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ABSTRACT. Flexural and hyperextension deformities are congenital problems in calves. We, 
therefore, aimed to investigate the distal limb conformation in 1 day- and 28-day-old female 
Holstein-Friesian (HF) calves (n=21), male Japanese Black (JB) calves (n=15), and female JB calves 
(n=15). The claw angle of the forelimb dorsal claw wall in a standing position and recorded other 
parameters, including body weight, withers height, circumference of forelimbs, and flexor tendon 
thickness in the forelimbs, were measured and compared these between the three groups. At 1 
day old, the mean claw angles were 51.1° in female HF calves, 47.0° in male JB calves, and 41.8° in 
female JB calves; the 95% confidence intervals (CIs) of the claw angles showed large distributions 
in all three groups. One female HF and one male JB calves showed mild flexural deformity, 
whereas four JB calves showed hyperextension deformity. At 28 days old, the mean claw angles 
were 51.7° in female HF calves, 51.2° in male JB calves, and 48.4° in female JB calves; the 95% CIs of 
the claw angles showed smaller distributions than those at 1 day old in all groups. For all groups, 
the limb deformities had improved without treatment at 28 days old. As a feature of the breed, 
female JB calves were apt to show hyperextended deformities inversely proportional to the body 
weight. These limb deformities healed spontaneously and were thought to be physiological.
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Musculoskeletal system diseases in cattle can result from congenital abnormalities or from acquired diseases [4]. In calves, 
congenital flexural or hyperextension deformities are presented as problems [4, 25]. Flexural deformity ranges in severity from 
mild knuckling at the fetlock to being unable to walk or stand. Similarly, the degree of hyperextension varies from weak flexors 
to walking on the palmar side of the fetlock joint. The etiology of congenital flexor or hyperextension deformities in calves is 
currently unknown. Numerous studies regarding limb conformation in adult cattle have been conducted and are used for breeding 
evaluation [9, 15, 18, 20]. However, reports regarding limb conformation in calves, including limb deformity, are scarce [24].

In newborn foals, limb deformation, including flexural and hyperextension deformities, often occurs, and several studies have 
evaluated the changes in conformation during growth [2, 16, 21]. Tendencies of limb deformation correlated with breed [21], and 
significant inter-breed differences in the distribution and severity of radiographic findings of the limb joints of foals at weaning 
have been recorded [10]. Such information could provide useful evidence for breeding and clinical treatment.

This study aimed to investigate the distal limb conformation at birth and 1 month of age in Holstein-Friesian (HF) and Japanese 
Black (JB) breeds. Because limb deformities in calves are more likely to occur in the distal forelimbs, we recorded the angle of 
the forelimb dorsal claw wall on the ground in a standing position in female HF and male and female JB calves. We measured on 
1-day-old and 28-day-old calves and analyzed these measurements of the three groups for inter-group and intra-group variability. 
The correlation between the dorsal claw angle and other measurements, including body weight, withers height, circumference of 
forelimbs, and flexor tendon thickness in the forelimbs, was also investigated.

MATERIALS AND METHODS

Animals
This study was conducted following the guidelines of the Experimental Animal Research Committee of Rakuno Gakuen 

University. The trial was conducted between October 2017 and March 2019. Fifty-five neonatal calves (21 female HF, 15 male JB, 
and 19 female JB) born at the Field Educational Center affiliated to Rakuno Gakuen University were included. In this study, 55 
calves were studied and divided into the following three groups: female HF, male JB, and female JB groups.
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According to traditional JB cow rearing, JB calves stayed with dams after birth and took colostrum from the dam. HF calves 
were immediately separated from the dam after birth and were housed in individual pens; colostrum was taken using a feeding 
bottle within 24 hr after birth. JB calves were separated from dams at 7 days old and moved into individual pens. JB calves were 
fed with milk replacement, which included 28% crude protein increasing from 800 to 1,400 g per feed twice a day for 8 to 28 days. 
HF calves were fed colostrum from the dam for the first 5 days and then fed with a milk replacement, which included 24% crude 
protein increasing from 800 to 1,400 g per feed twice a day for 6 to 28 days. All calves had access to hay, water, and calf meal. The 
calves were first examined at 24–48 hr from birth (1 day old) and again at 28 days old.

Physical examination
In the standing position, the claw angle of the forelimbs, body weight, withers height, and circumference of both forelimbs 

were measured. The claw angle was defined as the angle of the anterior axial claw wall when standing on the concrete ground and 
measured by loading to the forelimb (Fig. 1). The claw angles of both forelimbs were measured at the medial and lateral claw of 
the axial wall using a digital angle meter (Digital Angle Meter mini, Shinwa, Niigata, Japan). The claw angle obtained from an 
individual animal was defined as the average value of the four measured regions. Body weight was measured using a weighing 
machine or weighing tape measure (FHK, Tokyo, Japan), and withers height was measured using a measuring stick (FHK). The 
circumference of the forelimbs was measured using a tape measure (Shinwa). Three areas of the forelimbs: cannon (thinnest part of 
the cannon), fetlock joint (the thickest circumference of the fetlock joint above the dewclaw), and pastern (the thinnest part of the 
pastern below the dewclaw) were measured (Fig. 1). For each individual animal, the measurements of circumference were defined 
as the average values of the left and right forelimbs. Therefore, the circumference values included the average measurements of the 
cannon, fetlock joint, and pastern of both forelimbs.

Ultrasonographic examination
For ultrasonographic examination, the calves were sedated using 2% xylazine (2% Seractal; Bayer, Osaka, Japan) by 0.2 mg/kg 

intravenous administration. The calves were laid on their left side, and the hair was clipped for examination. The ultrasonographic 
examinations were conducted according to the methods previously described [7, 8] using a portable diagnostic ultrasound imaging 
system (HS-1600V; Honda-Denshi, Toyohashi, Japan) with a linear probe (HLS-884M, frequency configured 8.5 MHz). The calves 
were inspected on the pattern of both forelimbs at the lateral and medial claws. Therefore, four ultrasonographic figures of the 
deep digital flexor tendon (DDFT) and superior digital flexor tendon (SDFT), marked by the distal annular digital ligament, were 
obtained for each calf (Fig. 2).

Fig. 1. Description of the measurement of the claw angle and circumference of forelimbs. (A) The claw angle was measured in the standing position 
with the forelimb using a digital angle meter from the left lateral side. (a) Lateral claw angle on the left forelimb. (B) The picture from the dorsal 
side. A digital angle meter (gray box) was placed on the axial claw wall of the medial and lateral claw on both forelimbs. The claw angle obtained 
from an individual animal was defined as the average value of the four measured regions. The circumference of the limbs was measured at three 
areas, indicated by the dotted lines: (b) cannon; thinnest part of the cannon, (c) fetlock joint; the thickest circumference of the fetlock joint above the 
dewclaw, (d) pastern; the thinnest part of the pastern below the dewclaw. Each circumference was defined as the average value of both forelimbs.
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Image analysis
The ultrasonograms were saved as JPEG files and analyzed using image analysis software (ImageJ, v1.48, NIH, Bethesda, MD, 

USA). The maximum thickness in SDFT and DDFT was measured and indicated as millimeters (mm) in the pixel format using the 
scale on the ultrasonographic screen display (Fig. 2).

Statistical analysis
The comparisons between the first and second examinations between the three groups and the parameters were adjusted using 

the Bonferroni method after two-way ANOVA as a post hoc test. The correlations of the claw angle with the other measurements 
were analyzed using Pearson’s correlation coefficient. All statistical analyses were conducted using SPSS Statistics (v.24, IBM, 
Armonk, NY, USA). Data were expressed as means and 95% confidence intervals (CIs). For all comparisons, P-values of less than 
0.05 were considered statistically significant.

RESULTS

Measurement values and comparison of all measurements
Table 1 shows the results of all measurements by sex and breed at 1-day-old and 28-day-old, and Table 2 shows the results of 

statistical analysis by sex and breed separately at 1-day-old and 28-day-old.
The mean claw angle at 1 day old was 51.1° in female HF calves, 47.0° in male JB calves, and 41.8° in female JB calves. A 

female HF calf with a maximum claw angle of 76.0° showed mild flexor deformities of the fetlock joint, and a female JB calf with 
a minimum value of 28.3° showed mild hyperextended deformity. However, all calves could stand by themselves and could walk 
at 1-day-old. At 28-day-old, the mean claw angles were 51.7° in female HF calves, 51.2° in male JB calves, and 48.4° in female 
JB calves. The maximum value was 61.5° in a male JB calf, and the minimum value was 38.5° in a female JB calf. The minimum 
value at 1-day-old and at 28-day-old showed in different calves. All calves showed normal gait and displayed no locomotor disease. 
At 1-day-old, the 95% CIs of the claw angle showed a large distribution in all three groups, and both flexor and hyperextended 
deformities were observed. However, at 28-day-old, the 95% CIs in all groups showed a smaller distribution than those at 1-day-

Fig. 2. Description of the ultrasound imaging method for flexor tendon thickness measurement. The probe region on the forelimb showed as 
the blue box. (A) The figure from the lateral. The probe was connected to the region indicated by the white arrow. (B) Photograph of the right 
forelimb on the palmar side of the measurement region where the skin was removed. The probe was connected to the medial side of the distal 
annular digital ligament (DACL). (C) Ultrasound image of flexor tendons obtained from the medial claw of the right forelimb. Deep digital flexor 
tendon (DDFT) thickness is represented by the length of the solid arrow, and the superior digital flexor tendon (SDFT) thickness is represented 
by the dotted arrow. a; SDFT, a’; medial side of SDFT, b; DDFT, b’; medial side of DDFT, b”; Lateral side of DDFT, c; DADL, c’; medial side 
of DADL, c”; lateral side of DADL, d; skin.
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old, and the calves that had shown deformities at birth had improved spontaneously without treatment. For the claw angle, a 
significant interaction effect was not observed (P=0.161), and the claw angle in female JB calves was significantly lower than that 
in female HF calves (95% CI: 2.488–10.105, P<0.001; Table 2).

There was no significant interaction effect for body weight (P=0.179), and increases in body weight were seen at 28-day-old 
compared to 1-day-old (P<0.001), with female HF calves being heavier than male JB calves and male JB calves being heavier than 
female JB calves (female HF vs. male JB, 95% CI: 3.279–10.710, P<0.001; female HF vs. female JB, 95% CI: 8.707–15.667, P<0.001; 
male JB vs. female JB, 95% CI: 1.396–8.989, P=0.004). A significant interaction effect was observed for withers height (P=0.02): at 

Table 1. The mean and 95% confidence intervals in results of all measurements by sex and breed separately at 1-day-old and 28-day-old

1 day old 28 days old
Female HF

(n=21)
Male JB
(n=15)

Female JB
(n=19)

Female HF
(n=21)

Male JB
(n=15)

Female JB
(n=19)

Claw angle (°) 51.1 
(34.2–68.1)

47.0 
(27.6–66.3)

41.8 
(24.5–59.2)

51.7 
(44.0–59.3)

51.2 
(42.7–59.7)

48.4 
(38.5–58.2)

Body weight (kg) 42.6 
(34.0–51.3)

37.8 
(25.5–50.2)

32.9 
(27.2–38.7)

68.0 
(57.4–78.5)

58.8 
(35.6–82.0)

53.3 
(42.0–64.7)

Withers height (cm) 79.9 
(74.3–85.5)

74.9 
(67.2–82.3)

71.4 
(65.8–77.0)

88.0 
(82.9–93.1)

79.5 
(72.6–86.3)

76.2 
(70.9–81.6)

Circumsference in forelimb Cannon (cm) 105.5 
(99.9–111.1)

110.3 
(98.3–122.3)

103.2 
(93.4–112.9)

110.9 
(104.2–117.5)

118.3 
(105.1–131.4)

111.2 
(100.4–122.0)

Fetlock (cm) 175.2 
(162.7–187.6)

179.2 
(158.5–199.9)

166.1 
(148.0–184.2)

186.5 
(176.4–196.6)

191.5 
(168.8–214.1)

178.7 
(163.3–194.2)

Pastern (cm) 149.6 
(141.2–158.0)

159  
(144.7–173.3)

149.8 
(137.5–162.1)

159.5 
(150.7–168.3)

168.1 
(146.7–189.6)

158.5 
(144.8–172.2)

Thickness of flexor tendon  
in forelimb

Lateral 
DDFT

(cm) 2.3 (1.8–2.7) 2.4 (1.8–3.0) 2.4 (1.8–2.9) 2.7 (2.2–3.3) 2.9 (2.2–3.6) 2.7 (2.2–3.3)

Medial 
DDFT

(cm) 2.4 (1.9–3.0) 2.5 (1.8–3.2) 2.5 (1.9–3.0) 2.9 (2.4–3.5) 3.1 (2.3–3.9) 2.9 (2.1–3.5)

Lateral 
SDFT

(cm) 1.5 (1.1–1.9) 1.5 (1.1–1.9) 1.5 (1.1–1.8) 1.5 (1.1–2.0) 1.6 (1.0–2.1) 1.6 (1.1–2.1)

Medial 
SDFT

(cm) 1.5 (1.1–1.8) 1.5 (1.1–2.0) 1.4 (1.1–1.8) 1.5 (1.0–1.9) 1.6 (1.0–2.1) 1.5 (1.0–2.1)

HF, Holstein-Friesian; JB, Japanese Black; CI, confidence intervals; DDFT, deep digital flexor tendons; SDFT, superior digital flexor tendons.

Table 2. Measurement of results in statistical analysis by sex and breed separately at 1-day-old and 28-day-old

Two-way ANOVA Bonferroni
P value P value (95% CI)

Interaction
Variation 
between 

subgroups

Variation 
within a 
subgroup

Between female HF 
and male JB

Between female HF 
and female JB

Between male JB and 
female JB

Claw angle (°) 0.161  <0.001** 0.006** 0.494  
(−6.404–1.728)

 <0.001** 
(2.488–10.105)

0.067  
(−0.196–8.114)

Body weight (kg) 0.179  <0.001**  <0.001**  <0.001**  
(3.279–10.710)

 <0.001** 
(8.707–15.667)

0.004** 
(1.396–8.989)

Withers height (cm) 0.024*  <0.001**  <0.001** - - -
Circumsference 
in forelimb

Cannon (cm) 0.362  <0.001**  <0.001**  <0.001**  
(3.355–8.854)

1.000  
(−3.569–1.581)

 <0.001** 
(4.290–9.908)

Fetlock (cm) 0.938  <0.001**  <0.001** 0.072  
(−0.283–9.283)

 <0.001** 
(3.920–12.878)

 <0.001** 
(8.013–17.785)

Pastern (cm) 0.918  <0.001**  <0.001**  <0.001**  
(5.191–12.833)

1.000  
(−4.005–3.152)

 <0.001** 
(5.535–13.343)

Thickness of 
flexor tendon  
in forelimb

Lateral 
DDFT

(cm) 0.684 0.022*  <0.001** 0.021*  
(0.019–0.308)

1.000  
(−0.099–0.172)

0.118  
(−0.021–0.274)

Medial 
DDFT

(cm) 0.378 0.033*  <0.001** 0.103  
(−0.020–0.317)

1.000  
(−0.187–0.130)

0.042* 
(0.005–0.350)

Lateral 
SDFT

(cm) 0.868 0.746 0.091 1.000  
(−0.144–0.078)

1.000  
(−0.081–0.127)

1.000  
(−0.103–0.123)

Medial 
SDFT

(cm) 0.362 0.171 0.326 0.189  
(−0.193–0.025)

1.000  
(−0.128–0.076)

0.612  
(−0.053–0.170)

HF, Holstein-Friesian; JB, Japanese Black; CI, confidence intervals; DDFT, deep digital flexor tendons; SDFT, superior digital flexor tendons. *P<0.05; **P<0.01.
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1-day-old, withers height was higher in the order of female HF 
calves, male JB calves, and female JB calves (female HF vs. 
male JB, 95% CI: 2.528–7.815, P<0.001; male JB vs. female 
JB, 95% CI: 0.664– 6.066, P<0.010; female HF vs. female 
JB, 95% CI: 6.060–11.013, P<0.001). Similar to the results at 
1-day-old withers height was also higher in the order of female 
HF calves, male JB calves, and female JB calves (female HF vs. 
male JB, 95% CI: 6.129–10.985, P<0.001; male JB vs. female 
JB, 95% CI: 0.749–5.711, P=0.007; female HF vs. female JB, 
95% CI: 9.513–14.061, P<0.001) at 28-day-old. Both body 
weight and withers height were greater in the order of female 
HF calves, male JB calves, and female JB calves.

For the circumference of the limbs, there were no significant 
interactions at all three parts of the limbs, and the limbs were 
thicker at 28-day-old than those at 1-day-old (Table 2). Male JB 
calves had thicker limbs than the other two groups according to 
the circumference of the cannons (male JB vs. female HF, 95% 
CI: 3.355–8.854, P<0.001; male JB vs. female JB, 95% CI: 
4.290–9.908, P<0.001) and pasterns (male JB vs. female HF, 
95% CI: 5.191–12.833, P<0.001; male JB vs. female JB, 95% 
CI: 5.535–13.343, P<0.001), and female JB had thinner limbs 
than the other two groups according to the fetlock measurements 
(female JB vs. female HF, 95% CI: 3.920–12.878, P<0.001; 
female JB vs. male JB, 95% CI: 8.013–17.785, P<0.001). Male 
JB calves had thicker limbs than calves in the other two groups 
according to the cannon and pastern measurements. For fetlocks, female JB calves had thinner limbs than those of the other two groups.

There were no significant interactions for either SDFT or DDFT (Table 2). It was shown that the DDFT at 28-day-old was 
significantly thicker than that at 1-day-old (both lateral and medial claw; P<0.001). Furthermore, DDFT in the lateral claw of male 
JB calves was significantly thicker than that of female HF calves (95% CI: 0.019–0.308, P=0.021), and the DDFT in the medial 
claw of male JB calves was significantly thicker than that of female JB calves (95% CI: 0.005–0.350, P=0.041). DDFT in male JB 
calves thickened with growth and was more distinct in this group than in the other groups. However, the thickness of SDFT did not 
show any significant differences.

Correlation between claw angle and other measurements
We investigated the correlations between claw angle and body weight, withers height, circumference of forelimbs, and flexor 

tendon thickness in forelimbs separately for the three groups. A significant positive correlation coefficient of R=0.714 (P<0.001) 
between claw angle and body weight was observed in female JB calves at 1-day-old (Fig. 3). However, the correlation coefficient 
between claw angle and body weight in female JB calves at 28 days old was R=0.158 (P=0.518), indicating no correlation. 
The correlation between claw angle and body weight of female HF calves and male JB calves was not significant. Correlation 
coefficients less than −0.7 or higher than 0.7 were not found for the other measurements.

DISCUSSION

In the present study, distal limb conformation was investigated using the measurements of claw angles and limb support tissues 
in forelimbs in HF and JB calves at 1-day-old and 28-day-old. Immediately after birth, the claw angles varied among individuals, 
including flexed and hyperextended limbs, regardless of breed, but in all three groups, calves had improved without treatment 
after 28 days. There was a tendency for immaturity in JB calves compared to HF calves for body weight and limb support tissues, 
especially female JB calves, who were apt to show hyperextended deformities in an inverse ratio to their body weight. It was 
thought that body weight and withers height may be affected by differences in breed and sex. Male JB calves were born with and 
grew thicker limbs compared to the other groups and had a more apparent concomitant increase in DDFT thickness. The results of 
the present study indicate that the claw angle of calves immediately after birth varies greatly among individuals. Even calves that 
showed mild flexural and hyperextended deformities healed spontaneously, regardless of breed and sex, if they could stand and 
walk.

Blood components at and after birth differ between HF and JB calves [17, 22]. Reportedly, colostrum composition differs 
between breeds, as well as calf immunity and growth rate. Several studies have evaluated limb conformation in adult cows as 
a genetic assessment, along with hoof disease assessment [9, 15, 18, 20]. However, reports on limb conformation in newborn 
calves, including breed-specific differences, are limited. In the present study, between- and within-group comparisons of changes 
from 1-day-old to 28-day-old in physique and forelimbs were investigated in female HF calves, male JB calves, and female JB 
calves. The average claw angle in female HF calves was 51° at both 1-day-old and 28-day-old, and they were born bigger and 
maintained their size with growth compared to male JB calves. The ideal claw toe angle of an adult dairy cow has been reported to 

Fig. 3. The correlation between claw angle and body weight in 
female Japanese Black calves at 1 day old. A significant positive 
correlation coefficient was found (R=0.714; P<0.001).
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be approximately 50° [3, 13, 14]. The real toe angles of the claws were not measured in this study. However, because calves with 
a claw angle close to 51° when stood with the entire sole, 51° was considered a physiological toe claw angle for calves. In female 
HF calves, claw angle correlated with an increase in withers height growth, and it also correlated with slimmer forelimb thickness 
and DDFT thickness in male JB calves. Therefore, female HF calves were born in mature state and grew slimmer than male JB 
calves. Most female HF calves showed normal limb conformation after birth, with only one calf exhibiting mild flexor deformities. 
The calf showed over 70° on claw angle and did not touch the heel on the ground.

JB calves are genetically characterized by their smaller body size and extremely lightweight at birth compared with other breeds 
[6]. In this study, we found that male JB calves were smaller than female HF calves in body weight and withers height, but they 
grew with thicker limbs and thicker DDFT. Male JB calves were more likely to present with hyperextended deformities than 
flexural deformities, probably because of their low birth weight, but showed normal limbs at 28-day-old without treatment. Female 
JB calves were the smallest of the three groups in terms of body weight and withers height. Because of the average claw angle at 
1-day-old (42°), no female JB calves had flexural deformities, but the number of calves showing hyperextended deformities was 
the highest among the three groups. Even at 28-day-old, the average claw angle was 48°, which was small at 1 month of age, and 
the limb and DDFT thicknesses were also thinner than those of male JB calves. From the results of this study, it was suggested 
that newborn JB calves showed not only light body weight but also immature limb support structures. Especially in female JB 
calves, immature limb support structures showed not only at 1-day-old but also at 28-day-old. In male JB calves at 1-day-old, it 
was thought that light body weight caused immature and unbalanced in limb support. Consequently, one male JB calf showed 
hyperextended deformities despite thick DDFT. The calf showed under 30° on claw angle and did not touch the toe on the ground. 
In palpation, the distal limb joint gives the impression of loose soft tissue around the joint rather than being pulled by the extensor 
tendons. With weight gain and exercise load on the limb, it was thought that the DDFT developed to function at 28-day-old due to 
the development of the support function of the limb.

Neonatal foals show various limb deformities, including carpal valgus, fetlock valgus, over-at-the-knee, dropped fetlocks, club 
feet, and fetlock varus [21]. A high percentage of newborn foals with limb deformities immediately after birth have been reported, 
but most foals have healed spontaneously by the time they are weaned [2, 11, 16, 23]. In newborn calves, limb deformities are most 
commonly caused by flexor deformities in the fetlock joint [1, 19, 25]. Most limb deformities with palmar/dorsal flexion or dorsal 
hyperextension are mild and have a good prognosis [4, 5, 12]. One female HF and one male JB calves in the present study showed 
flexor deformities in the fetlock joint, but all calves had mild symptoms that resolved spontaneously. One male JB calf showed 
forelimb flexor deformities of the carpus joint, which improved without treatment by 28 days of age. In foals, there are significant 
limb conformational differences between the breeds, especially in the first months of life [21]. In the present study, we compared 
HF calves and JB calves and found that JB calves were more likely to exhibit hyperextended deformities. The results suggest that 
understanding the peculiarities of specific breeds may be useful for evaluating individual calf conformation.

To conclude, limb conformation in newborn calves was shown in some limb deformities, such as mildly hyperextended and 
flexor deformities, regardless of breed, and a tendency of hyperextended deformities in low-weight JB calves was observed as a 
characteristic of the breed. However, these limb deformities healed spontaneously and were believed to be physiological. This work 
will contribute to the evidence of the breed characteristics of calves.
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