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ABSTRACT. This study aimed to evaluate the transection of superficial digital flexor tendon 
(SDFT) and deep digital flexor tendon (DDFT) in calves with severe metacarpophalangeal flexural 
deformities (MPFD). The study comprised 17 forelimbs of 10 calves that were diagnosed at the 
Animal Medical Centre, Rakuno Gakuen University. The calves were treated via transection of 
the SDFT and DDFT with retention of the suspensory ligament, followed by external fixation 
according to a post-surgical gait test. The post-procedural prognosis was determined at 14 days 
post-surgery. Of the 17 limbs, 14 (82%) achieved non-lameness and a good prognosis. Surgical 
complications were not observed in any treated calves. The transection of SDFT and DDFT is an 
effective first-line surgical option for calves with severe MPFD.
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In cattle and horses, congenital flexural limb deformities can cause structural abnormalities in the affected limbs that lead to 
a restricted range of motion and lameness [1–4, 6, 9, 10]. In cattle, metacarpophalangeal flexural deformities (MPFDs) in the 
forelimbs are the most common type of congenital limb deformity [8, 10, 13, 15, 16]. Calves with severe MPFD may require 
surgical treatment. These surgical procedures generally treat the limbs by sequentially transecting the superficial digital flexor 
tendons (SDFTs), deep digital flexor tendons (DDFTs) and suspensory ligament until the deformity is resolved [4, 19, 20]. The 
number of transected tendons is determined intraoperatively. Generally, transection of the SDFT and DDFT is not sufficient to 
improve flexion in calves with severe MPFD [4, 11]. In this study, MPFD calves were treated via the transection of SDFT and 
DDFT while retaining the suspensory ligament. Subsequent external fixation was performed according to post-surgical gait tests. 
The calves were observed their outcome until 14 days post-surgery.

This study was conducted according to the guidelines of the Experimental Animal Research Committee of Rakuno Gakuen 
University. Ten MPFD-affected calves (age: 11 ± 11 days old, body weight: 39 ± 8 kg, breed: Holstein-Friesian) hospitalised at the 
Animal Medical Centrer, Rakuno Gakuen University. None of the calves had a scar or surgical line on the forelimbs, although Calf 
J had a limb cast at the time of admission.

Calves were diagnosed with severe MPFD via inspection, palpation and radiographs. Severe MPFD was classified according to 
previous reports in which the affected animals were forced to walk on the dorsal aspect of the pastern, fetlock or carpus [2, 16]. 
Radiographs of affected limbs were taken as described in a previous report [12] and analysed using ImageJ (V.1.48; National Institutes 
of Health, Bethesda, MD, USA). The lateral angles of the metacarpophalangeal joint (MPJ) and distal interphalangeal joint (DIPJ) 
were measured using the axis lines of the metacarpal bone and each phalanx (Fig. 1). The preoperatively measured lateromedial 
angles of MPJ and DIPJ are shown in Table 1. In this study, 17 severe MPFD forelimbs were diagnosed and examined, including 
bilateral forelimbs from seven calves and unilateral forelimbs from three calves. The mean ± standard deviation joint angles measured 
on radiographs of all 17 limbs of 10 calves were as follows: MPJ, 151.1° ± 8.8° and DIPJ 204.1° ± 3.8°. The maximum MPJ value of 
168.1°, which corresponded to the mildest case of MPFD, was measured in the right forelimb of Calf C; the minimum value of 135.0° 
was measured in the left forelimb of Calf I and corresponded to the most severe case of MPFD. The maximum and minimum values 
of DIPJ were 211.8° in the right forelimb of Calf A and 197.1° in the right forelimb of Calf H. According to a previous report [12], the 
mean joint angles in the forelimbs of normal calves were as follows: MPJ, 175.9° ± 4.6° (95% confidence interval: 174.5–177.4) and 
DIPJ, 211.9° ± 4.3° (95% confidence interval: 210.7–213.2). The MPJ values of all 17 limbs in the present study were smaller than 
that in a normal calf limb. Accordingly, the 17 limbs selected for this study appeared to be appropriate.

Surgical procedures were performed according to previous reports, with minor modifications [4, 11, 16, 19]. The calves were 
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injected intravenously with 0.1 mg/kg xylazine (2% Celactal; Bayer, Osaka, Japan) as a sedative and subcutaneously with 2.5 ml 
lidocaine (2% Xylocaine; AstraZeneca, Osaka, Japan) in the incision line as local anesthesia. A longitudinal incision with an 
approximate length of 5 cm was made on the skin over the middle metacarpal at the palmar side. Subsequently, the SDFT and 
DDFT were confirmed and separated (Fig. 2A). The SDFT and DDFT were both resected, and a 1.5-cm length of each was 
removed while paying close attention to the median nerve and median blood vessels. The surgical duration was 15–30 min per 
limb; hence, the treatment of a calf with bilaterally affected forelimbs could be completed within 60 min. This surgical procedure 
was simple, and the surgical duration was short. Suture skin lines were applied using sterilized gauze and an elastic self-adhesive 
bandage. The calves received an antibiotic prophylaxis comprising procaine penicillin for 1–3 days after surgery, and an optional 
dosage of 1 mg/kg of flunixin meglumine (Furunikishin-cyu, Meiji, Tokyo, Japan) administered intravenously if pain symptoms 
were evident. No signs of locally infected lesions, such as heat, swelling or drainage, were observed in any calf.

The calves were subjected to a gait test on a rubber floor on days 2, 7 and 14 post-surgery. After each gait test, calves were 
classified as exhibiting lameness or non-lameness. Lameness with an insufficient improvement in MPFD was defined as follows: 
an inability to place weight on the affected toe, slow movement and a back line that dropped toward the cranial side. Non-lameness 
with a sufficient improvement in MPFD was defined as follows: the ability to place weight on the affected toe and to walk 
long strides while maintaining the back line. At 2 days post-surgery, calves that exhibited non-lameness did not receive further 
treatment, whereas those that exhibited lameness were treated by the application of a polyvinyl chloride (PVC) pipe to the affected 
limbs. At 7 days post-surgery, the PVC pipe was removed if lameness had resolved. Otherwise, fiberglass tape was used for limb 
cast fixation. At 14 days post-surgery, all calves underwent a final gait test without external fixations. The calves that had achieved 
non-lameness had a good prognosis. Conversely, the calves that exhibited lameness with mild to moderate MPFD had a guarded to 
poor prognosis. All 10 calves were subsequently observed until reaching an outcome such as euthanasia, death or slaughter.

Table 1 presents the prognosis based on the gait test performed 14 days post-surgery. At 2 days post-surgery, four limbs of three 
calves had achieved non-lameness and did not require further monitoring. Conversely, PVC pipes were applied to 13 limbs of 
seven calves because of lameness (Fig. 2). At 7 days post-surgery, these seven calves underwent a repeat gait test. At that time, 
nine limbs of five calves exhibited non-lameness, resulting in the removal of the PVC pipe at 7–14 days post-surgery. Four limbs 
of two calves (Calves I and J) continued to exhibit lameness and were treated with casts. At 14 days post-surgery, all 10 calves 
underwent a final gait test after the external fixation was removed. Fourteen limbs of nine calves exhibited non-lameness (Fig. 2), 
while three limbs of two calves (Calves H and J) exhibited lameness with a guarded to poor prognosis. The cumulative results 
indicate that 14 of 17 (82%) forelimbs with severe MPFD had a good prognosis. In all treated calves, surgical complications such 
as hyper-extension of treated limbs or deformation of the healthy limbs due to excess loading were not recognized at any point 
during the observation period before the final outcomes. These results indicated that the surgical treatment was effective for MPFD 
and enabled a full return of the calves to normal activity.

In this study, only the flexor tendons in limbs with severe MPFD were transected, and the suspensory ligaments were retained. 
Generally, the transection of only the SDFT and DDFT is considered insufficient to improve flexion in a limb with severe MPFD 
[4, 7, 11, 14]. In our study, however, post-operative management enabled an improvement of flexion in nearly all the MPFD-
affected limbs. External fixation was easily applied after surgery because the flexion of the metacarpophalangeal joint was mainly 
affected by the previously transected flexor tendons. Calves that exhibited an improvement in lameness after surgery also exhibited 
a gradual improvement in MPFD.

Regarding post-surgical management, the transected SDFT, DDFT and suspensory ligaments of the MPFD calves arose from a 
destabilized carpus joint; consequently, full-limb cast fixation over the carpus joint was needed for more than 30 days post-surgery 
[4, 11, 17, 18]. Compared with previous reports, the post-surgical management period in our study was shorter and safer because 
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Fig. 1. Pre-surgical radiograph and image of Calf F. A) Radiograph of the left forelimb. (a) Metacarpophalangeal 
joint (MPJ) was 151.7°. (b) Distal interphalangeal joint (DIPJ) was 204.1°. B) Picture of Calf F from left lateral side. 
The calf was not able to walk on the foot and was forced to walk on the dorsal aspects of MPJs or carpal joints.
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Table 1. Clinical information and the results of radiographs, gait tests and prognosis of 17 forelimbs in 10 Holstein-Friesian calves with 
metacarpophalangeal flexural deformities

Limb 
No.

Animals 
ID

Affected 
limb

Age 
(days) Sex Bwa)  

(kg)
MPJb)  

(°)
DIPJc)  

(°)
External fixation Prognosis

2 days 7 days 14 days
1 A RFd) 7 Mf) 28 147.7 211.8 - - Good
2 B Lfe) 9 M 32.5 161.0 204.9 - - Good
3 C LF 6 M 49.5 148.6 203.0 - - Good
4 RF 168.1 203.2 - - Good
5 D LF 20 M Unknown 158.6 203.4 Applied - Good
6 RF 156.7 198.4 Applied - Good
7 E LF 8 Fg) 33 153.9 200.6 Applied - Good
8 RF 135.6 206.9 Applied - Good
9 F LF 6 M 38 151.7 204.1 Applied - Good
10 RF 152.2 206.3 Applied - Good
11 G LF 40 M 50.5 147.7 206.2 Applied - Good
12 H LF 10 M 42 155.4 202.9 Applied - Good
13 RF 150.1 197.1 Applied - Guarded
14 I LF 2 M 34.5 135.0 200.2 Applied Applied Good
15 RF 137.6 204.6 Applied Applied Good
16 J LF 14 M 42.5 156.8 207.5 Applied Applied Poor
17 RF 151.7 209.0 Applied Applied Poor

Mean ± standard deviation 151.1 ± 8.8 204.1 ± 3.8
a) BW, body weight; b) MPJ, metacarpophalangeal joint; c) DIPJ, distal interphalangeal joint; d) RF, right forelimb; e) LF, left forelimb; f) M, male; g) F, female.

Fig. 2. Intra-operative and post-surgical images of Calf D from left lateral side. A) The picture of (a) superficial digital flexor tendon and (b) deep 
digital flexor tendon exposed intraoperatively. B) Two days post-surgery. The calf showed difficulty to walk on the foot and was applied with 
moulded polyvinyl chloride (PVC) pipes as external fixation. C) Seven days post-surgery. The calf showed no lameness with the applied PVC 
pipes. D) Fourteen days post-surgery. Although the calf showed mild metacarpophalangeal flexural deformities (MPFD) at the left forelimb, it 
showed no lameness without PVC pipe. With growth, left forelimb with mild MPFD was improved without any treatment.
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the suspensory ligaments were retained. In young calves, these ligaments are flexible and rich in muscular substances [5]; therefore, 
the ligaments were maintained extensively against external fixation. Moreover, the tissues in the surrounding tendons recovered 
rapidly after surgery because the calves were young, and the load on the affected limbs was relatively light. This suggests that the 
transection of the SDFT and DDFT in a calf with MPFD would be unlikely to cause hyper-extension of the treated limb.

The clinical outcomes were evaluated for 14 days after surgery. Although this duration is short, it emphasized that the 
therapeutic effect was obtained fairly rapidly. As shown in the results, Calves H and J had a guarded to poor prognosis. The left 
forelimb of Calf H had the most severe DIPJ angle (197.1°). Although this calf could walk normally with external fixation, it 
exhibited lameness with mild MPFD after the external fixation was removed on day 14 post-surgery. This suggests that external 
fixation primarily corrects a deformity of the MPJ, whereas a deformity of the DIPJ is more difficult to correct. In Calf H, the 
external fixation was continued, and non-lameness was achieved at 21 days post-surgery. In contrast, the left forelimb of Calf I had 
the most severe MPJ angle (135.0°). Nevertheless, Calf I recovered to normal walking with a PVC pipe and cast fixation. In Calf J, 
the pre-surgical MPJ and DIPJ angles in the bilateral forelimbs were higher than the average values, indicating less severe flexural 
deformities in this calf relative to the other calves in the present study. However, Calf J exhibited lameness with moderate MPFD at 
14 days post-surgery and had presented with cast fixation on the bilateral forelimbs at the time of hospital admission. This fixation 
might have influenced the post-surgical recovery of the joint deformities. Possibly, casting with wrist flexion might have caused 
joint contractures and thus prolonged the treatment period.

In the present study, 13 of 17 severe MPFD limbs required post-surgical external fixation. The MPJ and DIPJ angles of these 13 
limbs exhibited a tendency toward more severe flexor deformities when compared with the angles of the other 4 limbs. In the calves 
of the present study, abnormal radiographic findings such as bone malformations and bone fractures were not observed. Hence, the 
flexor tendons and suspensory ligaments were the morphological features of concern in severely MPFD-affected limbs. External 
fixation after the transection of SDFT and DDFT effectively repaired limbs with severe MPFD, and particularly those with very 
severe deformities. We confirmed that the duration of applied external fixation after surgical treatment was shorter than those used in 
conventional methods [4, 11, 19]. However, it was difficult to define the criteria for surgery and post-surgical treatment in this study.

In summary, calves with severe MPFD were diagnosed according to clinical examinations and radiographs. The calves were 
then treated surgically via the transection of SDFT and DDFT while retaining the suspensory ligaments. After surgery, the calves 
received external fixations as needed. Consequently, 82% of the MPFD-affected limbs achieved a good prognosis within 14 days 
post-surgery, indicating a high recovery rate from severe MPFD. We conclude that positive surgical treatment involving SDFT and 
DDFT transection is a useful treatment for calves with severe MPFD.
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