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A Review of Footpad Dermatitis Characteristics, Causes, and
Scoring System for Broiler Chickens
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ABSTRACT Footpad dermatitis (plantar surface footpad lesions) is an increasing problem in the global poultry industry,
affecting foot quality, overall welfare, and production performance. The growing consumer demand for chicken feet in Asian
markets has given poultry companies interest in reducing footpad dermatitis. The lesions are multiply associated with various
factors affecting the moisture content of litter such as nutrition, drinker type and management, environmental conditions (e.g.,
temperature, relative humidity, ammonia levels, ventilation rate), and flock health. This review addresses footpad dermatitis
characteristics, causes, and the assessment system to provide a guide for future research.

(Key words: animal welfare, broiler, chicken paw, footpad dermatitis)
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vkl 31 %< (footpad dermatitis; FPD)-2 ¥hale ol oA A= wule R v g A= AxE ol

A A7 7= HEA 9 F(contact dermatitis)-S- A& Q3K Jim, 2020). Luleol] A7t A71A Staphylo-
2 pododermatitis, foot burn T+ footpad lesionsBtilxE & coccus aureus\t E. coli®t 2L HAA|7F dulg & &

A t}(de Jong and van Harn, 2012). FPDE AAAH o2 7} o] oA =HH, o3 HYA= 22t FA-E oA A d5=
2o BalA dhlsln Qs Al = sz 84, Ak & © 7] 31(Shepherd and Fairchild, 2010), 13 3 o 7+
A, §&FA FelA detu™, A 20% = HE2 v dell o3 HAREE 718l ti(Mohamed, 2020).

Ehtar, Ag A9 100%7H] 2 ETHJim, 2020). €%, F aBE Vb FEEAE PPV FR 2 Hds
= % g 55 X opxo AR Aol Y] T 5 Aketr] 919 FPD A A3t A7 B et E =l
271 AR welYang, 2013), Se] 22 2% 3sl= FPD £ FPDEZA] &S v|X& 293 FPDE #4A1717] 9

o] that #4]o] zolx] 3 Itk Shepherd and Fairchild, 2010). o HES A E D, o9} #AZ HE AT S F4
SEEA] A F 2 AFHE FPDE 53 Ul 7122 <) Apek FPDe] thet A<l o] & FuAl gt
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Edo] 22 A=AY B 5 glon, ,qﬂzo] g 5
1. et mR A (FPD) £3 AW 1gE FE Age® BLI Frkde Jong and van

t} ulujclo) ,q_t,'_%,o_ 7244, %3], A9 @ gz o= Harn, 2012).

olfolA glom, A% Frd wet 1§ FHAARH o Fig. 10|48} 2o], §3 12 974 &
& I FZ7HA] %%% W ©THPié Orpi, 2020). FPDE H - A 7F dAste] Seto w2 Sojd

(A) Features of normal footpad with no lesion (n=2 feet)

[a] no lesion is visible on the footpad, with normal skin [b] a normal skin structure, with regular scales, keratin layer and
and no discolouration

epidermis of normal thickness

(B) Features of type | lesions (n=8 feet)

[a] footpad is swollen, erythematous, with slightly [b] scales are prominent, enlarged, with mild epidermal
enlarged scales hyperplasia and/or hyperkeratosis, dermal superficial
congestion oedema and mild perivascular infiltrates

(C) Features of type Il lesions (n=11 feet)

[a] a brownish exudate covers hypertrophic scales [b] a marked hyperkeratosis and hyperplasia of the epidermis,
extensive intraepidermic heterophilic pustule formation leading to
a prominent crust, and marked dermal inflammation

(D) Features of type Il lesions (n=28 feet)

[a] a marked necrotic crateriform lesion is visible, with [b] an ulceration with loss of epidermis, replaced by a
loss of epidermis and dark adherent crust; note necrosuppurative material (=adherent crust) and marked
inflammation in the dermis

similar lesions on the digits

<! 571 g9AZ 7

- -

;

Fig. 1. Macroscopic (a) and microscopic (b) features of footpads (K=keratin layer, E=epidermis, D=dermis, S=scale) (Michel et al.,

2012).
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(erythematous)©] HolH, ZAstH o 2=
Solu B2tslS(hyperkeratosis), %13 E‘:ﬂ-‘ﬂ %% (conge-

stion)Z F-F(oedema)e] EAo| St} F3 1= 1 4=
Feo g FHd Yehe AR, FEAgEstAY 24 8l
o] e AEdo R Yol vt 3 s A E 94
EAQo R Holn, A2 SEHoRE LEESESIAY %
A7} EA S Wt HE B ¢ ok F300E 7P As)
A ol Agd Bl = T/ HA7F 2 AL, Al

‘?.ﬂﬂ"%i g =] 9 TthMichel et al., 2012).
DE 1 EE % R oz, Welelc
) 89 52 AT A 2 29, £ 54 49 5
2 93-S 2 3tHde Jong and van Harn, 2012).
A= HZolA 106F9] Bt glolt S & e
dl, Staphylococcus aureus’} 68%= 714 o] AL O
™, I THEC & Enterococcus faecalis 14%, E. coli 9.43%,
Staphylococcus hyicus 4.72%, Gallibacterium anatis 2.83%,
Trueperella pyogenes 1.88%, Aerococcus urinaeequi 0.94%
o2 AE Aoz FQIEFITHOIsen et al., 2018).
78 Bo| WA E Staphylococcus] 735, ©9] -9 A

=:

ol ARk o EAshs AR AldtFelth o] #
BAA el 93 S AAlete A FEE =
SAIRE, T 5o Hutel] FA7E YA i) RS 5 U=
o] =AY, Ho] kgt JhA et HotA B A °‘—“%
TES Hedo] =ou #dd, 259 3 A4 9%

55 dodlE 9EAS XY tkSaif et al., 2003; Yuko

and Mohamed, 2020).

Azl Bol Wt 2ol AL Y Aol 23l
AEFsta e AlRte] solu FPD7F B &5l EAY sk
(Yuko and Mohamed, 2020), &% 2%=7} S ALl o &
o] WAsta, AAL W - &5 FdFE 2 FEA]F(hock
burn)¢} 2] FHAAE ELITHDunlop et al., 2016).

AAA| 28 2} Zhd Fo] b o] x| ke ¢
Al oldd AL FPD7E 714 S5 A28 v
o] Fasitt.

2. Uuietn| A (FPD) L el

FPDE B 223 2470 o4 dhsl=), 23S 2
| sk 7P 2 8912 B2 ] Aol AR 2= 1
% ALS, 29 7]%, BE3 87)(Farm Health Online, 2018),
=3t 3 44 7“5& A, &S A A 2o 9

7] de] W, 150 9 T FREQ 291S0l 23 W

U X,

[

R
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FREFS Fole %J | FthWang et al., 1998; Mayne et
al., 2007). ©]2{g FPD A2} A3ke thedsl A1ES =

e, e, xq Zviow s 4 9tk

34 54 94H U 2AE doA
AR 58 FA w5, 2o s 244 F4& "o
& FPD S 7T 71 E8tA] A7 H e A
A A gt EloNe.g., E. coli, Clostridium), 2 (Z3°])
9} coccidia B2 YA FEo|T) olelg MBEES A Al X
E XA AIAxE st n F e Z}:—lﬁ}m‘, =1
o] Hhve 29U & FEE EA, AfH o= o
i 23t B E4E8S Yo E-TKPIé Orpi, 2020). ©] €]
= e MAAE fdete AW 413 IB(Infectious

Broncheitis), A=@K Salmonella pullorum)s°] 1 THMathi-
yazhagan et al., 2018; Davies, 2020).

£4E dlEe t(cocci)e] AU F e B2 931?_5
< sh=dl, FPD7F 9l& A%, §le 750l viste] a9 <
“T-(Gram-positive coccal) 7+ ol -451 HAF $1& o] 60.5
<715t tHThether et al., 2019). HE3} Staphylococc1% d
gl.;gl o7 &AE u]—u].rﬂ— Al J,] =2 E'(;H o-"| 9,], Lu]_ =
Foll 15E FAske do| ToJriLay et al, 2011;
Heidemann Olsen et al., 2018).

o

(o3}

2) A= el £H

FPDE ditHow 24 o =g FEGE 52 4=
Yo} wizol] o7k 9o s}z 2= s *ME‘r(Berg,
2004; Dunlop et al., 2016). 23 F3-3F7Fo] 25% ©]/dd 7
F gEYol WAYFo] F7HITE HuE 3 lrh(Banrie,
2013). De Jong et al.(2015)& 22 ghko] F7kehd A
ZYgk FPDE e Wt ofyel, S A B mAE
%%ix} SRl #84 dFE UVJD}E H

(1) 2471 gef & m2
721 /\H?ﬂ—%‘toﬂ 021 Sk

Fe TAE 22 T 7P T8 A
= w57] FEish depdoltt. el Aol stA oA =
7] w7k vi WY Fte]l UF 25 4, "ol ==
Homx Zzor Wojx= &2 Fo| TV Y&y
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Fig. 2. Factors influencing and affected by litter wetness (Dunlop et al.,
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t}. FPD} #A3 AFEL 19403158 9, 87, 74
Holol| A Fg=|o] gktlShepherd and Fairchild, 2010). %<
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7} tkar sl ti(Swiatkiewicz et al., 2016).
Table 15 HH, o|yA] & A4TAE (Zel, 171 %
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22~23% & Wl 22 A ¥ Foha AlAE L Q)
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A Bl 97 53} FPD WATe] AT S Ao
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Table 1. Summary of studies on the footpad dermatitis of broiler
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Experimental
factor

Treatments

Results or conclusion

Reference

Nutrition
(energy content)

Low energy (2,750, 2,850, 2,900, and 2,900
kecal/kg) and High energy (2,950, 3,050, 3,100,
and 3,100 kcal /kg) content for starter, grower I,
grower II, and finisher diets, respectively

Moisture content of the litter in the LE
treatment was higher than HE treatment
leading to more FPD at d 36 in broilers fed the
LE program compared to broilers fed the HE
program

De Jong et al.
(2015)

Nutrition
(protein content)

Control (208 and 198 g/kg CP in the grower and
finisher phase, respec tively) and with 1%, 2%
and 3% lower diet ary CP content in each phase

Broilers fed the 2.2~2.3% units lower CP
protein feeding programs of grower and
finisher diets had a better litter quality and less
FPD

van Harn et al.
(2019)

Nutrition
(protein source)

Two protein sources (all vegetable or vegetable
plus animal)

The incidence of FPD on 35 d and 49 d, as
well as severity on 49 d were highest on
treatments receiving all vegetable protein
sources.

Cengiz et al.
(2013)

Nutrition
(fat content
and source)

Two fat contents (55 or 110 g/kg DM) and three
fat sources (mixed fat, palm oil and palm fatty
acid distillate)

High fat contents or the use of palm oil or
palm fatty acid distillate led to considerable fat
losses via excreta but this did not go along
with lower litter quality or higher FPD scores

Fuhrmann and
Kamphues
(2016)

Nutrition
(electrolyte
balances)

Four DEB values (200, 240, 280, 320 mEq/kg of
diet)

Diets with 200 mEqg/kg can be recommended
for broilers between 7 and 38 days of age to
reduce litter moisture without any negative
influence

Arantes et al.
(2013)

Nutrition
(calcium and
phosphorus)

Tr 1 = Normal calcium (Ca) and normal phosphorus
(P), Tr 2 = Low Ca and low P, Tr 3 = Normal Ca
and low P + normal phytase, Tr 4 = Nor mal Ca
and low P + high phy tase, Tr 5 = Low Ca and low
P + normal phytase, Tr 6 = Low Ca and Low P +

high phytase

The highest percentage of FPD was seen when
broilers fed the imbalanced (normal Ca and
low P) diets. Reducing addition of Ca, P by 20
~25% is practicable if done in a balanced way

Delezie et al.
(2015)

Nutrition
(trace minerals)

Three trace minerals (Zn:Cu:Mn) levels; 0:0:0 ppm
(NTM), 32:8:32 ppm (LTM), 64:16:64 ppm
(HTM)

Compared to NTM, LTM reduced area under
the curve (AUC) of FPD1 lesion scores during
d 21~42, HTM reduced the AUC of FPD
lesion scores during d 7~21 and d 21~42.
TM reduced FPD develop ment by promoting
FPD wound healing.

Chen et al.
(2017)

Nutrition
(feed enzyme
supplement)

Tr 1 = none, Tr 2 = galac tosidase, Tr 3 = xylanase,
protease, amylase, Tr 4 = amylase, xylanase and
glucanase, Tr 5 = endo-1,4-B-xylanase, Tr 6 =  —
man nanase, Tr 7 = xylanase

The prevalence and severity of FPD was not
affected by enzyme supplementation. FPD pre
valence and severity were consistent with litter
moisture

Cengiz et al.
(2012)

Nutrition
(synbiotic
supplement)

Tr 1 = none, Tr 2 = the synbiotic in-feeds
throughout the growing cycle (1,000, 500, and
250 g/ton according to feeding phase), Tr 3 =
prayed as gel droplets onto newly hatched chicks
at the hatchery (100 g/10,000 birds) during the
rearing period, Tr 4 = treated with the synbiotic
both at the hatchery and in the feed.

Only the treatment which administers synbiotics
through gel droplets at the hatchery combined
to in-feed supplementation produced significant
results in comparison with the control group;
lowering FPD occurrence at slaughter (17% vs.
5%; P<0.05).

Brugaletta et al.
(2020)
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Experimental Treatments Results or conclusion Reference
factor
Study 1 Peat moss is an acceptable bedding material, with no
: fresh shavings (FS), used shavings (US), significant effects on broiler performance and had
Litter peat moss Study 2 better paws at both d 21 and 42. Increasing litter

(bedding materials

. fresh litter (2.5 cm, 7.6 cm, 12.7 cm)

depth led to decreased moisture levels and improved

Shepherd et al.

. . . 2017
and litter depth) paw quality. A litter depth of at least 7.6 cm should ( )
be used to accommodate moisture added throughout
the flock
Litter Litter type (new/used) FPD scores for new litter significantly lower than ~ Yamak et al.
(reusing litter) those for reused litter (P<0.05). (2016)

Management
(stocking densities,

Tr 1 = chopped straw + 12 birds/m?, Tr 2
= chopped straw + 20 birds/m?, Tr 3 =
sand +12 birdsm’, Tr 4 = sand + 20

The rate of FPD was significantly higher in Tr 4
group, compared with Tr 2 group. There was no
effect of stocking density and litter type on perching,

Matkovié¢ et al.

litt . L. X 201
itter type and birds/m’ but perches proved efficient in reducing the rate of (2019)
perches) FPD
Genetic Two fast-growing broiler strains (Ross 308 A higher number (P<0.05) of Cobb broilers
(strains and and Cobb 500) and two sexes presented FPD score 1 (no lesions) both in the right ~ Martins et al.
and left feet compared with Ross broilers and FPD (2016)
gender) . .
was higher in females
. Granmtt+ coccal (Staphylococcus) infection, No  Birds have a 60.5% increased risk (RR=1.605) of
Disease . . . ... . .
. . . Gramt coccal infection dying from a Gram-positive coccal infection when  Thefner et al.
(systemic bacterial . . ..
. . having footpad lesions compared to having intact (2019)
infections)
footpads.
FPD, footpad dermatitis; CP, crude protein; DEB, dietary electrolyte balance.
1) Welfare Quality®2| FPD &54-E7| A|AH <= O(none/minor), 1(mild), 2(severe)Z Y7o FPD &

AT F=dE drEs 73 Fig 35 Fasle] e
BHE A 0~42 71 3 A9 02 a, A 1 2 b, A

3, 4 0% TR F ool 42 ol g3le] () Tk

I, - {100 — [2(a B]&, %) + 7(b H]&, %))/7}

1,7} 705,

S A HAF HRS)E (050686 x 1) -

(0.0072409 x 1,%) + (0.000081315 x 1) 2] o] &8l AF&3hH,
L7} 708 =2 75 2HF HAF (S —513.33 + (22,507 x
I,) — (0.32152 x 1Y) + (0.0015779 x I,)2]-& o]-&a #F= <l

woteh 312 WSS AR,

2) 24ll= 9 RSPCAS| FPD E&m7} AlAH

T 7S it or et Al FRE Ul &

=
FS Hrei, A 02 A7 AU 1~2 mm =

o] wj-¢- ZAY I RFEe] A, AR Felexe] A
ZIA] ?—_._1

A R4l SO Ak g 12 dH B9
3 Aol o] FofA| 11, of T F7], I ER ZA]
7} Hole A5 SHoR vk Ay 2w dnige] b
ool dFE wop TF Wb FEel= AAVE veht
o, AFE T 2e A, 2 9], 4w BF Jet
Uehte A& 54ez vk 2944 Al=ge] 4, o2
& As vEeR ofefe] s ARt ATl HF
FPD 55 AbE3itt. E 4571 80 ok 4 4, 80
~120 Ateld AF- ¢, 12080} =& AF AF2AE A

A, ARUES 127t Bas Aoz 45 W B

U5 A|AStL ItHDe Gussem et al., 2013).

%% FPD A4

el Al 2~El(Berg, 1998)S #-&-3le] FPD JE] S H7letch
(Aviagen, 2008). Fig. 3, 4014 & 5= gl%0] A5 Ao u}

= {[(0.5 x A 19] AAF) + 2 x A5 29 AAF)] /
AA =3 AAF x 100%
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Fig. 3. Footpad dermatitis assessment guide of Welfare Quality® (2009).

Superficial lesion,
discolouration

Dark papillae, no
ulceration

almost healed lesion, scar

Score 0- No lesion: Mo
lesions or very small and
superficial lesions, slight
discolouration on a limit -
-ed area, mild hyper
keratosis, old scar s. Only
the footpad should be
evaluated.

Substantial discolouration

Score  1- Mild lesion:
Substantial discolourati -
on of the footpad,
superficial lesion, dark
papillae. Only the foot-
pad should be evaluated.

Dark papillae and ulcer

Ulcer covered by crust

-\5:

Abscess/bumble foot
swollen

Score 2- Severe lesion:
Ulcers of scabs of signi -
ficant size, signs of
haemorrhages or severe -
ly swollen footpad. Only
the footpad should be
evaluated.

Fig. 4. Footpad dermatitis assessment guide by Wageningen UR Livestock Research based on the Swedish system (De Gussem et
al., 2013).
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RSPCAE Fig. 55 Zarsle] 34 2 4252] FPD7} Ho] & FHA, 32 Qs "ol L A} R B 3
A QAT 4 1 2] FPD7) Bol B 4%, et & e o] dF7IE ol&st] oA el AEd e
A3 vhtd 7Hs/dol slof JRd Aol d gtk TR 9t AR WG] AAEE AAF W FEE 50~70%= A
ofsfiof ghthar Agstar vk St dfjFolof shH, 1 o]4fe] & A% 37t Er]eh

< A Fo]oF 3ttH(de Jong and van Harn, 2012).
5. ghdjel T2 (FPD) 24 Xzt ghot

FPDE o'd3l7] fJair= 7|4 o2 dnlcto] g 2 3) AHlAL L AlM
A FREF dRYol S HAH FAAA T2 9E0] o FPA| FEF BE A 15 B
7 FAS fASe Zolth 23 FEgEE delshe o] Wo] Add = &= AE AldS a0k STH Aviagen,
RAE F3F 4o /MIAFE 98 sasixih 2008). &<} Aol Sl F71 Eolst F4E 245 A

bl OME‘r, A=A Hlo| @ FFo] Mol BEF

1 ARREE F71 WE HAS fA8N, AAY 9ele Xl gles

FPDE d|%3l7] YA 22 283 3717 A 4 FAIZ AHstodoF SFK(Pié Orpi, 2020).
NEF FS ASFEE7} felob, AR Ert 55 45
]

ol
= ) A, F971 S AR A B BSOS A4k 4) At
Al B8] FolofF FHth(de Jong and van Harn, 2012). I = 5%, F 2 22 SRS ol IS v
A AFHAR o2 FPD LA 93-S mix= Fag 82 F
2) =t7| Shfol tH(Swiatkiewicz et al., 2017). wghA, Asb7lssr o
A 2glo] o] I ste SR $|gS AF TR o] &8 A 7hAas) ol eAbs V)0 g ALRE )

Score 0 (none/minor): No lesion/s or very small and superficial (1-2mm), slight discolouration in a limited area,
mild hyperkeratosis.

-

“’u.

Score 1 (mild): Area affected does not extend over entire plantar pad, substantial discolouration, dark
papillae, superficial lesion, no ulceration.

Score 2 (severe): Greater surface of plantar pad usually affected, sometimes with lesions on toes. Deeper
lesion/s with ulceration, sometimes haemorrhage, scabs of significant size, severely swollen
foot pad.

Fig. 5. Footpad dermatitis assessment guide of RSPCA (2017).



208

et GERI 25 F5o B4 94 Asjor It =
& A& W zine 2 biotinS 38l HER] Bto] FE-8)
%=E g Fo]oF Fti(de Jong and van Harn, 2012).

/|
=

2

Ho¥0 oo

=4 A do

FPD= Sl 17, 54 3 Akl 7%
3, Zhaatdel slol AAA o T
| ©t} o]2igt FPD A& AlAF A A4
Al 2 sh=rfol] wheh 23 o] =ellx

)
T

=}

o]
2

(¢}
o "My ko

o]
H

‘10

o, oL Hu

FJE—&

& oo Ay oo v

~r
o=}
v
ol
o
2

ose o
[0 o rr oX

o
1

1

ol 471 A2 A
AN B Fa3 TAVk H3 ek deie w3
sl BAmer ohe), shie] AT A= o
u]R7] wzelc. obAlok wAe Aol A Ehel o
HA 87t Z7hgel et et
e gAgAe] B

N

o ol

e} s)9el e wvie F

ol
i=

E

-LY-“ jg r_?‘_', o0k
O e o & o By oo

P

r

|

31022020)2] ALl 23] o] FoiHFYTh

ORCID

Jin Joo Jeon
Eui Chul Hong
Hwan Ku Kang

https://orcid.org/0000-0001-7585-4746
https://orcid.org/0000-0003-1982-2023
https://orcid.org/0000-0002-4286-3141
https://orcid.org/0000-0001-8887-1318
https://orcid.org/0000-0002-5285-8186

Hyun Soo Kim

Ji Seon Son

Are Sun You https://orcid.org/0000-0001-7258-2626
Bo Seok Kang https://orcid.org/0000-0002-3438-8379
Hee Jin Kim https://orcid.org/0000-0002-6959-9790

REFERENCES

Arantes UM, Stringhini JH, Oliveira MCD, Martins PC,
Rezende PM, Andrade MA, Leandro NSM, Café MB 2013
Effect of different electrolyte balances in broiler diets. Braz
J Poult Sci 15(3):233-237.

Aviagen Brief 2008 Broiler Foot Health, Controlling Foot Pad
Dermatitis.

Banrie 2013 Managing litter moisture in broiler houses with
huilt-up litter. The poultry site. https://www.thepoultry
site.com/articles/managing-litter-moisture-in-broiler-houses-
with-builtup-litter. Accessed on September 21, 2020.

Berg C 2004 Pododermatitis and Hock Burn in Broiler Chi-
ckens. Measuring and Auditing Broiler Welfare. CA
Weeks and A. Page 37-49.

Berg CC 1998 Foot-pad dermatitis in broilers and turkeys:
prevalence, risk factors and prevention. Ph. D. Dissertation,
Swedish Univ. Agric Sci, Uppsala, Sweden.

Bilgili SF, Hess JB, Blake JP, Macklin KS, Saenmahayak B,
Sibley JL 2009 Influence of bedding material on footpad
dermatitis in broiler chickens. J Appl Poult Res 18(3):
583-589.

Bray TS, Lynn NJ 1986 Effects of nutrition and drinker design
on litter condition and broiler performance. Br Poult Sci
27:151-156.

Brugaletta G, De Cesare A, Zampiga M, Laghi L, Oliveri C,
Zhu C, Manfreda G, Syed B, Valenzuela L, Sirri F 2020

Effects of alternative administration programs of a



Jeon et al. : Footpad Dermatitis in Broilers 209

symbiotic supplement on broiler performance, Foot pad
dermatitis, caecal microbiota, and blood metabolites. Anim.
10(3):522.

Cengiz O, Hess JB, Bilgili SF 2012 Feed enzyme supple
mentation does not ameliorate foot pad dermatitis in broiler
chickens fed on a corn-soyabean diet. Brit Poult Sci
53(4):401-407.

Cengiz O, Hess JB, Bilgili SF 2013 Effect of protein source
on the development of footpad dermatitis in broiler chick
ens reared on different flooring types. Arch Gefliigelk
77(3):166-170.

Chen J, Tellez G, Escobar J, Vazquez-Anon M 2017 Impact
of trace minerals on wound healing of footpad dermatitis
in broilers. Sci Rep 7(1):1-9.

Davies 2020 How to spot and treat infectious bronchitis in bro-
ilers. https://www.fwi.co.uk/ livestock/health-welfare/how-to
-spot-and-treat-infectious-bronch it is-in-broilers. Accessed
on March. 29, 2020.

de Gussem M, van Middelkoop K, van Mullem K, Luiten EV
2013 Broiler Signals: A Practical Guide to Broiler Focused
Management. Pages 94 In: Feet and Hocks. Zutphen, The
Netherlands.

de Jong I, van Harn J. 2012 Management Tools to Reduce
Footpad Dermatitis in Broilers. Aviagen.

de Jong IC, Gunnink H, van Harn J 2014 Wet litter not only
induces footpad dermatitis but also reduces overall welfare,
technical performance, and carcass yield in broiler chic-
kens. J Appl Poult Res 23:51-58.

de Jong IC, Lourens A, Van Harn J 2015 Effect of hatch
location and diet density on footpad dermatitis and growth
performance in broiler chickens. J Appl Poult Res 24(2):
105-114.

DEFRA 1994 Poultry Litter Management. PB1739. Depart-
ment of Environment, Food and Rural Affairs, London, UK.

Delezie E, Bierman K, Nollet L, Maertens L 2015 Impacts
of calcium and phosphorus concentration, their ratio, and
phytase supplementation level on growth performance, foot
pad lesions, and hock burn of broiler chickens. J Appl
Poult Res 24(2):115-126.

Donald J, Campbell J, Simpson G, Macklin K 2009 Ten steps
to drier houses and good paw quality. National Poultry
Technology Center Newsletter. Auburn Univ, Auburn. AL.

No. 62.

Dunlop MW, Moss AF, Groves PJ, Wilkinson SJ, Stuetz RM,
Selle PH 2016 The multi dimensional causal factors of
‘wet litter’ in chicken-meat production. Sci Total Environ
562:766-776.

Ekstrand C, Algers B, Svedberg J 1997 Rearing conditions
and foot-pad dermatitis in Swedish broiler chickens. Prev
Vet Med 31:167-174.

Farm Health Online 2018 Poultry Diseases. https://www.farm
healthonline.com/US/disease-management/poultry-diseases/
footpad-dermatitis/. Accessed on October 15, 2020.

Feddes JJ, Emmanuel EJ, Zuidhoft MJ 2002 Broiler per
formance, body weight variance, feed and water intake,
and carcass quality at different stocking densities. Poult Sci
81:774-779.

Fuhrmann R, Kamphues J 2016 Effects of fat content and
source as well as of calcium and potassium content in the
diet on fat excretion and saponification, litter quality and
foot pad health in broilers. Eur Poult Sci 80:1-12.

Grimes JL, Smith J, Williams CM 2002 Some alternative litter
materials used for growing broilers and turkeys. Worlds
Poult Sci J 58(4):515-526.

Heidemann OR, Christensen H, Kabell S, Bisgaard M 2018
Characterization of prevalent bacterial pathogens associ-
ated with pododermatitis in table egg layers. Avian Pathol
47:281-285.

Jason Lorjé 2017 Electrolyte balance: Choosing the right tool
for the job. All about feed. Accessed Jan. 2017. https://www.
allaboutfeed.net/Feed-Additives/Articles/2017/1/Electrolyte-
balance-choosing-the-right-tool-for-the-job-87978E/. Accessed
on January. 15, 2017.

Jim 2020 Controlling footpad dermatitis in poultry. poultryp
roducer. https://www.poul tryproducer.com/health/controlling-fo
otpad-dermatitis-in- poultry/. Accessed on March. 22, 2020.

Lay DC, Fulton RM, Hester PY, Karcher DM, Kjaer JB,
Mench JA, Mullens BA, Newberry RC, Nicol CJ,
O’Sullivan NP, Porter RE 2011 Hen welfare in different
housing systems. Poult Sci 90:278-294.

Martins BB, Martins MRFB, Mendes AA, Fernandes BCS,
Aguiar EF 2016 Footpad dermatitis in broilers: differences
between strains and gender. Braz J Poult Sci 18(3):
461-466.



210 =

ol
fo
py
i3
=
=3
1
o
o
it
lo,
$
[
rﬁ
r [

Mathiyazhagan N, Suresh K, Deepa CA 2018 Case study on
novel natural remedy (Trichosanthes dioica Roxb.) against
bacillary white diarrhea in broiler chickens. Int J Petrochem
Sci Eng 3(2):71-73.

Matkovi¢ K, Marusi¢ D, Ostovi¢ M, Pavigi¢ Z, Matkovié S,
Kabalin A E, Luci¢ H 2019 Effect of litter type and
perches on footpad dermatitis and hock burn in broilers
housed at different stocking densities. S Afr J Anim Sci
49(3):546-554.

Mayne RK, Else RW, Hocking PM 2007 High litter moisture
is sufficient to cause footpad dermatitis in growing turkeys.
Br Poult Sci 48:538-545.

Michel V, Prampart E, Mirabito L, Allain V, Arnould C,
Huonmnic D, Bouquin SL, Albaric O 2012 Histologically-
validated footpad dermatitis scoring system for use in
chicken processing plants. Brit Poult Sci 53(3):275-281.

Mohamed MA 2020 Review: footpad dermatitis (FPD) in
chickens. Kor J Food & Health Convergence 6(4):11-16.

Oliveira MC, Arantes UM, Stringhini JH 2010 Efeito do
balango eletrolitico da ragdo sobre pardmetros 6sseos e da
cama de frango. Biotemas 23(1):203-209.

Olsen RH, Christensen H, Kabell S, Bisgaard M 2018
Characterization of prevalent bacterial pathogens associ-
ated with pododermatitis in table egg layers. Avian Pathol
47(3):281-285.

Pié Orpi J 2020 Footpad dermatitis in poultry. Veterinaria digital.
https://www.veterinariadigital.com/en/post_blog/footpad-
dermatitis-in-poultry/ Accessed on July 16, 2020.

Ritz CW, Fairchild BD, Lacy MP 2009 Litter Quality and
Broiler Performance.

Royal Society for the Prevention of Cruelty to Animals
(RSPCA) 2017 RSPCA Welfare Standards: RSPCA Wel-
fare Standards for Meat Chickens. West Sussex, UK.

Saif YM 2003 Diseases of Poultry. 11th. ed. Iowa State
University Press, Ames, lIowa USA.

Shepherd EM, Fairchild BD 2010 Footpad dermatitis in

poultry. Poult Sci 89(10):2043-2051.

Shepherd EM, Fairchild BD, Ritz CW 2017 Alternative bed-
ding materials and litter depth impact litter moisture and
footpad dermatitis. J Appl Poult Res 26(4):518-528.

Swiatkiewicz S, Arczewska WA, Jozefiak D 2017 The nutri-
tion of poultry as a factor affecting litter quality and foot
pad dermatitis - an updated review. J Anim Physiol Anim
Nutri 101(5):14-20.

Thefner ICN, Poulsen LL, Bisgaard M, Christensen H, Saif
RH, Christensen JP 2019 Correlation between footpad
lesions and systemic bacterial infections in broiler bree
ders. Vet Res 50(1):38.

van Harn J, Dijkslag MA, van Krimpen MM 2019 Effect of
low protein diets supplemented with free amino acids on
growth performance, slaughter yield, litter quality, and
footpad lesions of male broilers. Poult Sci 98(10): 4868-4877.

Wang G, Ekstrand C, Svedberg J 1998 Wet litter and perches
as risk factors for the development of foot pad dermatitis
in floor-housed hens. Br Poult Sci 39:191-197.

Welfare Quality® 2009 Welfare Quality® assessment protocol
for poultry (broilers, laying hens). Welfare Quality™
Consortium, Lelystad, Netherlands.

Yamak US, Sarica M, Boz MA, Ucar A 2016 Effect of
reusing litter on broiler performance, foot-pad dermatitis
and litter quality in chickens with different growth rates.
J Fac Vet Med, Kafkas University 22(1):85-91.

Yang X 2013 An analysis of U.S. chicken feet exports to
China. Ph. D. Dissertation, University of Georgia.

Yuko S, Mohamed EG 2020 Staphylococcosis in Poultry. MSD
veterinary manual. https://www.msdvetmanual.com/poultry
/staphylococcosis/staphylococcosis-in-poultry.Accessed on Au-
gust 22, 2020.

Received Nov. 4, 2020, Revised Nov. 26, 2020, Accepted Dec.
4, 2020



