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Abstract

Background: Digital flexor tendon sheath (DFTS) pathology is an important cause of

lameness in horses. The outcome after surgical treatment is variable and depends on

the exact diagnosis.

Objectives: To (1) describe the prevalence of lesions associated with lameness

caused by nonseptic DFTS tenosynovitis in a large population of German sports

and pleasure horses; (2) determine the sensitivity and specificity of diagnostic

imaging techniques for identifying lesions within the DFTS with tenoscopic diag-

nosis being the gold standard; (3) explore associations between tenoscopically

diagnosed lesions and signalment, purpose, and limb affected; and (4) describe

the outcome following DFTS tenoscopy with nonseptic DFTS tenosynovitis in

this population.

Study design: Retrospective case series.

Methods: Medical records of horses admitted for tenoscopic surgery of nonseptic

DFTS tenosynovitis between 2011 and 2020 were reviewed. Follow-up information

was obtained via telephone contact. Sensitivity and specificity of ultrasonography

and contrast tenography were determined using tenoscopic diagnosis as gold stan-

dard and univariable analysis was used to explore associations between signalment,

case history, and tenoscopic diagnosis.

Results: Medical records from 131 horses were retrieved, of which 8 horses had

bilateral disease and 6 horses were presented for tenoscopy on two separate occa-

sions (3 for tenoscopy in the same limb, 3 in a different limb), thus, making a total of

145 limbs. Lesions were most commonly diagnosed in the deep (DDFT; n = 55 limbs)

and superficial (SDFT; n = 55 limbs) digital flexor tendons. Manica flexoria

(MF) lesions were detected in 44 limbs and palmar/plantar annular ligament (PAL)

constriction in 99 limbs. In 36 limbs, only one structure within the DFTS was injured,

whereas in 109 limbs a combination of lesions was noted, the most common being

the combination of a SDFT lesion with PAL constriction. All affected limbs were
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examined with diagnostic ultrasonography; contrast tenography was performed in

86 limbs. For diagnosis of MF and DDFT tears, tenography was more sensitive (89%

[confidence interval, CI: 65.4%–95.2%]; 72% [CI: 46.4%–89.3%], respectively) than

specific (64% [CI: 52.5%–77.6%]; 53% [CI: 42.2%–73.3%], respectively) whereas

ultrasonography was more specific (92% [CI: 84.5%–96.3%]; 92% [CI: 83.6%–96.0%])

with lower sensitivity (64% [CI: 47.7%–77.2%]; 54% [CI: 39.5%–67.9%]). For SDFT

lesions, ultrasonography was highly specific (94% [CI: 86.9%–97.9%]) with lower sen-

sitivity (66% [CI: 51.3%–77.4%]). Follow-up information following first surgery was

obtained for 118 horses (132 limbs): 18 (15.3%) of 118 horses remained chronically

lame, 40 (33.8%) performed at a reduced level and 60 (50.8%) performed at the same

or higher level following rehabilitation after tenoscopy. Horses with DDFT lesions

had the poorest outcomes with only 36.6% returning to the same or higher level of

exercise.

Main limitations: Retrospective analysis of clinical records and subjective outcome

assessment based on owner follow-up with potential recall bias. Findings on diagnos-

tic imaging are impacted by many factors including equipment quality and operator

expertise and experience.

Conclusion: Diagnostic imaging techniques were complimentary and contrast teno-

graphy was sensitive and ultrasonography was specific for the diagnosis of MF and

DDFT lesions. Following tenoscopic surgery for nonseptic tenosynovitis of the DFTS,

approximately half the cases were able to return to preinjury level of exercise.
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1 | INTRODUCTION

The digital flexor tendon sheath (DFTS) extends from the middle third

of the second phalanx to a level approximately 4–7 cm proximal to

the proximal sesamoid bones.1 The two main structures confined

within the DFTS are the superficial digital flexor tendon (SDFT) and

the deep digital flexor tendon (DDFT). The DDFT is surrounded by

the manica flexoria (MF), a collar of tendinous tissue that is attached

to the SDFT and wraps around the DDFT proximal to the metacarpo/

metatarsophalangeal joint.2–4 The palmar/plantar annular ligament

(PAL) forms the wall of the DFTS as it attaches to the abaxial surface

of the proximal sesamoid bones.2

Nonseptic tenosynovitis of the DFTS may be associated with

DDFT3,5,6 and SDFT7 tendonitis, MF tears4,5,8,9 and PAL2,10,11 desmi-

tis. With a reported prevalence of 59% and 30%, respectively, DDFT

and MF lesions are the most common causes of nonseptic DFTS teno-

synovitis in the horse.5 MF tears are frequently diagnosed in hin-

dlimbs with a greater incidence found in Cobs and ponies compared

with other breeds.8,9 DDFT lesions have been detected in forelimbs

more often than hindlimbs.3,5

The initial diagnosis of DFTS pathology is often based on diagnos-

tic analgesia followed by ultrasonographic examination and contrast

radiography of the DFTS. Ultrasonography has limited accuracy for

the diagnosis of intrasynovial tendinous lesions, with a particularly

low sensitivity and specificity reported for the detection of MF and

DDFT tears.5,6 Contrast tenography offers added diagnostic value,

especially for the detection of MF tears where a sensitivity as high as

96% and a specificity of up to 80% have been reported.8,9 Magnetic

resonance imaging is useful for the diagnosis of marginal tears of the

SDFT or DDFT, and PAL desmitis, and proximal or distal digital annu-

lar desmitis.12,13 Ultimately, tenoscopic examination of the DFTS

under general anaesthesia appears to be the most reliable technique

to confirm the presence of marginal tendon lesions associated with

nonseptic DFTS tenosynovitis and tenoscopy also facilitates immedi-

ate treatment of lesions detected during the surgical procedure.3,5

The prognosis for horses with nonseptic DFTS tenosynovitis fol-

lowing DFTS tenoscopy may be variable and depends on the affected

structure and lesion severity. In general, tenoscopic removal of the

MF is associated with a better prognosis when compared with longi-

tudinal tears of the DDFT.3–6 However, the predisposition of certain

breeds to, and limbs affected by specific lesions, as well as lesions

occurring singularly or in combination, may influence the prognosis.

There are a limited number of studies evaluating the diagnosis

and outcome following DFTS tenoscopy with nonseptic DFTS teno-

synovitis. Our objectives were to (1) describe the prevalence of

lesions associated with lameness caused by nonseptic DFTS
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tenosynovitis in a large population of German horses, (2) determine

the sensitivity and specificity of diagnostic imaging techniques for

identifying lesions within the DFTS with tenoscopic diagnosis being

the gold standard, (3) explore associations between tenoscopically

diagnosed lesions and signalment, purpose and limb affected and

(4) report the outcome following DFTS tenoscopy with nonseptic

DFTS tenosynovitis in this population.

2 | MATERIALS AND METHODS

2.1 | Study population and clinical examination

Medical records were searched to identify surgeries in which DFTS

tenoscopy was performed at the equine clinic between November

2011 and March 2020. All lesions diagnosed tenoscopically were

noted and categorised as affecting DDFT, SDFT, MF and/or PAL.

Before tenoscopy, pain had been localised to the distal limb using

diagnostic analgesia: low 4-point block in forelimbs, low 6-point block

in hindlimbs or intrasynovial DFTS anaesthesia. Horses undergoing

tenoscopy for septic or contaminated DFTS tenosynovitis were

excluded.

The following data were collected: sex (categorised as mare, geld-

ing, stallion), age (range and median in years), breed (categorised as

Warmblood, pony, Cob-type, Standardbred and other) and purpose

(categorised as showjumping, dressage, pleasure riding and other).

The duration of lameness (months) and previous treatment was

recorded. Clinical findings before each tenoscopy were described as

the presence of DFTS effusion (categorised as mild–moderate or

severe), any other swelling, degree of lameness using the AAEP grad-

ing system and response to diagnostic analgesia.

2.2 | Diagnostic imaging techniques

Preoperative diagnostic imaging included radiography, contrast radi-

ography, and ultrasonography. All images were examined and classi-

fied by one clinician (A.N.C.). Four standard radiographic views

(lateromedial, dorsopalmar/dorsoplantar, dorsolateral-palmaro/

plantaromedial oblique and palmaro/plantarolateral-dorsomedial obli-

que) were obtained to identify concurrent osseous abnormalities. For

contrast tenography, mepivicaine hydrochloride (5–8 ml; Scandicain;

AstraZeneca GmbH) mixed with iopamidol contrast solution (5–8 ml;

Solutrast 300; Bracco Imaging Deutschland GmbH) was injected into

the affected DFTS using a standard approach at the axial margin of

the lateral sesamoid bone.1,14 Radiographic findings were recorded

and contrast tenograms were evaluated based on previous descrip-

tions.8,9 Briefly, contrast accumulation dorsal to the DDFT at the level

of the MF and/or the presence of one instead of two radiopaque lines

at the level of the MF and/or the dorsal of the two parallel lines not

extending distally to meet the proximal border of the proximal sesa-

moid bones was indicative of a MF tear. Longitudinal DDFT tears

were suspected if a longitudinally oriented accumulation of contrast

was present within the outline of the DDFT, at the level of or distal to

the proximal sesamoid bones.

Ultrasonographic images were obtained using a 7.5 or 10 MHz

linear transducer (Esaote MyLab Five VET or TOSHIBA Aplio500).

The presence of DFTS effusion, lesions of the DDFT, SDFT, MF and

PAL were recorded. The ultrasonographic changes that were consid-

ered indicative for a lesion of the DDFT or SDFT included an irregular

surface and intratendinous hypoechoic areas, reduced linear echo

alignment and extra-tendinous hyperechoic material associated with

the tendon. MF tears were suspected if it was not possible to identify

the MF borders ultrasonographically; if the borders of the SDFT were

irregular at the level of the MF or if there was hyperechoic material

associated with the MF margins. PAL desmitis was defined as thicken-

ing of the PAL >2 mm.

2.3 | Tenoscopy

Tenoscopy was performed by one of five ECVS board certified equine

surgeons. Horses were anaesthesised and placed in lateral recum-

bency with the affected limb positioned upper- or lowermost,

depending on the localisation of the suspected lesion. Following asep-

tic preparation, the DFTS was distended by injection of sterile polyio-

nic isotonic fluids (lactated Ringer's solution; Braun GmbH) and a stab

incision using an #11 blade was made into the distended lateral or

medial pouch of the DFTS between the PAL and proximal digital

annular ligament to introduce a 4 mm 30� forward oblique endoscope

(Karl Storz Veterinary Endoscopy).15 An instrument portal was created

in the ipsilateral proximal pouch of the DFTS under arthroscopic guid-

ance and a hook probe was introduced to palpate the different struc-

tures within the DFTS. An Esmarch bandage was only applied in

surgeries where excessive bleeding was present during surgery.

Tenoscopic findings and surgical treatment were recorded based

on the surgery report and endoscopic images were reviewed by the

one clinician (A.N.C.) who classified tendon lesions subjectively as

mild, moderate or severe, depending on the amount of tendon fibrilla-

tion, size (<2, 2–7 and >7 cm) and depth (<2, 2–5, >5 mm) of the

lesion. The hook probe was used as reference to measure the size and

depth of the lesions. MF pathology was categorised as mild (localised

fibrillation), moderate (focal tear) or severe (complete rupture of the

MF border from its attachment on the SDFT) (Figure 1). PAL constric-

tion was diagnosed in those surgeries where the surgeon had diffi-

culty manoeuvring the tenoscope inside the fetlock canal due to

insufficient space.

Tendon lesions such as fibrillation or granulomas were debrided

either with motorised synovial resectors (Shaver System Unidrive SIII

Arthro SCB; Karl Storz Veterinary Endoscopy) (Figure 2) or manually

using an arthroscopic suction punch. Arthroscopic rongeurs were also

used to remove loose tendon fibres or to break down adhesions

between the DFTS and the flexor tendons.

MF lesions classified as mild to moderate were locally trimmed

with the arthroscopic punch whereas severe lesions were managed

with total MF resection. Resection was accomplished by using a hook
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knife in combination with arthroscopic scissors and/or an arthroscopic

micro scalpel, as described previously.16 If judged necessary by the

surgeon depending on the surgical findings, desmotomy of the PAL

was performed under endoscopic guidance using a hook knife in a dis-

toproximal direction.

Flunixin meglumine (Flunidol; 1.1 mg/kg bwt. p.o.; CP-Pharma

Handelsges mbH) was administered perioperatively; one dose before

surgery and once daily for 2–5 days after surgery, depending on the

level of comfort on the operated limb. Bandaging was maintained for

2 weeks after tenoscopy. Horses remained on box rest for 3 weeks,

followed by 2 months of hand walking and/or paddock turnout.

Horses were reassessed 10 to 12 weeks after tenoscopy. Variable

rehabilitation was individually adjusted based on the severity of the

original lesion as well as clinical progress and ultrasonographic find-

ings during repeated evaluation.

2.4 | Outcome

Follow-up information was obtained from case records and a struc-

tured telephone conversation with the owner (Supporting Information

Item S1). The first 6 months after tenoscopy were regarded as short-

term follow-up. Long-term follow-up was defined as the period of

time following 6 months after tenoscopy. Information about postoper-

ative complications, period of convalescence, and current perfor-

mance level of the horse was recorded. Outcome was described but

Palmar

Proximal Proximal

MF
MF

DDFT
DDFT

Dorsal

Distal Distal

(A) (B) (C)

F IGURE 1 (A) Tenoscopic view of the digital flexor tendon sheath (DFTS); the tenoscope is inserted at the level of the base of the lateral
proximal sesamoid bone and directed to the proximal pouch of the tendon sheath. View of a minor fibrillation seen at the distal margin of the
manica flexoria (MF); this lesion was classified as mild. (B) Tenoscopic view of a case with complete rupture of the MF, categorised as severe.
Note the complete separation of the MF (arrow) from its medial attachment. DDFT, deep digital flexor tendon. (C) Contrast tenogram of the
DFTS corresponding with the case shown above with a rupture of the MF. Note the manica flexoria is not present (only one line, instead of two,
at the level of the MF proximal to the proximal sesamoid bones) (arrow)

Palmar

Proximal

DDFT

SDFT

SDFT

SR
PAL

DDFT

DDFT

PAL

SDFT

Distal

(A) (B) (C)

F IGURE 2 (A) Tenoscopic view of a severe longitudinal tear at the lateral margin of the superficial digital flexor tendon (SDFT) distal to the
level of the manica flexoria. The tenoscope is inserted at the level of the base of the lateral proximal sesamoid bone and directed to proximal.
Torn tendon fibres can be seen protruding into the lumen of the digital flexor tendon sheath. (B) Motorised synovial resector (SR) was introduced

via an ipsilateral proximal instrument portal for debridement of the torn tendon fibres. Transection of the palmar annular ligament (PAL) was
additionally performed. (C) Tenoscopic view of the same SDFT lesion after debridement. DDFT, palmar border of the deep digital flexor tendon
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not formally analysed statistically. The pre- and post-operative perfor-

mance was compared by the owner and outcome categories were

defined as retired due to chronic lameness; returned to exercise at a

lower level or returned to exercise at the same or higher level. Horses

were considered lost to follow-up when the owner could not be

reached after four attempts. Horses that were euthanised due to

DFTS pathology were added to the ‘chronic lame’ outcome group.

Where horses were euthanised for reasons unrelated to DFTS pathol-

ogy, they were considered to be lost to follow-up. For horses which

underwent bilateral tenoscopy during the same anaesthesia, for

description of the impact of lesion on outcome, lesions were cate-

gorised on the basis of the most severely affected limb. The outcome

of each horse was described once regardless of whether tenoscopy

was performed unilaterally or bilaterally (i.e., using horse as unit for

description not limb). Where horses underwent repeated tenoscopy

during a later anaesthesia, these individuals were assigned to one of

the three outcome groups based on their status immediately before

the repeat procedure.

2.5 | Data analysis

Data were analysed using SPSS Version 25 Software (IBM SPSS Sta-

tistics for Windows; IBM Corp.). The tenoscopically diagnosed lesions

of the DDFT, SDFT, MF and PAL were each dichotomised into

affected and not affected. The sensitivity and specificity with 95%

confidence intervals of ultrasonography and contrast tenoscopy for

lesion detection (MF and DDFT both imaging techniques; SDFT

ultrasonography only) were calculated using the tenoscopic diagnosis

as the gold standard. Lesion was used as unit of analysis regardless of

whether it was identified unilaterally, bilaterally or before a repeated

tenoscopy.

Chi-square, Fishers exact and Wilcoxon rank sum tests were per-

formed for each tenoscopically diagnosed lesion category to examine

associations between each lesion category and age, sex, breed, pur-

pose and affected limb (fore- vs. hindlimb). For this analysis, lesion

category was dichotomised into affected and not affected. Breeds

were also dichotomised, for example, pony breed or nonpony breed

and Cob-type or non-Cob-type. Continuous data are presented as

range and median and categorical data as percentages. The unit of

analysis for determining the association between signalment, use, and

fore versus hindlimb was the lesion regardless of whether it was iden-

tified unilaterally, bilaterally or before a repeated tenoscopy.

3 | RESULTS

3.1 | Study population and clinical examination

In total 131 horses with nonseptic DFTS tenosynovitis underwent

145 surgeries (Figure 3). In eight horses bilateral tenoscopy was per-

formed during the same anaesthesia (i.e., accounting for 16 limbs). Six

horses underwent DFTS tenoscopy on two separate occasions due to

persistence or recurrence of lameness (12 limbs). In three of these

horses, repeated tenoscopy was performed on a different limb

14, 16 and 18 months after the initial tenoscopy. In three horses,

1 horse euthanised intra-operatively

6 horses owners
uncontactable

130 horses survived to discharge

131 horses underwent DFTS tenoscopy (8 bilateral, 6 repeated i.e., 145 limbs)

40 returned to lower level
of exercise

1 horse repeat surgery
another limb

2 horses repeat surgery
another structure in same
limb

60 returned to same/higher
level of exercise

2 horses repeat surgery
another limb

1 horse repeat surgery
another structure in same
limb

6 horses euthanised within 6

18 horses: lameness persisted

14 horses retired due
to chronic lameness

3 horses
euthanised
within 6
months
related to
DFTS

1 horse
euthanised
at 14
months
related to
DFTS

months unrelated to DFTS

F IGURE 3 Flow chart illustrating case inclusion, follow-up and outcome after tenoscopy
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repeated tenoscopy was performed on the same limb 17, 20 and

24 months after the initial tenoscopy. In these three horses, injury to

a different structure was identified at the second surgery.

The cases included 75 mares, 53 geldings and 3 stallions aged

1–23 years (median age: 13.2 years). Breeds consisted of 61 Warm-

bloods, 28 ponies, 17 Cob-type horses (Welsh Cob, Haflinger, Tinker

and Norwegian horses), 4 Standardbreds and 21 horses categorised as

‘other’ including American Quarter Horse, Appaloosa, Paint Horse,

Pura Raza Española, Arabian and Draught horse breeds. Horses were

used for the following purposes: showjumping (n = 16), dressage

(n = 33), pleasure riding (n = 70) and other purposes (n = 12).

The duration of lameness before tenoscopy ranged from 1 to

24 months with a median of 4 months. In 33 horses it was less than

4 weeks, in 76 horses 5–16 weeks, in 11 horses 17–48 weeks and

this information was not available for 11 horses. Rest and systemic

administration of nonsteroidal anti-inflammatory drugs was the most

common treatment horses had received before hospital admission

(82 horses); 12 horses had intrasynovial medication with steroids

alone or in combination with hyaluronic acid; 3 horses had previous

surgery of the affected limb (extrasynovial PAL desmotomy performed

at another clinic), 22 horses had not received any previous treatment

and for 12 horses this information was not available.

On clinical examination, distension of the DFTS was identified in

103 limbs before tenoscopy, varying from mild–moderate (53 limbs)

to severe (50 limbs). Before tenoscopy, there was a diffuse swelling at

the level of the palmar/plantar fetlock in 28 limbs; the remaining limbs

undergoing tenoscopy did not show any obvious abnormalities. All

horses were lame at admission or had a history of lameness, with a

median grade of 2/5, range 1/5–4/5. Lameness improved or resolved

in all horses following a low 4-point or 6-point block or intrasynovial

analgesia of the DFTS.

3.2 | Diagnostic imaging

Radiographs of the fetlock area were available for 127 limbs. Bone

remodelling and irregular new bone formation at the palmar/plantar

aspect of the proximal sesamoid bones was detected in 28 limbs.

Other findings including bone remodelling at the palmar/plantar

aspect of the first or second phalanx or a longitudinal radiopacity pal-

mar/plantar to the metacarpo/metatarsophalangeal joint correspond-

ing with calcification of the soft tissues in 28 limbs. There were no

radiographic abnormalities found in 71 limbs.

Preoperative contrast DFTS tenography was performed in

86 limbs. The MF appeared to be intact in 50 limbs whereas 3 limbs

had abnormal orientation of the MF and 33 limbs had one radiopaque

line delineating the MF instead of two.8,9 In seven limbs, linear con-

trast accumulation was found within the outline of the DDFT which

was considered indicative of a DDFT tendinitis (Figure 4). The sensi-

tivity of contrast tenography for detection of MF tears was of 89%

(confidence interval [CI]: 65.4%–95.2%) with specificity of 64% (CI:

52.5%–77.6%) and its sensitivity for diagnosis of DDFT tears was

72% (CI: 46.4%–89.3%) with specificity of 53% (CI: 42.2%–73.3%).

The ultrasonographic findings are listed in Figure 5 and included

DDFT lesions (35 limbs), SDFT lesions (41 limbs), MF lesions (36 limbs),

PAL desmitis (99 limbs) and distension of the DFTS (119 limbs). For the

diagnosis of MF tears, ultrasonography had a sensitivity of 64% (CI:

47.7%–77.2%) and a specificity of 92% (CI: 84.5%–96.3%). For the diag-

nosis of DDFT lesions, ultrasonography had a sensitivity of 54% (CI:

39.5%–67.9%) and a specificity of 92% (CI: 83.6%–96.0%). For the detec-

tion of SDFT lesions, ultrasonography had a sensitivity of 66% (CI:

51.3%–77.4%) and specificity of 94% (CI: 86.9%–97.9%). PAL desmitis

F IGURE 4 Contrast radiography of the digital flexor tendon
sheath of a horse with a longitudinal tear at the deep digital flexor
tendon (DDFT). See the linear contrast accumulation within the
outline of the DDFT (arrows)

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
PAL DDFT

lesion
SDFT
lesion lesion distensiondesmitis

mild moderate severe not affected

MF DFTS

F IGURE 5 Distribution of the different digital flexor tendon
sheath (DFTS) pathologies as detected during preoperative
ultrasonographic examination. Lesions of the deep digital flexor
tendon (DDFT); superficial digital flexor tendon (SDFT); manica
flexoria (MF) and palmar/plantar annular ligament (PAL) are listed as
percentage of the total number of affected limbs
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was seen alone or in combination with subcutaneous fibrosis and/or poor

definition of the palmar/plantar SDFT margin (Figure 6).

3.3 | Tenoscopy

Tenoscopy was performed on 47 forelimbs and 98 hindlimbs. Teno-

scopic findings are summarised in Table 1. In 36 of 145 limbs, only

one structure within the DFTS was injured. In 109 of 145 limbs, a

combination of lesions was noted (Figure 7), with the most common

being the combination of a SDFT lesion with constriction of the PAL,

found in 38 limbs. Most SDFT lesions were characterised by superfi-

cial fibrillation or a rough, hyperaemic palmar/plantar tendon surface

at the level of the PAL (Figure 8). DDFT lesions mostly consisted of

longitudinal tears at the tendon border (Figure 9).

The tenoscopic diagnosis did not appear to be biased by the

horses' sex or discipline, however, statistically significant association

between the horses' age, breed and affected limb were identified for

several lesion types. Hindlimbs were less likely to be affected by a

DDFT lesion compared with forelimbs (p < 0.001, odds ratio [OR]:

0.26, CI: 0.125–0.547; Table 1). SDFT lesions were seen significantly

more frequently in Cob-type horses when compared with non-Cob-

type horses (p = 0.004, OR = 5.530, CI: 1.568–19.500). MF lesions

occurred more often in hindlimbs in this study population (p = 0.04,

Lateral

HR

4

3

2

1

0
Plantar

Precision+ APure+

Zone3C

F IGURE 6 Transverse ultrasonographic image of the digital flexor
tendons at the level of the plantar annular ligament (PAL). Note the
thickening of the subcutaneous tissue (arrow) and poor definition of
the PAL and the plantar margin of the superficial digital flexor tendon
(arrowheads)

TABLE 1 Tenoscopic diagnosis in
145 limbs with nonseptic tenosynovitis
of the digital flexor tendon sheath

DDFT lesion SDFT lesion MF lesion PAL constriction

All limbs lesion present (%) 55 (38%) 55 (38%) 44 (30%) 99 (68%)

Mild 23 (16%) 23 (16%) 11 (8%) 48 (33%)

Moderate 18 (12%) 18 (12%) 7 (5%) 38 (26%)

Severe 14 (10%) 14 (10%) 26 (18%) 13 (9%)

All limbs lesion not present (%) 90 (62%) 90 (62%) 101 (70%) 46 (32%)

Total limbs 145 145 145 145

Forelimbs lesion present (%) 26 (55%) 21 (45%) 9 (19%) 26 (55%)

Forelimb lesion not present 21 (45%) 26 (55%) 38 (81%) 21 (45%)

Total forelimbs 47 47 47 47

Hindlimbs lesion present (%) 24 (24%) 34 (35%) 35 (36%) 73 (75%)

Hindlimbs lesion not present 74 (76%) 64 (65%) 63 (64%) 25 (25%)

Total hindlimbs 98 98 98 98

p value <0.001 0.3 0.04 0.02

Note: p values represent the comparison between lesion prevalence in fore and hindlimbs. Note that the

percentage of deep digital flexor tendon (DDFT) lesions is significantly higher in forelimbs, whereas

manica flexoria (MF) lesions and palmar annual ligament (PAL) constriction occur predominantly in

hindlimbs. Lesion combinations are presented in Figure 7.

Abbreviation: SDFT, superficial digital flexor tendon.

MF + PAL

Lesion combinations

SDFT + PAL

SDFT + MF

DDFT + PAL

DDFT + MF

DDFT + SDFT

0 5 10

17

14

23

11

36

38

15 20 25 3530 40

F IGURE 7 Bar graph showing combinations of lesions of the
deep digital flexor tendon (DDFT), superficial digital flexor tendon
(SDFT), manica flexoria (MF) and palmar/plantar annular ligament
(PAL) as detected during tenoscopic surgery of the digital flexor
tendon sheath in 145 limbs
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OR: 2.34, CI: 1.017–5.412; Table 1). The likelihood of PAL constric-

tion increased with age (p = 0.005, OR: 1.156, CI: 1.046–1.287);

ponies were more affected than nonpony breeds (p = 0.004,

OR = 23.85, CI: 2.8–202.9) and hindlimbs were significantly more at

risk of PAL constriction compared with forelimbs (p = 0.02, OR: 2.36,

CI: 1.133–4.908; Table 1).

Tendon lesions were debrided in 82 limbs. In 18 limbs, the injured

MF was trimmed with the arthroscopic punch whereas in 26 limbs

total resection of the MF was performed. Desmotomy of the PAL was

performed under endoscopic guidance in 123 limbs. PAL desmotomy

was performed using an extrasynovial open approach17 due to severe

PAL constriction, precluding the entry of the tenoscopic cannula and

conical obturator into the DFTS in 2 limbs. In these two procedures,

the surgical incision was closed following desmotomy and diagnostic

tenoscopy of the DFTS was performed subsequently.

3.4 | Outcome

One horse was euthanised intraoperatively due to the severity of the

lesions detected during tenoscopy (severe SDFT lesion). No postoper-

ative complications were recorded for the remaining 130 horses

(144 tenoscopies) while hospitalised and all horses were discharged

from the hospital.

Two horses developed septic tenosynovitis of the operated DFTS

after they were discharged from hospital. Both cases were tenoscopi-

cally lavaged and received systemic and intrasynovial antimicrobial

medication. In one of these horses, an extrasynovial approach for PAL

desmotomy had been performed initially and the horse returned to

the clinic 18 days after tenoscopy. This horse returned to its prior

level of performance 1 year after a single DFTS lavage. The other

horse had undergone minimally invasive MF resection, it was pre-

sented again 15 days after initial tenoscopy and subsequently two

tenoscopic lavages were performed. The horse remained chronically

lame and was thereafter used as a brood mare.

Nine horses were euthanised during the short-term follow-up

period (mean: 3.2 months, range: 3–6 months): six for reasons other

than pathology of the DFTS (one proximal suspensory desmitis, three

colic, one head trauma and one severe bilateral forelimb lameness of

unknown aetiology), whereas three were euthanised due to DFTS

pathology on the operated limb (two SDFT lesion and one DDFT

lesion). For the purposes of description of long-term outcome, all the

horses (3/9) euthanised because of DFTS pathology were added to

the ‘chronic lame’ outcome group. The remaining six of nine dead

horses were removed from the long-term follow-up group. Six horses

were lost to follow-up, leaving long-term outcome data for 118 horses

(132 surgeries) (Figure 3) which completed rehabilitation. In these

PAL

SDFT

Proximal

Distal

F IGURE 8 Tenoscopic visualisation of the digital flexor tendon
sheath of a typical lesion seen at the plantar aspect of the superficial
digital flexor tendon (SDFT) in a case with a concurrent plantar
annular ligament (PAL) constriction; the tenoscope is inserted at the
level of the base of the lateral proximal sesamoid bone and directed
to proximal. The PAL has been transected using a hook knife. Left in
the image the plantar surface of the SDFT can be seen; note the
marked superficial fibrillation and hyperemic surface of the tendon in
the area in contact with the PAL

DDFT

Lateral

Lateral

DDFT

MF

Dorsalpalmar
(A) (B)

F IGURE 9 (A) Ultrasonographic image
of a longitudinal lesion at the lateral
border of the deep digital flexor tendon
(DDFT) at the level of the manica flexoria
(MF). Note the irregular appearance of the
lateral DDFT margin with an area of
decreased echogenicity (arrow).
(B) Tenoscopic view of the same DDFT
lesion. The tenoscope is inserted at the
level of the base of the lateral proximal
sesamoid bone and directed to proximal.
Note the significant tendon fibrillation
along the lateral edge of the tendon, the
case was classified as severe
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horses, the mean follow-up period was 3 years; range 6 months to

6 years. One horse was euthanised 14 months after tenoscopy due to

worsening of the lameness on the operated limb. This horse had a

DDFT lesion and for reporting outcome it was included in the ‘chronic
lame’ outcome group.

The time of convalescence and rehabilitation following surgery

was less than 6 months in 55 surgeries, 7–12 months in 58 surgeries

and more than 12 months in 16 surgeries. Long-term outcome for the

diagnosed lesions after tenoscopy was as follows: 18 of 118 horses

remained chronically lame and 100 of 118 horses were free of lame-

ness and ridden again after tenoscopy, of which 40 performed at a

reduced level and 60 at the same or higher level when compared with

the preinjury performance. Table 2 summarises these cases depending

on whether or not they had DDFT, SDFT and/or MF lesions. Descrip-

tively, horses with DDFT lesions had a poorer long-term outcome

compared with horses without a DDFT lesion.

4 | DISCUSSION

This is the first study evaluating the diagnosis and the long-term out-

come following DFTS tenoscopy in a large population of German

horses. Retrospective analysis of surgeries presented with nonseptic

DFTS tenosynovitis identified a particularly high prevalence of SDFT

lesions in combination with PAL constriction in this horse population.

Contrast radiography resulted in improved lesion detection for MF

tears when compared with ultrasonography and the long-term prog-

nosis was favourable for most lesions except for those affecting

the DDFT.

DDFT lesions were seen in forelimbs more often than hindlimbs,

and at a slightly lower prevalence that in previous reports.3,5,18 In our

population, DDFT and SDFT were equally prevalent while previous

reports suggest that SDFT lesions are less common than DDFT lesions

and have been diagnosed with a prevalence of 14% in a study of non-

septic digital tenosynovitis from the United Kingdom.5 In the current

case series, mild lesions at the palmar/plantar aspect of the SDFT,

characterised by superficial fibrillation or a rough surface at the level

of the proximal sesamoid bones were common. It is suspected that

this lesion is associated with narrowing at the level of the fetlock

canal due to the pressure exerted by the PAL over the palmar/plantar

tendon surface. SDFT and PAL injury was the most common lesion

combination in our population and we speculate that the higher prev-

alence of SDFT lesions seen in the current case series compared with

a previous report5 might relate by the concurrent high level of PAL

injury.

MF lesions occurred more frequently in hindlimbs, similar to the

result of studies performed in British horses.4,8,9 Kent et al.8 showed

that fetlock extension results in distal displacement of the MF. Since

hindlimb fetlocks are often more extended,19,20 these authors

hypothesised that a more distal position of the MF in the hindlimb

would increase the risk of this structure getting caught on the proxi-

mal scutum leading to MF tearing. Whilst Cob-type horses and ponies

were significantly more affected by MF tears when compared with

other breeds in the United Kingdom,4,8,9 a similar breed predilection

was not identified in the current study. The difference might be

explained by the fact that Warmblood horses were over-represented

in this German population.

Owen et al.21 diagnosed PAL constriction more commonly in hin-

dlimbs of aged horses and hypothesised that a more distal position of

the proximal sesamoid bones in hindlimbs when compared with fore-

limbs likely results in a different force distribution leading to increased

tension on the PAL. In addition, age-related loss of elasticity of the

PAL may predispose this structure to injury.10,21 Differentiation

between primary desmitis of the PAL or PAL constriction secondary

to an intrasynovial tendinous lesion is difficult. In the current study,

diagnosis of primary PAL desmitis was based on ultrasonographic

findings. During tenoscopy, where the surgeon had a subjective feel-

ing of a narrow fetlock canal ‘PAL constriction’ was diagnosed, which

included both limbs with and those without ultrasonographically evi-

dent PAL desmitis. Due to the lack of sensitivity and specificity for

the detection of PAL constriction previously described by Kent et al.,8

contrast tenograms were not used for detection of this pathology in

our population.

Whilst a substantial number of horses were initially referred with

the diagnosis of PAL desmitis for desmotomy, this lesion was rarely

seen as a sole cause of DFTS tenosynovitis. As PAL pathology usually

occurred in combination with flexor tendon or MF lesions, the out-

come for the diagnosis ‘PAL constriction’ was not examined

TABLE 2 Long-term outcome for 118 horses which underwent tenoscopy for management of nonseptic tenosynovitis with a range of
additional lesions

Deep digital

flexor tendon
lesion (n = 41)

Superficial digital

flexor tendon
lesion (n = 41)

Manica

flexoria
lesion (n = 36)

All cases n (%)

in outcome
category

Lameness persisted N (% of lesion group) 8 (19.5%) 5 (12.2%) 5 (13.8%) 18 (15.3%)

Returned to work at lower level N (% of lesion group) 18 (43.9%) 11 (26.8%) 11 (30.5%) 40 (33.8%)

Returned to work at same or higher level N (% of lesion

group)

15 (36.6%) 25 (61%) 20 (55.5%) 60 (50.8%)

Note: Horses that underwent bilateral surgery were classified based on the more severely affected limb. Where horses underwent repeated tenoscopy

during a later anaesthesia, these individuals were assigned to one of the three outcome groups based on their status immediately before the repeat

procedure and outcomes following the 2nd procedure are not presented in this table.
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separately. The DFTS should be assessed carefully for the presence of

additional lesions when PAL desmitis is identified.

PAL desmotomy is indicated when PAL desmitis impairs the nor-

mal gliding of the flexor tendons within the fetlock canal and results

in lameness that does not respond to conservative management22.

Whilst several reports promote the advantages of surgical PAL des-

motomy resulting in local decompression of the fetlock canal, a clear

association with improved outcomes following PAL transection is

lacking3,6,23. In the current study, PAL desmotomy was performed

where the fetlock canal appeared narrowed during tenoscopy and

potentially also in preparation for complex surgical procedures like the

minimally invasive resection of the MF, which required maximal space

within the DFTS.

For reporting the outcomes, we decided not to include the horses

which were euthanised during the first 6 months following tenoscopy

for reasons unrelated to DFTS pathology, since they were not able to

complete rehabilitation following tenoscopy, whereas euthanasia in

another four horses (three within 6 month, one at 14 months) related

to lameness persistence or worsening and are reported in that out-

come category (Table 2).

We decided to include the horses operated in two different limbs

within the description of the outcome, since the contralateral pathology

was in all cases a mild to moderate PAL desmitis. For outcome descrip-

tion in bilateral tenoscopy cases, the most severely affected limb was

used for assigning lesion. For those cases that underwent repeat teno-

scopy, to ensure that each horse's outcome was categorised once only,

the first tenoscopy was used for outcome categorisation since in our

opinion the second pathology will not have as much chance of a good

outcome as a horse which had no previous pathology at all.

DDFT tears, which were typically longitudinal at the lateral border

of the tendon6 in forelimbs, had the poorest outcome after tenoscopy.

Similarly, Wilderjans et al.,3 Smith et al.5 and Arensburg et al.6 found

lesions of the DDFT, especially longitudinal tendon tears, had a poorer

prognosis compared with other intrasynovial pathologies.

Overall, the results of this case series show that only 60 of

118 (51%) of horses were able to return to the same or higher level of

exercise compared with preinjury. In contrast to previous reports, the

majority of horses included in the current study were used for general

purpose riding rather than high level competitive athletic activity.

Therefore, horses returning to their proposed use were not intended

to pursue a high level of athletic performance and owner expectations

may have been fairly easy to meet and some owners may have been

cautious about workload due to fear of reinjury. Reliance on owner

description of outcome is a limitation of the current study.

Our results are comparable to the outcome documented by Thün-

ker et al., who reported 47.5% (19/40) of the horses treated tenosco-

pically returning to their original level of performance. Further

research is needed to assess adjunctive treatment options, such as

corrective shoeing or different types of postoperative intrasynovial

medications (such as hyaluronic acid, platelet-rich plasma, autologous

conditioned serum, mesenchymal signalling cells) in order to improve

the outcome after tenoscopy.

Synovial sepsis following DFTS tenoscopy occurred in two of

145 surgeries in this study and in one of 90 surgeries in the report of

Smith et al24. The open approach for PAL desmotomy (first case) and

the tenoscopic resection of the MF (second case), which resulted in a

longer and potentially more traumatic surgery likely led to an

increased risk of infection.

Similar to previous reports, the sensitivity of ultrasonography for

the prediction of DDFT and MF lesions was low.5,6 This may be

related to several factors such as the operators experience or the skin

thickness of the horse. Holding the limb in a semi-flexed position dur-

ing ultrasound examination may improve visualisation of marginal

tears of the flexor tendons. With this position, the lower tension in

the tendon allows some opening of the tear making it easier to detect

the lesion25.

Contrast tenography performed in line with intrasynovial analge-

sia improved the diagnostic capacity, especially for the identification

of MF tears. Kent et al. reported a sensitivity of 92% and specificity of

56% for the detection of MF tears and a sensitivity of 54% and speci-

ficity of 73% for DDFT tears, similar to the values obtained in this

study.8 The results of both studies provide evidence to encourage the

use of contrast tenography as a routine part of a lameness investiga-

tion in horses with suspected tenosynovitis of the DFTS. Neverthe-

less, tenoscopy of the DFTS should be considered the gold standard

for diagnosis of soft tissue lesions associated with digital flexor

tenosynovitis.

The main limitations of this study are its retrospective nature, the

lack of a control group and reliance on owner-reported information

for outcome assessment. The diagnosis of specific lesions and the rec-

ognition of the exact localisation and severity on the basis of recorded

patient data might have introduced some bias. In addition, a large pro-

portion of horses included in the study were used for general purpose

riding and long-term follow-up was obtained via conversations with

the owners, so the level of athletic activity pre- and post-tenoscopy

was not objectively assessed. Although our study population was

fairly large, the large variation in lesion types and combinations, pre-

cluded more formal analysis of outcome and this was limited to

description only.

In conclusion, the overall prognosis for horses with nonseptic

tenosynovitis of the DFTS following tenoscopy is fair, with DDFT

lesions having the poorest outcome. Intrasynovial lesions of the DDFT

and MF were not consistently predicted during ultrasonographic

examination but the addition of DFTS contrast tenography as part of

a routine investigation in horses with DFTS pathology improves the

likelihood of lesion identification, particularly for the diagnosis of MF

tears.
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