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Summary

Background: In the last 30 years, several treatments have been proposed to treat subchondral 

cystic lesions (SCLs) but there have been no randomised studies to compare different methods and 

there is no consensus as to the optimal treatment.

Objectives: To evaluate a biocompatible absorbable implant for the treatment of SCLs in young 

horses in different anatomical locations.

Study design: Retrospective case series.

Methods: Horses with SCLs were treated with debridement through a trans-cortical extra-articular 

approach and an absorbable implant was inserted in the cavity. Clinical and radiographic follow-

up was recorded and follow up ranged from 28 to 46 months (mean 37 months). Racing records A
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were reviewed.

Results: Thirty-eight horses between 10 and 24 months of age were included in the study. In 36 

out 38 horses treated, lameness resolved, and 77% average filling of the cyst was measured 120 

days after surgery on radiographs. In two cases, surgical complications were recorded. 

Main limitations: Information about the resorption of the implant is not available. Radiographs 

were performed in various hospitals or at farms or training stables, therefore, possible minor 

variations in technique and positioning occurred.

Conclusions: The extra-articular approach to the SCLs followed by the insertion of the absorbable 

implant led to clinical and radiographic improvement of the SCLs at 120 days after surgery. This 

technique, feasible in different anatomical locations, may offer an alternative to treat SCLs in 

young horses.

Introduction

Subchondral cystic lesions (SCLs) can involve most bone segments but are located frequently in 

the medial femoral condyle (MFC) and less frequently in the phalanges, metacarpus/metatarsus, 

radius, scapula, tibia, and carpal bones [1]. Recently, a study demonstrated the presence of SCLs 

in cervical vertebrae [2]. SCLs located close to or in communication with a joint, especially in 

weight-bearing locations, are likely to cause lameness [1,3,4]. The pathogenesis is controversial; 

several theories have been hypothesised and include the hydraulic theory, where synovial fluid is 

pulled through the subchondral bone into the cancellous bone via a slit-like lesion in the cartilage 

[5]; and the inflammatory theory, in which SCLs become lined with fibrous tissue that secretes 

inflammatory mediators including PGE2 and IL-6 [6]. SCLs can also develop following primary 

damage of the subchondral bone with collapse of the articular surface [5,7]. Finally, 

osteochondrosis or a combination of the aforementioned processes are proposed causes of SCLs 

development [1,5–7]. In humans, venous obstruction to the bone blood supply has been suggested 

as being the most probable cause of bone cysts [8]. 

The scientific literature cites medical and surgical options for SCLs, based upon patient age, 

skeletal maturity, lesion location and size. Several medical treatments like rest, joint or SCL 

injection with steroids, plasma derived products, and stem cells have been reported  [1,9]. Surgical 

treatments as bone filling with bone morphogenetic protein-2, stainless steel transcondylar screws, 

simple debridement, osteochondral grafts, bone substitutes, allogenic cartilage and mosaic 

arthroplasty have also been described [1,9–13]. To date, there have been no randomised studies to A
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compare different methods and there is no consensus as to the optimal treatment. 

In equine orthopaedic surgery, absorbable implants made of synthetic polymers, such as 

polyglycolide, poly L-lactic acid (PLLA) or poly-dioxanone, have been described for fracture 

fixation, angular limb deformities correction and bone grafting [14–16]. A number of ceramic 

analogues of bone (e.g. hydroxyapatite, tricalcium phosphate) have shown promise because they 

have good tissue compatibility and bond directly to native bone without an intermediary layer of 

connective tissue [17]. These materials and related composites (e.g. hydroxyapatite/polymer) are 

essentially osteoconductive matrices, acting as substrates that provide a favourable scaffolding for 

vascular ingress, cellular infiltration and attachment cartilage formation [8,17]. The aim of this 

study was to evaluate the use of a composite absorbable implant for the treatment of SCLs in 

different anatomical locations in young horses. The selected implant, that reproduces the 

biological bone, was composed of nano-hydroxyapatite (μ-HA) and calcium phosphate, mixed 

with PLLA that is reported to be bioabsorbable, biocompatible, osteoinductive and 

osteoconductive [8]. We hypothesised that extra-articular decompression of the SCL by drilling 

[9,18], followed by curettage and placement of an absorbable implant would improve radiographic 

appearance, enhance healing of the subchondral lesion, and resolve lameness.

Materials and Methods

Materials: The implant (Osteotrans-OT1) is made as a forged composite of unsintered nano-

hydroxyapatite (μ-HA) and poly L-lactic acid (PLLA). The composite implant is described as 

containing 30 weight fractions of raw uncalcined, unsintered HA particles with a particle size, 

0.2–20 μm (average, 3–5 μm); Ca/P = 1.69 (mol, ratio); and CO3
2= 3.8 (mol%) mixed with 

PLLA. The μ-HA and carbonate ion act as a filler while the polymeric substance (PLLA) serves as 

a matrix. A pin of 4.6 mm diameter was used for lesions with a diameter less than 9 mm, while a 9 

mm interference screw was selected for larger lesions (Figure 1C).

Subjects: Medical records of horses presenting to eight different Equine Hospitals (Data S1), for 

evaluation of lameness between January 2017-June 2018 were reviewed. Inclusion criteria 

included a diagnosis of SCL as the cause of lameness, the presence of lesions equal to or larger 

than 8 mm and < 10 mm from the articular surface, surrounded by a variably sclerotic edge. Cases 

were excluded if there was any history of previous treatment (surgical or medical) or if the horses 

were not lame. The authors and the referring veterinarians evaluated lameness using the AAEP 

scale [19] and digital standard radiographic projections were carried out. Examinations were A
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performed at walk and trot. When possible, intra-articular diagnostic anaesthesia was performed to 

confirm SCL as the cause of lameness. Preoperative records included demographic data, results of 

orthopaedic examination, degree of lameness, results of diagnostic analgesia, and radiographic 

findings. Treatment options, including placement of a bioabsorbable screw, were discussed with 

owners and informed client consent forms were signed.

Radiographic diagnosis: Caudo-cranial and latero-medial projections, for MFC and proximal 

radius were made with an exposure of 80/70 kV and 3.2 mAs respectively, while 

dorsopalmar/plantar projections for the distal limb were made using 70/60 kV and 2.2 mAs. The 

lesions were measured in width and height on caudo-cranial and dorso-plantar/palmar projections 

(Figure 1A, B). 

Surgical technique: All horses were pre-medicated with procaine penicillin 22,000 UI/kg IM and 

flunixin meglumine 1.1 mg/kg IV. Surgery was performed under general anaesthesia, maintained 

with inhalation of isoflurane. The horses with lesions in the radius, phalanges or carpal bone were 

placed in lateral or dorsal recumbency depending on the surgeon’s preference, while all horses 

with MFC lesions were placed in dorsal recumbency. Aseptic preparation of the surgical site was 

done with standard techniques. Surgical treatment involved a trans-cortical extra-articular 

approach to the cyst to facilitate curettage, irrigation, and placement of an absorbable implant, 

under radiographic guidance. The technique required several radiographic views intra-operatively; 

fewer radiographs were required as the surgeon became comfortable with the procedure. 

Surgical procedure for radius, phalanges and carpal lesions: The lesion was located with dorso-

palmar and latero-medial radiographic views for phalanges and carpal lesions while cranio-caudal 

and medial-lateral views for the radius, using an 18G needle as a skin-marker (Figure 2A, B). 

Through a stab incision, a 4.5 mm drill bit was positioned as parallel as possible, to intersect the 

SCL, avoid penetration of the subchondral bone and articular cartilage (Figure 2C, D). Using a 2 

mm Cobb curette, intra-lesional debridement was performed and the lesion was flushed with 

saline. To select the proper pin length, a depth gauge was used to measure the distance between 

the bone edge and about the centre of the cystic cavity (Figure 2E). A 4.6 mm pin was inserted, 

using a pin-driver and a mallet, until reaching the middle of the lesion (Figure 2F). The subcutis 

was sutured with absorbable monofilament suture (poliglecaprone 25 n. 2-0) and the skin incision 

with non-absorbable monofilament suture (nylon n. 2-0). The limb was bandaged.

Surgical procedure for MFC lesions: The lesion was located on caudo-cranial and latero-medial 

radiographic views using an 18G needle as a skin-marker (Figure 3A, B). A 1 cm skin incision A
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was made directly down to the bone of the epicondylar fossa. A 4.5 mm hole was drilled across 

the medial condyle, cranial to the collateral ligament, and angled distally to intersect the SCL 

(Figure 3C, D). It was not possible to standardise the angle of entry as the lesions were found in 

different locations within the condyle. An 8.5 mm drill bit was used to enlarge the bone tunnel, 

then debridement (Cobb curette 4 mm diameter) and flushing were performed. The distance 

between the middle of the cyst and the bone edge was measured (Figure 3E), and a tap and a 

screwdriver were used to insert a 9 mm interference screw, until reaching the middle of the lesion 

(Figure 3F). The subcutis was sutured with absorbable monofilament suture (poliglecaprone-25 

n.0) and the skin incision was closed with non-absorbable monofilament suture (nylon n.0). An 

adhesive patch to suture protection was applied during the recovery phase post-general 

anaesthesia. 

Post-operative care: Antimicrobial (procaine penicillin 22,000 UI/kg IM) and anti-inflammatory 

(flunixin meglumine 1.1 mg/kg IV) treatment was continued once daily for 3 days post-

operatively. For the lesions that were in the distal radius, phalanges and carpal bone a bandage 

was put on and changed 3 days after surgery and then every 4 days. For MFC and proximal radius 

lesions, no protective dressing was applied. In all patients, sutures were removed 12 days post-

surgery and four weeks of stall-rest was recommended. 

Post-operative rehabilitation: After the four weeks of stall-rest, a post-operative rehabilitation 

program was introduced. The protocols varied according to patient age; weanlings and yearlings 

were turned out in small paddocks for four weeks, and after that, in a larger pasture for four more 

weeks. Older horses were walked (by hand or machine) daily for four weeks; beginning with 20 

minutes daily the first week and increasing 10 minutes each week. In the following four weeks, 10 

minutes trotting-activity was started and increased by 10 minutes each week. All horses were 

returned to their routine exercise protocol after 12 weeks of restricted exercise.

Postoperative radiographic follow-up: Radiographs were taken at 30, 60, 90 and 120 days after 

surgery. During the first three months a "side by side" comparison of the pre-and post-operative 

radiographic images was used to evaluate changes of the SCL. 

Morphometric analysis: To evaluate the effect of the implant, a morphometric analysis (ImageJ2) 

was performed measuring the cavity area in all radiographs at time zero and subsequently in all 

radiographs at 120 days after surgery. Then radiographs at 0 and 120 days were paired and 

changes in area, on caudo-cranial projection for MFC lesions or on dorso-plantar/palmar views for 

the other locations, were expressed as a percentage of the preoperative values. A
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Postoperative clinical follow-up: The authors or attending veterinarians recorded the presence of 

fever, lameness, and/or swelling at the surgical site in the first week after surgery, and then each 

time radiographs were taken thereafter. 

Long-term follow-up: The clinical condition of patients, from 120 days post-surgery to the time of 

writing, were obtained by direct communications with referring veterinarians.

Performance analysis: Performance data were recorded using electronic database (france-

galop.com; letrot.com; ippicabiz.it; equibase.com). The number of races before and after surgery 

and whether the horses raced at the age of two or three years old after surgery were recorded. In 

addition, the number of wins and/or placement were recorded. The number of subjects that raced 

in relation to the anatomical locations of the SCLs were documented. In unraced horses, details of 

training were obtained by direct communication with referring veterinarians, owners, horsemen, 

and trainers.

Results 

Thirty-eight horses met the inclusion criteria. There were 25 Thoroughbreds and 13 

Standardbreds, 21 females and 17 males. Horses were between the ages of 10 and 24 months 

(mean 15 months; median 10 months) at the time of surgery (Table S1). 

Radiographic diagnosis: In one horse, bilateral lesions (proximal phalanx) were observed leading 

to a total of 39 SCLs. Twenty-eight out of 39 (72%) lesions had a diameter of 9 mm or larger. 

SCLs were located in the distal MFC in 22 horses (57%), in the radius in seven horses (18%), in 

the proximal phalanx in five horses (six limbs; 13%), in the middle phalanx in three horses (8%) 

and one horse had a lesion in the fourth carpal bone (2%) (Table S1). 

Mean operating time: The mean operating time was 25 minutes (range 20-30) for SCLs of the 

MFC, 22 minutes (range 15-40) for SCLs of the radius, 27 minutes (range 20-45) for SCLs of the 

proximal phalanx, 25 minutes (range 15-30) for SCLs of the middle phalanx group and 10 minutes 

for the SCL of the fourth carpal bone (Table S1). 

Surgical complications: In one case (n5, MFC), the implant was found to be dislodged from the 

bone tunnel and located between the bone and overlying fascia on the 30 day radiographs. There 

were no signs of radiographic healing (Figure 4A) and three months later, the horse underwent a 

second surgery with the insertion of a new implant. In case n.18, radiography at 30 days showed 

that the implant was inserted too far into the MFC joint. The implant was removed during 

arthroscopy and the horse did not enter race training (Figure 4B). A
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Post-operative radiographic findings: Up to 60 days after surgery, the gross shape of all 

composites of the implant was preserved and its radiopacity appeared unchanged (Figure 2F, 

Figure 6B-C). The radiographic exam demonstrated radiopacity of the implant and radiolucency of 

the unfilled PLLA. In some horses with SCLs type 2B of the MFC (i.e. large dome shape lesion 

extending down to a large articular surface defect), the radiographs at 120 days showed a residual 

defect (Wallis type 1, Santschi grade 2) [1,11] however, it was reduced at 240 days 

postoperatively (Figure 6).

Morphometric findings: In 38 out of 39 SCLs treated, independent of the location or size of the 

lesion, a filling of the cystic cavity was observed and the morphometric analysis at 120 days 

showed an average area reduction of 77% (range 0-100%). In particular, 84% in the MFC (range 

0-100%), 82% in the radius (range 61-99%), 70% in the proximal phalanx (range 50-99%), 82% 

in the middle phalanx (range 76-90%) and 68% in the fourth carpal bone (Table S1).

Postoperative clinical follow-up: Soft tissue reaction around the surgical site occurred in about 

30% of cases and disappeared spontaneously between 30 and 60 days after surgery. No other 

specific treatments for SCLs following surgery were performed. According to referring 

veterinarian evaluation at 120 days, 36 out of 38 horses (94%) were not lame when compared to 

the pre-surgical evaluation. 

Long-term follow-up: Follow up duration was mean 37 months (range 28-46). Case n.3 (MFC) 

developed a recurrence of the lesion 10 months later, a lameness of 3/5 degree was evident, and it 

was retired. No infection relating to the implants, no persistent cosmetic defects, and no foreign 

body reaction were reported. 

Performance analysis: Twenty-seven horses (27/38; 71%) raced after surgery and among them, 21 

horses (78%) won prize money; 13/27 (48%) horses operated at weanling/yearling age, started 

racing at 2 years old (Table S2). Considering SCLs anatomical location, 16/22 patients with SCLs 

in the MFC, 4/7 with lesions in the radius, 6/6 with lesions in the proximal phalanx, 1/3 with SCLs 

in the middle phalanx and one horse with SCL in the fourth carpal bone started racing after 

surgery. Six unraced horses (6/38) were in training at the time of writing, while three horses 

entered training but were retired due to tendon injury or reasons independent of SCLs. Two horses 

(case n.3 and n.18) were retired for breeding (Table S2). 

DiscussionA
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This study describes successful placement of a bioabsorbable implant for treatment of SCLs in 38 

young racehorses. We found that use of the implant led to resolution of lameness in 36/38 horses 

and was associated with an average of 77% radiographic filling of the lesion. Within this group of 

patients, 71% of horses raced after surgery with 48% of horses racing in their 2-year-old year. 

These results are comparable to the percentage of horses, without cystic lesions, that raced at two 

and three years old as observed by Pérez-Nogués et al. in their study [20]. 

Research on absorbable materials has been described in the literature since the 1970s but there 

have been substantial advancements over time. The literature, mostly in laboratory animals and 

human surgery, has documented that absorbable materials offer many advantages such as 

osteoconduction, osteoinduction and bioabsorption. The biomechanical properties, including 

elasticity and stiffness similar to that of the cortical bone, assure a bending strength for six months 

after surgery and consequent bone stabilisation [21]. The osteoconductive and osteoinductive 

properties stimulate the filling of the defects, while the biomechanical properties assure bone 

stability; these factors are important in resolution of lameness and possibly long-term preservation 

of the joint. The rationale for our surgical technique was to combine the properties of this implant 

with a minimally invasive, transcortical approach allowing debridement of the cavity and provide 

contact of the implant with the surrounding bone. In addition, insertion through an extra-articular 

approach minimises risk to articular cartilage and preserves the articular growth cartilage and 

physis, important in young horses. In the human literature several authors reported encouraging 

findings using μ-HA-PLLA for the management of several cavitary defects, resulting from bone 

tumour and/or cyst resection [21]. In these patients with resection of chondrosarcoma or 

osteoblastoma, involving the sub-articular space of distal femur, the reconstruction with μ-HA-

PLLA implant provided an excellent recovery of knee function [21]. Block and Thorn [17] in a 

review study reported a success rate of 78-90% in solitary bone cyst lesions and 100% success in 

benign bone tumour cases treated in different anatomical locations, without recurrence in subjects 

treated with curettage followed by cavity packing with μ-HA-PLLA. It was observed that their 

relatively slow resorption may be preferable in treating bone cysts where quickly resorbing 

implants are contraindicated. In these patients, new bone surrounding the μ-HA-PLLA implant 

was typically evident at 10 weeks post-surgery. A histologic study in rabbits, revealed the 

formation of new bone around the implant even at three weeks, at eight weeks bone lamellar 

construction was visible and at 25 weeks the bone surrounding the composites became normal 

trabecular bone [22]. Furukawa et al. [22] and Shikinami et al. [23] documented the complete A
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process of absorption and total bone replacement of this specific implant inserted in the distal 

femoral condyle in rabbits; while Higashi et al. [24] used the same implant as a bone filler in rat 

femur and demonstrated that μ-HA incorporated with PLLA play an active role in new bone 

formation. The absorption mechanism of implant in horses is unknown. In animal models it has 

been demonstrated that the degradation depends on shape and size of the implant, as well as 

vascularity and implantation site, and is facilitated by the μ-HA crystals that are ground down to 

an average diameter of 3–5 μm. This size range of particles is suitable for triggering phagocytosis, 

for incorporation into the PLLA matrix, to exhibit effective bioactivity and for reinforcing the 

composite [23]. Assuming that the structure and physiology of the horse's bone are similar to that 

of other mammals tested animals, at least 3 years should be considered a reasonable time frame for 

complete degradation by macrophages [23,25,26]. 

In our experience, the bone density of SCL area started to increase after 60 days and the 

morphometric analysis demonstrated an average filling of 77% after 120 days (Figure 5A-L). 

These results are consistent with those reported in human and animal studies. The implant with the 

radiolucent PLLA, once inserted, does not alter the radiopacity of SCLs enabling us to evaluate 

changes in radiopacity using serial radiography (Figure 6).

Study limitations: This study has some limitation. Firstly, we have no information about resorption 

in our patients because it was not possible to perform a histological investigation and no 

necropsies were available. Secondly, it would have been interesting to perform computed 

tomography or magnetic resonance at two/three years after surgery; unfortunately, this is not a 

practical goal with horses that are in race-program or are sold in an auction sale. Finally, since the 

radiographic controls were performed sometimes in hospital and sometimes at the farm or training 

stable, possible minor variations in technique and positioning occurred.

Conclusions 

In conclusion, subchondral cystic lesions in young horses intended for auction and athletic 

performance are an important problem in the equine industry and clearly a common cause of 

economic loss [4,20,27]. This surgical procedure allowed early rehabilitation and resulted in 

progressive healing of the lesions; in addition, it makes it unnecessary to plan or perform a second 

surgery for implant removal and the synthetic nature of the implant eliminates the need for a 

second procedure to harvest autologous tissue (i.e. osteochondral grafts). Moreover, the u-

HA/PLLA materials do not cause artifacts that can interfere with a computed tomography or A
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magnetic resonance examination of the lesion, preserving the ability to assess it or different 

lesions if needed. The implant was well tolerated, the technique is feasible in different anatomical 

locations and the μ-HA-PLLA implant can offer an alternative to current techniques for the 

management of SCLs in young horses. 
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FIGURES

Figure 1: A) Caudo-cranial projection of MFC. The red lines measure width and height of the 

cyst. B) Dorso-palmar projection of distal proximal phalanx. The red lines measure width and 

height of the cyst. C): A, Pin-driver; B, Interference screw 9.0 mm; C, Pin 4.6 mm.

Figure 2: Surgery of a SCL located in the distal part of the proximal phalanx. A) Dorsopalmar 

and B) Latero-medial projections; the needle shows the optimal surgical approach to the SCL. C) 

Dorso-palmar projection showing a 4.5 mm drill bit directed toward the SCL. D) Latero-medial 

projection showing the 4.5 mm bone hole (red arrow). E) The depth-gauge reached the middle 

cavity to measure the correct length of the implant. F) The pin was positioned in the middle of the 

cavity (red arrow). 

Figure 3: SCL of the MFC. A) Caudocranial and B) Lateral-medial projections; the needle shows 

the optimal surgical approach to the SCL. C) Caudo-cranial D) Latero-medial projections show a 

4.5 mm drill bit within the cyst. E) Caudo-cranial projection shows the depth-gauge positioned in 

the middle cavity to measure the correct length of the implant. F) Placement of the interference 

screw within the cyst (red arrow).

Figure 4: A) Caudo-cranial projection of a SCL in the MFC (case n.5) showing migration of the 

implant between bone and fascia (red arrow). 

B) Intraoperative arthroscopic image (case n.18) showing a portion of the implant inserted within 

the medial femoro-tibial joint. 

Figure 5: Radiographs of subchondral cystic lesions treated with pins (A-H) and with 

interference-screw (I-L). Side by side comparison of radiographic images pre-operatively and 120 

days post-operatively. A-B) Distal radius lesion; C-D) Proximal radius lesion (elbow); E-F) 

Proximal middle phalanx lesion; G-H) Distal proximal phalanx lesion; I-L) MFC lesion. 

Figure 6: Caudocranial projections of a MFC showing progression of SCL improvement from 

pre-operatively to 240 days post-operatively.  Radiopacity can be monitored monthly. Changes in 

radiopacity can be noted monthly. Condylar flattening was evident from 30-120 days post-

operatively (red arrows) but was reduced at 240 days.

Supporting information

Data S1: Clinical locations.A
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Table S1: Pre- and post-surgery findings of 38 cases treated with an absorbable implant in five 

different anatomical locations.

Table S2: Long-term follow-up of 38 cases treated with an absorbable implant in five different 

anatomical locations.
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