy cattle." Jounral of Dairy Science 88 (7): 2381-

2387. http://dx.doi.org/10.3168/jds.S0022-0302(05)72916-7 

19. Dufour S., Dohoo I.R., Barkema H.W., Descôteaux L., Devries T.J., Reyher K.K., Roy J.P., Scholl D.T. 

2012. "Epidemiology of coagulase-negative staphylococci intramammary infection in dairy cattle and 

the effect of bacteriological culture misclassification." Journal of Dairy Science 95 (6): 3110-

3024. http://dx.doi.org/10.3168/jds.2011-5164 

20. Dufour S., Fréchette A., Barkema H.W., Mussell A., Scholl D.T. 2011. "Invited review: Effect of udder 

health management practices on herd somatic cell count." Journal of Dairy Science 94 (2): 563-

579. http://dx.doi.org/10.3168/jds.2010-3715 

21. Eckelkamp E.A., Gravatte C.N., Coombs C.O., Bewley J.M. 2014. "Case study: characterization of lying 

behavior in dairy cows transitioning from a freestall barn with pasture access to a compost bedded 

pack barn without pasture access." Professional Animal Scientist 30 (1): 109-

113. http://dx.doi.org/10.15232/S1080-7446(15)30092-9 

22. Eckelkamp E.A., Taraba J.L., Akers K.A., Harmon A.J., Bewley J.A. 2016. "Sand bedded freestall and 

compost bedded pack effects on cow hygiene, locomotion, and mastitis indicators." Livestock 

Science 190: 48-57. http://dx.doi.org/10.1016/j.livsci.2016.06.004 

http://dx.doi.org/10.18849/ve.v3i4.148
http://dx.doi.org/10.3168/jds.2012-5940
http://dx.doi.org/10.3168/jds.2015-10238
http://dx.doi.org/10.3168/jds.S0022-0302(04)73422-0
http://dx.doi.org/10.3168/jds.S0022-0302(05)73073-3
http://dx.doi.org/10.3168/jds.S0022-0302(05)73073-3
http://dx.doi.org/10.3168/jds.2007-0910
http://dx.doi.org/10.3168/jds.S0022-0302(06)72508-5
http://dx.doi.org/10.17221/2060-VETMED
http://dx.doi.org/10.3168/jds.S0022-0302(05)72916-7
http://dx.doi.org/10.3168/jds.2011-5164
http://dx.doi.org/10.3168/jds.2010-3715
http://dx.doi.org/10.15232/S1080-7446(15)30092-9
http://dx.doi.org/10.1016/j.livsci.2016.06.004


 
 
Veterinary Evidence 
ISSN:2396-9776 
Vol 3, Issue 4 
DOI: http://dx.doi.org/10.18849/ve.v3i4.148 
next review date: 31st Oct 2020 

p a g e  |  43 of 46 
 

 

 

23. Espejo L.A., Endres M. I., Salfer J.A. n.d. 2006 "Prevalence of lameness in high-producing Holstein cows 

housed in freestall barns in Minnesota." Journal of Dairy Science 89 (8): 3052-

3058. http://dx.doi.org/10.3168/jds.S0022-0302(06)72579-6 

24. Fulwider W.K., Grandin T., Garrick D.J., Engle T.E., Lamm W.D.,Dalsted N.L., Rollin B.E. 2007. "Influence 

of Free-Stall Base on Tarsal Joint Lesions and Hygiene in Dairy Cows." Journal of Dairy Science 90 (7): 

3559-3566. http://dx.doi.org/10.3168/jds.2006-793 

25. Gamroth M.J., Bowes M., Moore J.A. 1992. "Effect of bedding materials & treatment on coliform 

bacteria growth in dairy freestalls." Journal of Dairy Science 75 (1): 260. 

26. Gao J., Barkema H.W., Zhang L., Liu G., Deng Z., Cai L., Shan R., Zhang S., Zou J., Kastelic J., Han B. 2017. 

"Incidence of clinical mastitis and distribution of pathogens on large Chinese dairy farms." Journal of 

Dairy Science 100 (6): 4797-4806. 

27. Godden S., Bey R., Lorch K., Farnsworth R., Rapnicki P. 2008. "Ability of organic and inorganic bedding 

materials to promote growth of environmental bacteria." Journal of Dairy Science 91 (1): 151-

159. http://dx.doi.org/10.3168/jds.2007-0415 

28. Gomez A., Cook N.B. 2010. "Time budgets of lactating dairy cattle in commercial freestall 

herds." Journal of Dairy Science 93 (12): 5772-5781. http://dx.doi.org/10.3168/jds.2010-3436 

29. Guarín J.F., Baumberger C., Ruegg P.L. 2017. "Anatomical characteristics of teats and premilking 

bacterial counts of teat skin swabs of primiparous cows exposed to different types of bedding." Journal 

of Dairy Science 100 (2): 1436-1444. http://dx.doi.org/10.3168/jds.2016-11514 

30. Hayasaka K., Kamo M., Kawamoto H. 2000. "Effects of stall surface and individual characteristics on the 

behaviour of lactating cows in free stall housing." Animal Science Journal 71 (8): 270-278. 

31. Hogan J.S., Smith K.L., Hoblet K.H., Todhunter D.A., Schoenberger P.S., Hueston W.D., Pritchard D.E., 

Bowman G.L., Heider L.E., Brockett B.L. 1989. "Bacterial counts in bedding materials used on nine 

commercial dairies." Journal of Dairy Science 72 (1): 250-258. http://dx.doi.org/10.3168/jds.S0022-

0302(89)79103-7 

32. Ito K., Chapinal N., Weary D.M., von Keyserlingk M.A. 2014. "Associations between herd-level factors 

and lying behavior of freestall-housed dairy cows." Journal of Dairy Science 97 (4): 2081-

2089. http://dx.doi.org/10.3168/jds.2013-6861 

33. Jayarao B.M., Pillai S.R., Sawant A.A., Wolfgang D.R., Hegde N.V. 2004. "Guidelines for monitoring bulk 

tank milk somatic cell and bacterial counts." Journal of Dairy Science 87 (10): 3561-

3573. http://dx.doi.org/10.3168/jds.S0022-0302(04)73493-1 

34. Jensen M.B., Herskin M.S., Thomsen P.T., Forkman B., Houe H. 2015. "Preferences of lame cows for 

type of surface and level of social contact in hospital pens." Journal of Dairy Science 98 (7): 4552-

4559. http://dx.doi.org/10.3168/jds.2014-9203 

35. Jones B.W., Stone A.E., Wood C.L., McQuerry K.J., Clark J.D., Ray D.L., Bewley J.M. 2017. 

"Characterization of milk yield, lying and rumination behavior, gait, cleanliness, and lesions between 2 

different freestall bases." Professional Animal Scientist 33 (1): 140-

149. http://dx.doi.org/10.15232/pas.2016-01548 

http://dx.doi.org/10.18849/ve.v3i4.148
http://dx.doi.org/10.3168/jds.S0022-0302(06)72579-6
http://dx.doi.org/10.3168/jds.2006-793
http://dx.doi.org/10.3168/jds.2007-0415
http://dx.doi.org/10.3168/jds.2010-3436
http://dx.doi.org/10.3168/jds.2016-11514
http://dx.doi.org/10.3168/jds.S0022-0302(89)79103-7
http://dx.doi.org/10.3168/jds.S0022-0302(89)79103-7
http://dx.doi.org/10.3168/jds.2013-6861
http://dx.doi.org/10.3168/jds.S0022-0302(04)73493-1
http://dx.doi.org/10.3168/jds.2014-9203
http://dx.doi.org/10.15232/pas.2016-01548


 
 
Veterinary Evidence 
ISSN:2396-9776 
Vol 3, Issue 4 
DOI: http://dx.doi.org/10.18849/ve.v3i4.148 
next review date: 31st Oct 2020 

p a g e  |  44 of 46 
 

 

 

36. Justice-Allen A., Trujillo J., Corbett R., Harding R., Goodell G., Wilson D. 2010. "Survival and replication 

of Mycoplasma species in recycled bedding sand and association with mastitis on dairy farms in 

Utah." Journal of Dairy Science 93 (1): 192-202. http://dx.doi.org/10.3168/jds.2009-2474 

37. Kara N.K., Galic A., Koyuncu M. 2011. "Effects of stall type and bedding materials on lameness and 

hygiene score and effect of lameness on some reproductive problems in dairy cattle." Journal of 

Applied Animal Research 39 (4): 334-338. 

38. Kayitsinga J., Schewe R.L., Contreras G.A., Erskine R.J. 2017. "Antimicrobial treatment of clinical 

mastitis in the eastern United States: The influence of dairy farmers' mastitis management and 

treatment behavior and attitudes." Journal of Dairy Science 100 (2): 1388-

1407. http://dx.doi.org/10.3168/jds.2016-11708 

39. Kristula M.A., Rogers W., Hogan J.S., Sabo M. 2005. "Comparison of bacteria populations in clean and 

recycled sand used for bedding in dairy facilities." Journal of Dairy Science 88 (12): 4317-

4325. http://dx.doi.org/10.3168/jds.S0022-0302(05)73118-0 

40. Lim P.Y., Huxley J.N., Green M.J., Othman A.R., Potterton S.L., Brignell C.J., Kaler J. 2015. "Area of hock 

hair loss in dairy cows: risk factors and correlation with a categorical scale." Veterinary Journal 203 (2): 

205-210. http://dx.doi.org/10.1016/j.tvjl.2014.11.005 

41. Lobeck K.M., Endres M.I., Shane E.M., Godden S.M., Fetrow J. 2011. "Animal welfare in cross-

ventilated, compost-bedded pack, and naturally ventilated dairy barns in the upper Midwest." Journal 

of Dairy Science 94 (11): 5469-5479. http://dx.doi.org/10.3168/jds.2011-4363 

42. Lombard J.E., Tucker C.B., von Keyserlingk M.A., Kopral C.A., Weary D.M. 2010. "Associations between 

cow hygiene, hock injuries, and free stall usage on US dairy farms." Journal of Dairy Science 93 (10): 

4668-4676. http://dx.doi.org/10.3168/jds.2010-3225 

43. Manninen E., Passille A.M., de Rushen J., Norring M., Saloniemi H. 2002. "Preferences of dairy cows 

kept in unheated buildings for different kind of cubicle flooring." Applied Animal Behaviour Science 75 

(4): 281-292. http://dx.doi.org/10.1016/S0168-1591(01)00206-4 

44. Mitev J., Varlyakov I., Miteva T., Vasilev N., Gergovska J., Uzunova K., Dimova V. 2012. "Preferences of 

freestall housed dairy cows to different bedding materials." Veteriner Fakultesi Dergisi (Istanbul) 38 

(2): 135-140. 

45. Norring M., Manninen E., de Passillé A.M., Rushen J., Munksgaard L., Saloniemi H. 2008. "Effects of 

sand and straw bedding on the lying behavior, cleanliness, and hoof and hock injuries of dairy 

cows." Journal of Dairy Science91 (2): 570-576. http://dx.doi.org/10.3168/jds.2007-0452 

46. Norring M., Manninen E., de Passillé A.M., Rushen J., Saloniemi H. 2010. "Preferences of dairy cows for 

three stall surface materials with small amounts of bedding." Journal of Dairy Science 93 (1): 2009-

2164. 

47. Rowbotham R.F., Ruegg P.L. 2016. "Associations of selected bedding types with incidence rates of 

subclinical and clinical mastitis in primiparous Holstein dairy cows." Journal of Dairy Science 99 (6): 

4707-4716. http://dx.doi.org/10.3168/jds.2015-10675 

48. Rowbotham R.F., Ruegg P.L. 2016. "Bacterial counts on teat skin and in new sand, recycled sand, and 

http://dx.doi.org/10.18849/ve.v3i4.148
http://dx.doi.org/10.3168/jds.2009-2474
http://dx.doi.org/10.3168/jds.2016-11708
http://dx.doi.org/10.3168/jds.S0022-0302(05)73118-0
http://dx.doi.org/10.1016/j.tvjl.2014.11.005
http://dx.doi.org/10.3168/jds.2011-4363
http://dx.doi.org/10.3168/jds.2010-3225
http://dx.doi.org/10.1016/S0168-1591(01)00206-4
http://dx.doi.org/10.3168/jds.2007-0452
http://dx.doi.org/10.3168/jds.2015-10675


 
 
Veterinary Evidence 
ISSN:2396-9776 
Vol 3, Issue 4 
DOI: http://dx.doi.org/10.18849/ve.v3i4.148 
next review date: 31st Oct 2020 

p a g e  |  45 of 46 
 

 

 

recycled manure solids used as bedding in freestalls." Journal of Dairy Science 99 (8): 6954-

6608. http://dx.doi.org/10.3168/jds.2015-10674 

49. Rudd L.E., Boe K.E., Osteras O. 2010. "Associations of soft flooring materials in free stalls with milk 

yield, clinical mastitis, teat lesions, and removal of dairy cows." Journal of Dairy Science 93 (4): 1578-

1586. http://dx.doi.org/10.3168/jds.2009-2752 

50. Shane E.M., Endres M.I., Janni K.A. 2010. "Alternative bedding materials for compost bedded pack 

barns in Minnesota: a descriptive study." Applied Engineering in Agriculture 26 (3): 465-473. 

51. Solano L., Barkema H.W., Pajor E.A., Mason S., LeBlanc S.J., Nash C.G., Haley D.B., Pellerin D., Rushen 

J., de Passillé A.M., Vasseur E., Orsel K. 2016. "Associations between lying behavior and lameness in 

Canadian Holstein-Friesian cows housed in freestall barns." Journal of Dairy Science 99 (3): 2086-

2101. http://dx.doi.org/10.3168/jds.2015-10336 

52. Tucker C.B., Weary D.M., Fraser D. 2003. "Effects of three types of free-stall surfaces on preferences 

and stall usage by dairy cows." Journal of Dairy Science 86 (2): 521-

529. http://dx.doi.org/10.3168/jds.S0022-0302(03)73630-3 

53. Upadhyay D., Singh M., Gaur G.K., Patel B.H.M., Verma M.R., Bharti P.K., Triveni D. 2017. "Does floor 

surface affect locomotion behaviour of crossbred cows under loose housing system?" Indian Journal of 

Animal Sciences 87 (2): 159-162. 

54. van Gastelen S., Westerlaan B., Houwers D.J., van Eerdenburg F.J. 2011. "A study on cow comfort and 

risk for lameness and mastitis in relation to different types of bedding materials." Journal of Dairy 

Science 94 (10): 2878-2888. http://dx.doi.org/10.3168/jds.2010-4019 

55. Wagner-Storch A.M., Palmer R.W., Kammel D.W. 2003. "Factors affecting stall use for different 

freestall bases." Journal of Dairy Science 86 (6): 2253-2266. http://dx.doi.org/10.3168/jds.S0022-

0302(03)73816-8 

56. Weary D.M., Taszkun I. 2000. "Hock lesions and free-stall design." Journal of Dairy Science 83 (4): 697-

702. http://dx.doi.org/10.3168/jds.S0022-0302(00)74931-9 

57. Wenz J.R., Jensen S.M., Lombard J.E., Wagner B.A., Dinsmore R.P. 2007. "Herd management practices 

and their association with bulk tank somatic cell count on United States dairy operations." Journal of 

Dairy Science 90 (8): 3652-3659. http://dx.doi.org/10.3168/jds.2006-592 

58. Westphal A., Williams M.L., Baysal-Gurel F., LeJeune J.T., McSpadden-Gardener B.B. 2011. "General 

suppression of Escherichia coli O157:H7 in sand-based dairy livestock bedding." Applied Environmental 

Microbiology 77 (6): 2113-2121. 

59. Zdanowicz M., Shelford J,A,, Tucker C,B,, Weary D,M,, von Keyserlingk M,A. 2004. "Bacterial 

populations on teat ends of dairy cows housed in free stalls and bedded with either sand or 

sawdust." Journal of Dairy Science 87 (6): 1694-1701. 

 

 

 

 

http://dx.doi.org/10.18849/ve.v3i4.148
http://dx.doi.org/10.3168/jds.2015-10674
http://dx.doi.org/10.3168/jds.2009-2752
http://dx.doi.org/10.3168/jds.2015-10336
http://dx.doi.org/10.3168/jds.S0022-0302(03)73630-3
http://dx.doi.org/10.3168/jds.2010-4019
http://dx.doi.org/10.3168/jds.S0022-0302(03)73816-8
http://dx.doi.org/10.3168/jds.S0022-0302(03)73816-8
http://dx.doi.org/10.3168/jds.S0022-0302(00)74931-9
http://dx.doi.org/10.3168/jds.2006-592


 
 
Veterinary Evidence 
ISSN:2396-9776 
Vol 3, Issue 4 
DOI: http://dx.doi.org/10.18849/ve.v3i4.148 
next review date: 31st Oct 2020 

p a g e  |  46 of 46 
 

 

 

 

 

 

 

 

Intellectual Property Rights 

Authors of Knowledge Summaries submitted to RCVS Knowledge for publication will retain 

copyright in their work, and will be required to grant RCVS Knowledge a non-exclusive license 

of the rights of copyright in the materials including but not limited to the right to publish, re-

publish, transmit, sell, distribute and otherwise use the materials in all languages and all 

media throughout the world, and to license or permit others to do so. 

 

Disclaimer 

Knowledge Summaries are a peer-reviewed article type which aims to answer a clinical 

question based on the best available current evidence. It does not override the responsibility 

of the practitioner. Informed decisions should be made by considering such factors as 

individual clinical expertise and judgement along with patient’s circumstances and owners’ 

values. Knowledge Summaries are a resource to help inform and any opinions expressed 

within the Knowledge Summaries are the author's own and do not necessarily reflect the view 

of the RCVS Knowledge. Authors are responsible for the accuracy of the content. While the 

Editor and Publisher believe that all content herein are in accord with current 

recommendations and practice at the time of publication, they accept no legal responsibility 

for any errors or omissions, and make no warranty, express or implied, with respect to 

material contained within. 

For further information please refer to our Terms of Use. 

 

RCVS Knowledge is the independent charity associated with the Royal College of Veterinary Surgeons (RCVS). Our 

ambition is to become a global intermediary for evidence based veterinary knowledge by providing access to information 

that is of immediate value to practicing veterinary professionals and directly contributes to evidence based clinical 

decision-making. 

https://www.veterinaryevidence.org/ 

 

RCVS Knowledge is a registered Charity No. 230886. 
Registered as a Company limited by guarantee in England and Wales No. 598443. 

 

Registered Office: Belgravia House, 62-64 Horseferry Road, London SW1P 2AF 
 

 
This work is licensed under a Creative Commons Attribution 4.0 International License. 

http://dx.doi.org/10.18849/ve.v3i4.148
https://veterinaryevidence.org/index.php/ve/pages/view/terms-of-use
https://www.veterinaryevidence.org/
https://creativecommons.org/licenses/by/4.0/

