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Adhesive Capsulitis in Eight Dogs:
Diagnosis and Management

Brittany J. Carr, Sherman O. Canapp?*, Debra A. Canapp, Lauri-Jo Gamble and
David L. Dycus

Veterinary Orthopedic and Sports Medicine, Annapolis Junction, MD, USA

Objective: To describe clinical and diagnostic findings as well as management of adhe-
sive capsulitis in dogs.

Background: Adhesive capsulitis, also known as frozen shoulder, is a syndrome defined
by loss of range of motion of the shoulder and may be the end-stage manifestation of
several primary conditions.

Evidentiary Value: This is a case series report of eight dogs with chronic forelimb
lameness diagnosed with adhesive capsulitis.

Methods: Medical records (June 1, 2010-September 1, 2015) including, physical
examination findings, radiographic findings, magnetic resonance imaging (MRI) findings,
arthroscopy findings, and treatment plans were reviewed.

Results: All dogs presented with a chronic, grade llI-VI/VI forelimb lameness. On ortho-
pedic examination, all dogs had moderate to significant discomfort on shoulder extension
and flexion and severe restriction of range of motion. Six of the eight dogs had evidence
of bone remodeling and sclerosis in the affected shoulder on radiographs. Six of the
dogs had an initial diagnostic ultrasound performed, which revealed evidence of fibrous
scar tissue. Five dogs had MRI performed that revealed moderate shoulder effusion and
enhancement of the synovial lining of the shoulder. Arthroscopy was performed in five
of the eight patients. Three were noted to have significant contracture, adhesions, and
fibrous scar tissue of the joint capsule. Severe inflammation was noted throughout the
synovium of two patients. All eight patients tried conservative management consisting of
oral medications and rehabilitation therapy. Five of the eight patients received extracor-
poreal shockwave therapy. Three patients received regenerative medicine treatment in
the affected supraspinatus and shoulder. Regardless of the treatment elected, none of
the dogs were reported to have significant improvement.

Conclusion: Adhesive capsulitis is an uncommon cause of chronic forelimb lameness.
Further investigation is needed to describe the etiology and pathogenesis of adhe-
sive capsulitis in dogs to evaluate the effectiveness of both non-surgical and surgical
treatment modalities, establish treatment protocols, and evaluate short- and long-term
clinical outcome of patients.

Abbreviations: ADPC, adipose-derived progenitor cell; PRP, platelet-rich plasma; ACS, autologous conditioned serum; ESTW,
extracorporeal shockwave therapy.
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Carr et al.

Adhesive Capsulitis in Eight Dogs

Application: Adhesive capsulitis should be considered in patients with chronic forelimb
lameness and moderate to significant discomfort and restriction on shoulder range of

motion.

Keywords: frozen shoulder, adhesive capsulitis, forelimb lameness, range of motion, fibrous scar tissue, synovitis

INTRODUCTION

Adhesive capsulitis, also known as frozen shoulder, is a syn-
drome appreciated in human sports medicine and defined by
loss of range of motion of the shoulder, impairing the patient’s
ability to sleep, work, perform daily living activities, or desired
recreational activities (1-5). Adhesive capsulitis may also be the
end-stage manifestation of several primary conditions, including
trauma, previous surgery, prolonged immobilization, endocrine
disorders, or idiopathic causes (2, 6-12). Of patients affected
by adhesive capsulitis, 70% are female and about 20-30% will
develop the condition in the opposite shoulder (2). Only 20-30%
of patients will report a history of minor trauma to the shoul-
der (6, 7), and it has been found to be more common in those
with sedentary lifestyles (8). Regardless of the biological cause,
adhesive capsulitis is defined as thickening and contracture of the
joint capsule, which results in decreased intra-articular volume
and capsular compliance so that glenohumeral motion is limited
in all planes (2-4).

In humans, there are four stages associated with adhesive cap-
sulitis, each based on the correlation of physical examination and
arthroscopic examination of affected joint(s) and lasting about
6-9 months (1, 5). Stage 1 is characterized by pain with active and
passive range of motion and a progressive loss of motion. Upon
examination either under anesthesia or following intra-articular
injection of local anesthetic, there is a significant improvement
in range of motion to normal or minimal loss (13). Arthroscopic
examination reveals a diffuse hypervascular glenohumeral
synovitis, often most pronounced in the anterosuperior capsule
(5). Histopathology reveals rare inflammatory cell infiltrates and
findings consistent with a hypertrophic, hypervascular synovitis
and a normal underlying capsule (14). Stage 2, also known as the
“freezing stage,” is characterized by chronic pain and progressive
loss of range of motion. Examination after intra-articular injec-
tion of local anesthetic or scalene block reveals relief of pain with
only partial improvement in range of motion (13). Arthroscopic
examination reveals a diffuse, pedunculated synovitis and a tight
capsule with a dense feel on the insertion of the arthroscope (5).
Histopathology reveals hypertrophic, hypervascular synovitis
with perivascular and subsynovial scar formation and capsular
fibroplasia (14). Stage 3, also known as the “frozen stage) is
characterized by minimal pain and significant shoulder stiffness.
An intra-articular injection of local anesthetic or scalene block
does not improvement in range of motion (13). Arthroscopic
examination reveals a profound loss of capsular volume and
remnants of fibrotic synovium that is not hypervascular (5).
Histopathology reveals a dense, hypercellular collagenous tissue
and a thin synovial layer without significant hypertrophy or
hypervascularity (14). Stage 4, also known as the “thawing stage,”
is characterized by minimal pain and progressive improvement

in range of motion, resulting in capsular remodeling. Since
these patients rarely undergo surgery, there is little arthroscopic
or histological data available for patients with stage 4 adhesive
capsulitis (13).

To the authors’ knowledge, there is only one paper report-
ing shoulder immobilization for 16 weeks in eight beagle dogs
caused a loss of shoulder motion and focal capsular adhesion that
resembled adhesive capsulitis seen in humans (15). Currently
there is no other documentation of adhesive capsulitis in dogs in
the literature. The purpose of this case series is to report clinical
and diagnostic findings and management of adhesive capsulitis
in dogs.

MATERIALS AND METHODS

Medical records (June 1, 2010-September 1, 2015) of eight
dogs diagnosed with frozen shoulder were reviewed. Physical
examination, diagnostic findings, arthroscopy findings, and
treatment plans were reviewed. Inclusion criteria for patients
were a diagnosis of frozen shoulder based on the presence of
the following: history of unilateral thoracic limb lameness,
severe restriction of shoulder extension (<110°) and flexion
(>90°), and pain on manipulation of the shoulder. Patients were
excluded from this study due to incomplete medical records or
loss of follow-up.

Diagnostic Imaging

Routine lateral and caudocranial radiographs of the shoulders
were performed in all eight dogs and evaluated by a board cer-
tified surgeon. Magnetic resonance imaging (MRI) was offered
to all patients and elected in five of the eight patients. An MRI
of the affected shoulder was performed using a 1.5-T MRI
unit. Musculoskeletal Diagnostic Ultrasound of the Shoulder
was also offered to all patients and elected in six of the eight
patients. If elected, patients were placed in lateral recumbency
and the shoulder was clipped and prepared routinely. A
15.4 MHz linear probe was used to acquire longitudinal and
cross-sectional images of the supraspinatus, biceps, infraspina-
tus, and teres minor tendons. The echogenicity, fiber pattern,
and size of each tendon was recorded and compared to the
contralateral, unaffected shoulder. The shoulder joint capsule
was also imaged in the same cross-sectional image to assess the
supraspinatus and biceps tendons. The echogenicity, integrity,
and thickness of the joint capsule was recorded and compared
to the contralateral, unaffected shoulder. The caudal humeral
head was also assessed on ultrasound to confirm the presence
of osteochondrosis or osteochondritis dissecans by placing
the transducer in a longitudinal fashion parallel to the caudal
humeral head.
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Shoulder Arthroscopy

A standard lateral portal was utilized for arthroscopic evalu-
ation of the affected shoulder. Following aseptic preparation, a
22-gage needle was placed into the shoulder. Synovial fluid was
aspirated using a 5-ml syringe to ensure the needle was in the
joint. Approximately 5-10 ml of saline was then injected into the
shoulder to distend the joint. A #15 blade was used to create a
stab incision through the skin to allow for insertion of the cannula
and trocar into the shoulder. The 1.9-mm arthroscope was then
inserted into the cannula. Due to severe soft tissue contracture
and joint space collapse, entry into the joint required fluoroscopic
assistance in one patient. Another small 1-cm incision was made
3 cm caudal to the scope portal for insertion of instruments.
Following arthroscopy, the incisions were closed routinely.

Regenerative Medicine Therapy

Regenerative medicine therapy consisting of adipose-derived
progenitor cell (ADPC) and autologous conditioned serum
(ACS) in the affected shoulder and an ultrasound-guided ADPC
and platelet-rich plasma (PRP) injection in any concurrently
affected tendons was offered to three patients.'

Adipose tissue was collected from the falciform ligament
within the abdomen during a routine ventral midline celiotomy.
Approximately 20 g of falciform adipose tissue was collected and
placed into a sterile container with Delbeccos modified Eagle’s
medium (DMEM) supplemented with fetal bovine serum (FBS),
penicillin, and streptomycin. Approximately 30 ml of blood was
collected from the jugular vein using an 18-gage butterfly needle
into a syringe with 5 ml of CPDA anti-coagulant. Both the adipose
and the blood samples were then prepared for shipment. Adipose
and blood samples were shipped in validated containers at 4°C to
Virginia Tech’s Regenerative Medicine Research Laboratory for
processing. Adipose was processed using established techniques
(33). The tissue was mechanically and enzymatically separated to
release ADPCs. The cells were then washed in phosphate-buffered
saline (PBS) and nucleated cells were counted and cultured in
stem cell media at 37°C in a 5% CO; incubator with 95% humid-
ity. Adherent cells were monitored daily for adherence, growth,
and phenotype. Once 70% confluent, cells were detached from
the flasks, washed in PBS, and suspended in autologous PRP.

!'Regenerative Medicine Service, Marion DuPont Scott Equine Medical Center,
Virginia-Maryland Regional College of Veterinary Medicine, Leesburg, VA, USA.

PRP was prepared from anti-coagulated blood via centrifugation
to obtain a fourfold increase in platelets and 80% reduction in
white blood cells over whole blood. Platelet and white blood cell
counts were performed for each sample to confirm appropriate
concentrations prior to use. The samples were then shipped back
to VOSM for injection at 4°C using validated shipping contain-
ers. Ultrasound guidance was used to administer ADPC-PRP
therapy with a fenestration technique (15, 17).

RESULTS

Population Sample

All patients included in this series were companion dogs. As
described in Table 1, there were three mixed breed dogs, three
Welsh Corgis, one German Shepherd Dog, and one Beagle. There
were five male castrated dogs and three female spayed dogs. The
mean age initial presentation was 8 years old (range 3-12 years
old). All patients presented with a history of a chronic, unilateral
forelimb lameness. One patient had a previous medical history of
left medial patellar luxation, a left cranial cruciate ligament rup-
ture and extracapsular suture repair, mitral valve insufficiency,
and elevated liver enzymes. One patient had a previous medical
history of hypothyroidism, which was controlled with medical
management. The other six patients had no history of previous
medical disease. Three patients had a history of previous trauma
to the affected shoulder 12-18 months prior to presentation.

Initial Orthopedic Examination

All eight patients had an initial orthopedic examination per-
formed by a board certified surgeon (see Table 1). All patients
initially presented with a chronic, grade III-VI/VI unilateral
forelimb lameness (5 left forelimb, 3 right forelimb) (Table 2).
On initial orthopedic examination, all dogs had moderate to
significant discomfort on shoulder extension and flexion and
restricted range of motion in the affected shoulder. In all patients,
shoulder extension was <110° and shoulder flexion was >90°.
Four patients were too painful to allow for range of motion or
abduction of the affected shoulder. Pain and spasm on direct
palpation of the supraspinatus and biceps tendon of the affected
limb was noted in two dogs. Pain in the medial compartment
of the elbow of the affected limb was appreciated in two dogs.
There was moderate to severe muscle atrophy of the shoulder
musculature of the affected limb in six dogs and mild muscle

TABLE 1 | Sample population, history, and physical examination.

Patient Age Sex Breed Trauma Lameness Decreased Muscle atrophy  Other
(years) ROM
1 3 MN Welsh corgi No Chronic 4-5/6 Yes Moderate Increased abduction; pain left elbow
2 5 FS Collie mix No Chronic 5-6/6 Yes Severe Swelling
3 10.5 FS Maltipoo Yes Chronic 5-6/6 Yes Mild
4 ih FS Beagle No Chronic 5-6/6 Yes Severe Mass cranial and medial to the shoulder
5 6 MN German No Chronic 3/6 Yes Moderate Increased abduction; “Loss of end feel”
Shepherd during the biceps stretch
6 7 MN Mixed No Chronic 5/6 Yes Severe “Loss of end feel” during the biceps stretch
7 12 MN Welsh corgi Yes Chronic 6/6 Yes Severe
8 8.5 MN Welsh corgi No Chronic 5-6/6 Yes Moderate “Loss of end feel” during the biceps stretch
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TABLE 2 | Lameness Numeric Rating Scale.

Grade of
lameness

Description

1 Lameness is not perceptible at a walk but perceptible at a trot
2 Lameness is perceptible at a walk and apparent at the trot

3 Lameness is apparent at both a walk and trot

4 Lameness is apparent at a walk and severe to non-weight
bearing at a trot

Non-weight bearing lameness at a walk and trot

6 Unable to rise and walk

)]

atrophy noted in two dogs. Soft tissue swelling and effusion of the
affected shoulder was appreciated in one patient. In one patient,
the biceps muscle felt contracted and shortened and significantly
limited elbow extension was noted. In three patients, there was
pain, spasm, and empty end feel during biceps stretch (pain
with no mechanical or anatomic resistance in shoulder flexion
with concurrent elbow extension). The remainder of orthopedic
examination was within normal limits in all patients. At the time
of initial consult, all patients were categorized to be in stage 2 of
the 4 stages associated with adhesive capsulitis.

Different diagnostics were performed on each dog, including
radiographs of the affected shoulder in all eight patients, diag-
nostic ultrasound in six of them, and arthroscopy in five of the
eight patients. Five dogs had MRI performed of the cervical spine
and affected shoulder. Arthrocentesis of the affected shoulder was
performed in four of the eight dogs and submitted for cytology,
whereas histopathology of the shoulder synovium was performed
in only one patient. Results are described in Table 3.

Radiographs

Routine lateral and caudocranial radiographs of the shoulders
were performed in all eight dogs.? Radiographs were unremark-
able in two of the eight dogs. Radiographs of the affected shoulder
revealed severe soft tissue swelling and periosteal reaction of
the distal scapula and humerus in one dog. Radiographs of the
affected shoulder revealed sclerosis within the insertion of the
capsule, teres, infraspinatus, and supraspinatus in four patients.
Two patients were noted to have remodeling and sclerosis
within the bicipital groove. Radiographs of the affected shoulder
revealed severe remodeling, sclerosis, and collapse in the joint
space in two patients (Figure 1). There was a large caudal glenoid
fragment noted in one patient. Three patients were noted to
have osteophytosis of the caudal humeral head with flattening of
the glenoid cavity. Radiographs of the unaffected shoulder and
both elbows were performed in all patients and did not have any
significant findings.

Diagnostic Ultrasound

Six of the eight dogs had an initial diagnostic ultrasound of the
shoulder that revealed evidence of fibrous scar tissue in all six dogs
(Figures 2-4).° A diagnostic ultrasound of the affected shoulder

2SoundEKklin, Sound™, Carlsbad, CA, USA.
*Hitachi-Aloka, Aloka, Wallingford, CO, USA.

in one patient revealed significant disruption of the supraspinatus
fiber pattern, with shortened, irregular fibers at the insertion. In
three of the six patients, diagnostic ultrasound of the affected
shoulder showed an intact and overall normal supraspinatus
insertion/origin. In the other three patients the supraspinatus was
noted to have areas of hypoechoic and hyperechoic foci with a
non-homogenous fiber pattern. In one patient, the supraspinatus
appeared to impinge upon the biceps tendon. In one patient, there
was a significant hyperechoic calcified foci impinging upon the
biceps groove in addition to a hyperechoic periosteal reaction
noted at the supraglenoid tubercle at the biceps origin. In three
patients, significant fiber disruption was noted at the point of
origin of the biceps, as well as large areas of hypoechogencity
and periosteal reaction at the supraglenoid tubercle. There were
changes in the surrounding connective tissue and infraspinatus
and teres tendons, indicating fibrous scar tissue/adhesions in
three patients. The joint capsule appeared hyperechoic, disrupted,
and thickened in two patients. There was a moderate amount of
shoulder joint effusion present in addition to free floating fibrous
tissue noted in one patient.

Magnetic Resonance Imaging

Magnetic resonance imaging was recommended in all patients
to evaluate the soft tissue structures of the shoulder, particularly
the joint capsule and supraspinatus tendon, which are commonly
affected in human patients with adhesive capsulitis. Five of the
eight patients elected to pursue MRI. Marked muscle atrophy
of the shoulder musculature was noted in all five patients that
had MRI of their cervical spine and affected shoulder. Moderate
shoulder effusion and enhancement of the synovial lining of the
shoulder, including the portion of the joint capsule that envelops
the biceps tendon was appreciated in four of the five patients
(Figure 5). Findings revealed a severe biceps tendinopathy
with mild shoulder effusion in the last patient. One patient was
noted to have damage to the supraspinatus tendon and medial
glenohumeral ligament and another patient had signs of severe
shoulder dysplasia with severe osteoarthritis, synovitis, and joint
capsule thickening in addition to mild supraspinatus, infraspi-
natus, and teres minor insertionopathy. Mild enlargement of the
axillary lymph node was noted in two of the patients.

Arthroscopy

Shoulder arthroscopy was performed in five of the eight patients.
A standard lateral portal was utilized for arthroscopic evalu-
ation of the affected shoulder. Following aseptic preparation, a
22-gage needle was placed into the shoulder. Synovial fluid was
aspirated using a 5 ml syringe to ensure the needle was in the
joint. Approximately 5-10 ml of saline was then injected into the
shoulder to distend the joint. A #15 blade was used to create a
stab incision through the skin to allow for insertion of the cannula
and trochar into the shoulder. The 1.9 mm arthroscope was then
inserted into the cannula. The shoulder was then assessed. A sig-
nificant amount of scar tissue and adhesions were diffusely noted
in three patients. The synovium was inflamed and disrupted in
all patients, but severe inflammation was noted throughout
the synovium of two patients (Figure 6). Moderate-to-severe
inflammation of the biceps tendon and a moderate bulge of the
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TABLE 3 | Diagnostics performed.

Patient Radiographs Ultrasound

MRI

Arthroscopy

Cytology and histopathology

1 Normal

Supraspinatus disruption; biceps
tendon sheath effusion

Marked joint effusion and synovitis;

damage to the supraspinatus tendon

and medial glenohumeral ligament

Biceps tendinopathy; impingement of the biceps
tendon; fraying and disruption of the subscapularis
and of the MGL,; disruption of joint capsule; grade
[/IV cartilage erosion along the caudal humeral
head and glenoid; RF treatment was performed

Mild mononuclear inflammation
(76% large mononuclear cells and
24% small mononuclear cells)
Negative culture

‘I8 18 1eD

10" UISIBNUOL MMM | 80USI0S ATBULIBIOA Ul SIONUOI-

GG ey | g ewniop | 910z Anp

2 Severe soft tissue swelling; N/A N/A NA Mononuclear Inflammation (large
periosteal reaction of distal mononuclear cells predominate)
scapula and proximal Negative culture

Lymphoplasmacytic synovitis with
fibrosis
3 Sclerosis within the insertion Fibrous scar tissue/adhesions N/A Collapsed joint capsule; severe capsular adhesion;  N/A
of the teres, infraspinatus, and grade IV/IV cartilage erosion of humeral head; MUA
supraspinatus; large caudal performed, abrasion arthroplasty performed, caudal
glenoid fragment; bone spur off glenoid fragment removed
caudal humeral head; flattening of
glenoid cavity
4 Normal Significant fibrous/periosteal reaction Marked shoulder effusion; severe N/A Mononuclear inflammation (large
around the whole shoulder joint, inflammation of the shoulder joint mononuclear cells predominate)
including the biceps groove and capsule Negative culture
infraspinatus insertion area

5 Remodeling and sclerosis within Bilateral supraspinatus tendinopathy =~ N/A Significant adhesions and fibrosis surrounding N/A

biceps tendon (debrided); severe supraspinatus
bulge; severe synovitis; grade IV/IV cartilage lesions
on humeral head. Abrasion arthroplasty performed,
RF performed to all areas of inflammation and
disruption

the bicipital groove; osteophyte
off the caudal humeral head and
glenoid cavity

Significant inflammation of the glenohumeral Chronic sterile histiocytic
ligament, synovium, subscapularis tendon and joint  inflammation, low-to-moderate
capsule; mild bulge of the supraspinatus creating grade chronic hemorrhage
impingement of the biceps

6 Sclerotic rim at the region of Severe disruption and
insertion of the capsule and insertionopathy of the right
tendons at the proximal humerus/  biceps muscle/tendon unit; right
humeral head supraspinatus tendinopathy;
moderate disruption and
insertionopathy of the left biceps

Right shoulder muscular atrophy,
severe biceps tendinopathy, mild
shoulder effusion

tendon
7 Severe remodeling, sclerosis, and  N/A Severe joint inflammation and marked  Shoulder joint collapsed; unable to identify normal N/A
collapse in joint space; periosteal enhancement of the joint capsule anatomy; grade IV/IV cartilage erosion caudal
reaction along the proximal humeral head. Abrasion arthroplasty performed and
humerus and distal scapula MUA performed
8 Severe osteoarthritis; irregular new  Chronic biceps tendinopathy and Right shoulder dysplasia with N/A N/A
bone proliferation in the region of  bursitis, bilateral teres minor chronic  severe osteoarthritis, synovitis and
the bicipital groove; less severe tendinopathy joint capsule thickening; biceps
changes in the contralateral tenosynovitis; mild supraspinatus,
shoulder infraspinatus, and teres minor
insertionopathy. Mild left shoulder
dysplasia

sBoq 1yB13 ul spnsde) eniseypy
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FIGURE 1 | A right lateral shoulder radiograph of a patient diagnosed
with adhesive capsulitis. There is a sclerotic rim at the region of insertion
of the capsule and tendons at the proximal humerus and humeral head.

FIGURE 2 | A longitudinal diagnostic ultrasound of the shoulder
revealed evidence of significant fibrous scar tissue and disruption of
the supraspinatus fiber pattern (red arrows).

supraspinatus, creating significant impingement of the biceps
tendon was noted in one patient. Mild-to-moderate fraying and
disruption of the subscapularis, medial glenohumeral ligament,
and medial compartment/joint capsule was noted. Areas of grade
III-IV/IV cartilage erosion on Modified Outerbridge Cartilage
Scoring were noted along the caudal humeral head and glenoid in
three patients (Figure 7). In these patients, abrasion arthroplasty
was then performed. A large caudal glenoid slab fracture was
noted and subsequently removed in one patient. In one patient,
the entire joint space had collapsed, and the scapular-humeral
joint appeared to have ankylosed through soft tissue contracture.

FIGURE 3 | A cross-sectional diagnostic ultrasound of the shoulder
revealed evidence of significant fibrous scar tissue (green arrow),
shoulder effusion (blue arrow), and hyperechoic changes of the
biceps (red arrow).

FIGURE 4 | A longitudinal diagnostic ultrasound image of the shoulder
revealed evidence of significant fibrous/periosteal reaction around
the whole shoulder joint, including the infraspinatus insertion area
(green arrow).

In this patient, no normal anatomy could be identified at the time
of arthroscopy. All incisions were routinely closed.

One patient had a second-look arthroscopic exploration of the
affected shoulder 8 weeks following ADPC-PRP therapy, which
revealed severe inflammation and tenosynovitis of the biceps
tendon, with inflammation evident within the bicipital groove.
The tendon had an “hour glass” appearance, and when probed,
an area of irregularity and weakness in the fiber pattern was
appreciated. Arthroscopic release of the tendon was performed.
The previously noted bulge of the supraspinatus was significantly
improved. The medial glenohumeral ligament and subscapularis
were significantly improved, and areas of neovascularization/
new blood supply were noted. Fibrocartilaganous growth was
noted on the caudal humeral head and glenoid cavity. Significant
synovitis was still noted.

Cytology and Histopathology

Arthrocentesis of the affected shoulder was performed in four of
the eight dogs and submitted for cytology. Cytology results were
consistent with mononuclear inflammation (large mononuclear
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FIGURE 5 | This is an MRI T2 sagittal view of a patient diagnosed with
adhesive capsulitis. There is moderate shoulder effusion and enhancement
of the synovial lining of the shoulder, including the portion of the joint capsule
that envelops the biceps tendon was present.

cells predominated) in three dogs and chronic sterile histiocytic
inflammation with low grade to moderate and low-grade chronic
hemorrhage in one dog. Histopathology of the shoulder syn-
ovium was performed in one patient and consistent with marked
lymphoplasmacytic synovitis with fibrosis.

Conservative Management

All eight patients tried conservative management (Table4). Seven
patients were prescribed a non-steroidal anti-inflammatory
medication (carprofen 2 mg/kg by mouth every 12 h, deracoxib
1-2 mg/kg by mouth every 24 h, or meloxicam 0.1 mg/kg by
mouth every 24 h) and tramadol (2-4 mg/kg by mouth every
8 h). The other patient was prescribed codeine after a course of
tramadol. Five dogs were prescribed gabapentin (5 mg/kg by
mouth every 12 h). Four dogs were prescribed methocarbamol
(15 mg/kg by mouth every 12 h). Three dogs were prescribed
traumeel, a homeopathic, anti-inflammatory agent used to treat
inflammation and pain (2 tablets by mouth every 8 h). All patients
were directed to take a glucosamine/chondroitin sulfate joint

FIGURE 6 | In all patients, arthroscopy of the affected shoulder
revealed the synovium was inflamed and disrupted.

FIGURE 7 | Areas of grade Ill/IV cartilage erosion on Modified
Outerbridge Cartilage Scoring System were noted along the caudal
humeral head and glenoid during arthroscopy in this patient
diagnosed with adhesive capsulitis.

supplement and omega-3 fatty acid supplement. Two patients
were prescribed a course of prednisone (1 mg/kg by mouth every
24 h). Three patients received an intra-articular corticosteroid
injection (methylprednisolone acetate, 20 mg). Seven patients
participated in weekly rehabilitation, consisting of manual therapy
(massage, stretching, passive range of motion, joint manipula-
tion), therapeutic ultrasound/transcutaneous electrical nerve
stimulation (TENS) combination therapy (frequency 2 MHz,
intensity 0.5 pps, 5 min, duty 50%), laser/LED therapy to the
carpi, elbows, supraspinatus, shoulders, scapula, and paraspinal
musculature (dose: 5 J/cm?), and magnetic field therapy.* Five of
the eight dogs elected to try underwater treadmill hydrotherapy,
but discontinued after two sessions due to worsening of lameness.
Owners elected amputation in one patient after the patient did
not respond to conservative management with medical therapy

“The Dynatron Solaris 708, Dynatronics, Salt Lake City, UT, USA.
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TABLE 4 | Treatments performed.

Patient LLLT Therapeutic ultrasound ESWT UWTM IA steroids Regenerative medicine Amputation
1 Yes Yes Yes Yes Yes IA ACS/ADSC No
IT PRP/ADSC
2 Yes Yes Yes No Yes No Yes
3 Yes Yes Yes Yes No No No
4 Yes Yes Yes No No No No
5 Yes Yes Yes IA ACS/ADSC
IT PRP/ADSC
6 Yes Yes No Yes No No No
7 Yes Yes Yes Yes IA ACS/ADSC
8 No No Yes No No No No

and rehabilitation therapy. Five of the eight dogs received three
sessions of extracorporeal shockwave therapy (ESWT) at 2-week
intervals (3.54 m] applied at 0.14 mJ/mm? 240 shocks/min,
1000 shocks).” Slight improvement in lameness was noted in
two of the five patients that received ESTW; however, the other
three did not show significant improvement. Both patients that
showed improvement originally presented with a grade V-VI/VI
unilateral forelimb lameness, and after three sessions of ESWT
at 2-week intervals, the patients had improved to a grade IV/VI
unilateral forelimb lameness at a recheck examination 2 weeks
after finishing ESWT.

Stem Cell Therapy

Three patients received an intra-articular injection of ADPC and
ACS in the affected shoulder and two of them received an ultra-
sound-guided ADPC and leukocyte-poor PRP injection in the
affected supraspinatus (see text footnote 1) (15-17). A diagnostic
ultrasound re-evaluation was performed at 4 and 8 weeks follow-
ing regenerative medicine therapy. At 4 weeks, the supraspinatus
tendon appeared to have a more organized fiber pattern and
no impinge upon the biceps tendon as previously noted in two
patients. However, both patients still had moderate shoulder joint
and bicipital sheath effusion. At 8 weeks following regenerative
medicine therapy, neither patient’s lameness nor diagnostic
ultrasound findings had improved. One patient elected to pur-
sue a second ultrasound-guided ADPC-PRP injection in the
affected supraspinatus and ADPC-ACS in the affected shoulder
was performed. A recheck diagnostic ultrasound of the affected
shoulder was performed 4 weeks later in this patient. Findings in
the affected shoulder revealed chronic fibrous changes were still
present. There also appeared to be an area of fibrous contracture
developing within the infraspinatus and teres tendons, which were
previously noted as normal. Eight weeks later, no improvement
in lameness or diagnostic ultrasound findings was noted. A third
ultrasound-guided ADPC-PRP injection was injected into the
supraspinatus tendon bilaterally and ADPC-ACS were injected
into the affected shoulder. A recheck diagnostic ultrasound of
the shoulder was performed 8 weeks later, which revealed the
supraspinatus fibers appeared more organized and homogene-
ous. However, a significant amount of hyperechoic chronic

*VersaTron 4 Paws Trode, PulseVet, Alpharetta, GA, USA.

fibrous and periosteal changes noted along the biceps groove. The
joint capsule appeared unorganized, hyperechoic, and thickened.
The teres tendon and infraspinatus insertion point appeared
remodeled and showed hyperechoic fibrous tissue similar to prior
scans. The area identified as a firm area within the muscle belly
of the infraspinatus on palpation and restricting full shoulder
extension on manual palpation remained unchanged. Overall, no
improvement was appreciated on diagnostic ultrasound in spite
of regenerative medicine therapy in this patient.

Follow-Up

Three of the eight dogs were lost to follow up. A mean of
20.5 months follow-up was available (range 12-29 months). Five
owners were asked to fill out a questionnaire and Canine Brief
Pain Inventory at the time of re-evaluation. None of the five dogs
were reported to have any improvement since their last visit at
VOSM. One of the four dogs had died of an unrelated cause. Four
of the five dogs were still said to be non-weight bearing the major-
ity of the time in the affected limb. One dog was reported to have
a mild weight bearing lameness, which worsens after 15 min of
walking activity. None of the owners felt that any of the therapies
or treatments attempted helped; however, two owners reported
that their dog appeared to be subjectively more comfortable
immediately following rehabilitation therapy. Three of the five
owners felt that having a frozen shoulder significantly interfered
with their dogs gait, general activities, and enjoyment of life.

DISCUSSION

Despite anatomical difference between human and canine
shoulders, orthopedic examination findings in the eight patients
appear to be similar to those of human patients with adhesive
capsulitis. Human patients present with restricted ROM, pain
on shoulder manipulation, and impaired function. Similarly,
all eight of the patients initially presented with a chronic, grade
II-VI/VI unilateral forelimb lameness and had moderate to
significant discomfort on and restriction of shoulder extension
and flexion. While intra-articular anesthesia is commonly used
in humans at the time of diagnosis, this was not performed at the
time of initial consult in the patients included in this study due
to the need for sedation. However, all patients were sedated and/
or anesthetized for either diagnostics or treatment, at which time
shoulder extension and flexion were confirmed to be restricted.
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Cytologic and histopathologic findings were consistent with
findings appreciated in human patients with adhesive capsulitis
in the four patients who pursued these diagnostics. Three of the
eight patients had a history of previous trauma to the affected
limb. This could suggest that this patient had adhesive capsulitis
secondary to chronic inflammation and instability. However,
while the other five patients had no history of trauma, all patients
had a history of a chronic, unilateral forelimb lameness. It is
unclear in these cases whether the adhesive diagnosis is primary
or potentially secondary to a chronic, untreated shoulder pathol-
ogy. In the authors’ opinion, just as in humans, adhesive capsulitis
may be the end-stage manifestation of several primary conditions,
it seems possible that regardless of the etiology of the primary
shoulder pathology, chronic, untreated shoulder pathology
could lead to adhesive capsulitis (2). Further study is necessary
to confirm this. Additionally, three of the eight patients in this
study were Corgis. Future studies should be performed to assess
if there is either a breed predilection or congenital condition that
predisposes patients to developing adhesive capsulitis.

While adhesive capsulitis in humans is usually a clinical
diagnosis made upon review of patient history and assessment
of range of motion before and after injection of local anesthetic,
diagnostic imaging is performed to rule out other differential
diagnosis and fully evaluate the shoulder. Radiographs of
the shoulder are performed to rule out other comorbidities,
including fracture, dislocation, calcific tendonitis/bursitis, acro-
mioclavicular arthrosis, and abnormal acromial morphology. CT
would have been required to further evaluate the cartilage and
boney structures of the joint. However, in this case series, MRI
was recommended over CT to evaluate the soft tissue structures
of the shoulder, which was the primary area of interest. MRI is
routinely performed in humans with suspected frozen shoulder
to evaluate the soft tissue structures of the shoulder, includ-
ing the joint capsule, rotator cuff, biceps, glenohumeral, and
coracohumeral ligaments. Shoulder effusion and enhancement
of the synovial lining of the shoulder, including the portion
of the joint capsule that envelops the biceps tendon, has been
documented in human patients with frozen shoulder (18). One
recent study also reported that 62% of human patients with
idiopathic adhesive capsulitis were found to have concurrent
supraspinatus lesions on MRI (19). Four of the five patients who
had an MRI were found to have moderate shoulder effusion and
enhancement of the synovial lining of the shoulder, which has
also been documented in human patients with frozen shoulder
(18). One patient was also found to have MRI findings consist-
ent with supraspinatus tendinopathy in the affected limb and
another was found to have signs of supraspinatus, infraspinatus,
and teres minor insertionopathy, which have also been reported
in humans.

Diagnostic ultrasound is also used to evaluate the soft tissue
structures of the shoulder in patients with suspected frozen
shoulder. Findings that have been seen in patients with adhesive
capsulitis are enhanced vascularity and hypoechoic change
around the rotator interval (20, 21). Dynamic sonography has
been used to help diagnose adhesive capsulitis, which reveals a
limited but continuous sliding movement of the supraspinatus
tendon against the acromion of the scapula (22). Six of the eight

dogs had an initial diagnostic ultrasound performed, all of which
revealed evidence of eftusion, thickening of the synovium, and
fibrous scar tissue. Three dogs were noted to have changes con-
sistent with supraspinatus and biceps tendinopathy. Two dogs
had recheck diagnostic ultrasounds performed after receiving
ultrasound-guided ADPC and PRP injection in the supraspinatus
and ADPC and ACS in the affected shoulder. While the fiber
pattern of the supraspinatus was noted to be more regular and
homogeneous, moderate inflammation and fibrous changes were
still appreciated.

Arthroscopy was performed in five of the eight patients. Just as
in human patients with adhesive capsulitis (23), significant adhe-
sions, fibrous scar tissue of the joint capsule, severe inflammation
throughout the synovium, severe soft tissue contracture, and loss
of capsular volume were found, all of which are very characteristic
findings in human patients with adhesive capsulitis.

Treatment offered to human patients with adhesive capsulitis
depends on the stage of the disease and clinical symptoms. Frozen
shoulder was originally described as a self-limiting disease, and
supervised neglect with analgesia, supervised physical therapy,
and/or intra-articular corticosteroid injections were recom-
mended (24). Recent studies report that 90% of cases resolve
with conservative therapy, which often includes non-steroidal
anti-inflammatory medications, intra articular corticosteroid
injections, oral steroids, and physical therapy and rehabilitation
(6). Intra-articular corticosteroid injections are commonly used
and have been reported to have similar outcomes to physiotherapy
alone and to more invasive measurements, such as manipulation
and hydrodilation (25-27). Moreover, a double-blind, sham-
controlled randomized study demonstrated that corticosteroid
injections were better than a sham injection in improving shoul-
der pain at 6 weeks, and the effect was maintained for 12 weeks
(28). Interestingly, one recent prospective study compared inten-
sive physical therapy, including passive stretching and manual
mobilization versus supportive therapy and exercises with pain
limits, or “supervised neglect” and found that patients receiving
intensive physical therapy did not do as well as those treated with
supervised neglect (29).

In this case series, conservative management consisting of oral
medications, intra-articular depomedrol injection, laser/LED
therapy, massage therapy, therapeutic ultrasound, magnetic field
therapy, and hydrotherapy did not appear to have a significant
clinical effect. Of the treatment modalities performed, ESWT
seemed to be the most effective treatment modality. Of the five that
received ESWT, two showed clinical improvement in lameness.
Those dogs originally presented with a grade V-VI/VI unilateral
forelimb lameness, and after three sessions of ESWT at 2-week
intervals, the patients had improved to a grade IV/VI unilateral
forelimb lameness. Two patients received ultrasound-guided
ADPC and PRP injection in the affected supraspinatus, and
ADPC and ACS in the affected shoulder. While the supraspinatus
fibers appeared more homogeneous and organized on 4-week
recheck diagnostic ultrasound, suggesting that the supraspinatus
tendinopathy had improved, both cases still had evidence of
severe, chronic fibrous changes present within the joint and joint
capsule. There are currently no reports of the use of stem cell or
PRP therapy for adhesive capsulitis in humans.
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While conservative management is successful in many of
human cases, if there is little to no improvement, surgery may
be indicated (7). A recent prospective, randomized study, which
compared arthroscopic capsular release to a gentle home stretch-
ing program, demonstrated both treatment options to be effective
treatment modalities (30). Goals of surgery are to decrease pain,
improve ROM, improve function, and shorten natural history
of disorder (1, 31-33). The mainstay of surgical treatment is to
perform arthroscopic capsular release (1, 2, 31-33). Postoperative
care regiments generally include starting physical therapy within
1-2 days of surgery, and patients are encouraged to participate
in a physical therapy program for 8-10 weeks (1). Recent studies
suggest more patients have pain free range of motion around
10 weeks postoperatively (33). Moreover, patients reported
excellent outcome following an arthroscopic anterior capsule
and rotator interval release (34). To the authors’ knowledge, there
are currently no reports documenting surgical treatment of this
condition in dogs. Further study is needed to assess the efficacy of
surgical management of adhesive capsulitis in dogs.

Adhesive capsulitis is an uncommon cause of chronic
forelimb lameness. Due to the rare nature of this condition,
this case series only describe eight patients. While the initial
presentation of adhesive capsulitis in dogs is very similar to that
in humans, the progression, response to therapy, and outcomes
found in this study were not (35, 36). Recent studies performed
in humans show that adhesive capsulitis often resolves with
conservative management (6, 25-29, 36). However, none of the
patients treated had complete resolution or significant improve-
ment, regardless of the therapy elected. It is also important to
note that while many of these patients had evidence on diag-
nostic imaging (diagnostic ultrasound or MRI) of concurrent
supraspinatus, biceps, and/or infraspinatus tendinopathies,
the progression, response to therapy, and outcomes are also

REFERENCES

1. Chalmers PN, Sherman SL, Ghodadra N, Nicholson GP. Arthroscopic man-
agement of frozen shoulder. In: Flatow E, Colvin AC, editors. AAOS Atlas
of Essential Orthopaedic Procedures. Rosemont, IL: American Academy of
Orthopaedic Surgeons (2013). p. 153-7.

2. Binder Al Bulgen DY, Hazleman BL, Roberts S. Frozen shoulder: a long-term
prospective study. Ann Rheum Dis (1984) 43:361-4. doi:10.1136/ard.43.3.361

3. Warner JJ. Frozen shoulder: diagnosis and management. ] Am Acad Orthop
Surg (1997) 5:130-40. doi:10.5435/00124635-199705000-00002

4. Hannafin JA, Chiaia TA. Adhesive capsulitis: a treatment approach. Clin
Orthop Relat Res (2000) 372:95-109. doi:10.1097/00003086-200003000-00012

5. Neviaser AS, Hannafin JA. Adhesive capsulitis: a review of current treatment.
Am ] Sports Med (2010) 38:2346-56. doi:10.1177/0363546509348048

6. Griggs SM, Ahn A, Green A. Idiopathic adhesive capsulitis: a prospective
functional outcome study of nonoperative treatment. ] Bone Joint Surg Am
(2000) 82:1398-407.

7. Levine WN, Kashyap CP, Bak SE Ahmad CS, Blaine TA, Bigliani LU.
Nonoperative management of idiopathic adhesive capsulitis. J Shoulder Elbow
Surg (2007) 16:569-73. d0i:10.1016/j.jse.2006.12.007

8. Neviaser R], Neviaser TJ. The frozen shoulder: diagnosis and management.
Clin Orthop Relat Res (1987) 223:59-64.

9. Massoud SN, Pearse EO, Levy O, Copeland SA. Operative management of

the frozen shoulder in patients with diabetes. J Shoulder Elbow Surg (2002)

11:609-13. doi:10.1067/mse.2002.127301

Ogilvie-Harris DJ, Myerthall S. The diabetic frozen shoulder: arthroscopic

release. Arthroscopy (1997) 13:1-8. doi:10.1016/S0749-8063(97)90203-6

10.

not consistent with a primary supraspinatus, biceps, and/or
infraspinatus tendinopathy. Further investigation is needed
to further describe the etiology and pathogenesis of adhesive
capsulitis in dogs. Future controlled, randomized, and blinded
investigations with validated objective outcome measures
are also warranted to evaluate the effectiveness of both non-
surgical and surgical treatment modalities, establish treatment
protocols, and evaluate short- and long-term clinical outcome
of patients.

ETHICS STATEMENT

Inaccordancewith AAALAC International Rules of Accreditation,
this retrospective study was performed with the approval of the
VOSM Research Committee and with owner consent. In this ret-
rospective study, all dogs whose records were reviewed were client
owned dogs. All clients volunteered their dog for the study and
provided written consent as required by Veterinary Orthopedic
and Sports Medicine Group for every study participant.

AUTHOR CONTRIBUTIONS

All authors have made substantial contributions to the concep-
tion or design of the work. All authors have participated in the
acquisition, analysis, or interpretation of data for the work. All
authors have contributed to the drafting the work and revising
it. All authors have consented final approval of the version to
be published and agreed to be accountable for all aspects of
the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated
and resolved.

11. Bowman CA, Jeffcoate W], Pattrick M, Doherty M. Bilateral adhesive capsuli-
tis, oligoarthritis and proximal myopathy as presentation of hypothyroidism.
Br ] Rheumatol (1988) 27:62-4. doi:10.1093/rheumatology/27.1.62
‘Wohlgethan JR. Frozen shoulder in hyperthyroidism. Arthritis Rheum (1987)
30:936-9. doi:10.1002/art.1780300815

Sheridan MA, Hannafin JA. Upper extremity: emphasis on frozen shoulder.
Orthop Clin North Am (2006) 37:531-9. doi:10.1016/j.0c1.2006.09.009
Hannafin JA, DiCarlo ER, Wickiewicz TL, Warren RE Adhesive capsulitis:
capsular fibroplasias of the glenohumeral joint. ] Shoulder Elbow Surg
(1994) 3:5.

Rha DW, Park GY, Kim YK, Kim MT, Lee SC. Comparison of the therapeutic
effects of ultrasound-guided platelet-rich plasma injection and dry needling
in rotator cuff disease: a randomized controlled trial. Clin Rehabil (2013)
27(2):113-22. doi:10.1177/0269215512448388

Atashi F Jaconi MEE, Pittet-Cuenod B, Modarressi A. Autologous
platelet-rich plasma: a biological supplement to enhance adipose-derived
mesenchymal stem cell expansion. Tissue Eng (2015) 21:253-62. doi:10.1089/
ten.TEC.2014.0206

Chiavaras MM, Jacobson JA. Ultrasound-guided tendon fenestration. Semin
Musculoskelet Radiol (2013) 17(1):85-90. doi:10.1055/s-0033-1333942
Carrillon Y, Noel E, Fantino O, Perrin-Fayolle O, Tran-Minh VA. Magnetic
resonance imaging findings in idiopathic adhesive capsulitis of the shoulder.
Rev Rhum Engl Ed (1999) 66:201-6.

Yoo JC, Ahn JH, Lee YS, Koh KH. Magnetic resonance arthrographic
findings of presumed stage-2 adhesive capsulitis: focus on combined
rotator cuff pathology. Orthopedics (2009) 32:22. doi:10.3928/01477447-
20090101-29

12.

13.

14.

15.

16.

17.

18.

19.

Frontiers in Veterinary Science | www.frontiersin.org

July 2016 | Volume 3 | Article 55


http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive
http://dx.doi.org/10.1136/ard.43.3.361
http://dx.doi.org/10.5435/00124635-199705000-00002
http://dx.doi.org/10.1097/00003086-200003000-00012
http://dx.doi.org/10.1177/0363546509348048
http://dx.doi.org/10.1016/j.jse.2006.12.007
http://dx.doi.org/10.1067/mse.2002.127301
http://dx.doi.org/10.1016/S0749-8063(97)90203-6
http://dx.doi.org/10.1093/rheumatology/27.1.62
http://dx.doi.org/10.1002/art.1780300815
http://dx.doi.org/10.1016/j.ocl.2006.09.009
http://dx.doi.org/10.1177/0269215512448388
http://dx.doi.org/10.1089/ten.TEC.2014.0206
http://dx.doi.org/10.1089/ten.TEC.2014.0206
http://dx.doi.org/10.1055/s-0033-1333942
http://dx.doi.org/10.3928/01477447-20090101-29
http://dx.doi.org/10.3928/01477447-20090101-29

Carr et al.

Adhesive Capsulitis in Eight Dogs

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Lee JC, Sykes C, Saifuddin A, Connel D. Adhesive capsulitis: sonographic
changes in the rotator cuff interval with arthroscopic correlation. Skeletal
Radiol (2005) 34:522-7. doi:10.1007/s00256-005-0957-0

Walmsley S, Osmotherly PG, Walker CJ, Rivett DA. Power doppler ultraso-
nography in the early diagnosis of primary/idiopathic adhesive capsulitis: an
exploratory study. ] Manipulative Physiol Ther (2013) 36:428-35.d0i:10.1016/j.
jmpt.2013.05.024

Ryu KN, Lee SW, Rhee YG, Lim JH. Adhesive capsulitis of the shoulder joint:
usefulness of dynamic sonography. J Ultrasound Med (1993) 12:445-9.
HandGC, AthanasouNA, MatthewsT,CarrAJ. Thepathologyoffrozenshoulder.
J Bone Joint Surg Br (2007) 89:928-32. doi:10.1302/0301-620X.89B7.19097
Hsu JE, Warrender W], Abboud JA. Current review of adhesive capsulitis.
J Shoulder Elbow Surg (2011) 20:502-14. doi:10.1016/j.jse.2010.08.023

Jacobs LG, Smith MG, Khan SA, Smith K, Joshi M. Manipulation or
intra-articular steroids in the management of adhesive capsulitis of the
shoulder? A prospective randomized trial. ] Shoulder Elbow Surg (2009)
18:348-53. d0i:10.1016/j.jse.2009.02.002

Ryans I, Montgomery A, Galway R, Kernohan WG, McKane R. A randomized
controlled trial of intra-articular triamcinolone and/or physiotherapy in
shoulder capsulitis. Rheumatology (Oxford) (2005) 44:529-35. doi:10.1093/
rheumatology/keh535

Tveita EK, Tariq R, Sesseng S, Juel NG, Bautz-Holter E. Hydrodilatation,
corticosteroids and adhesive capsulitis: a randomized controlled trial. BMC
Musculoskelet Disord (2008) 9:53. d0i:10.1186/1471-2474-9-53

Prestgaard T, Wormgoor ME, Haugen S, Harstad H, Mowinckel P, Brox JI.
Ultrasound-guided intraarticular and rotator interval corticosteroid injections
inadhesive capsulitis of the shoulder: adouble-blind, sham-controlled random-
ized study. Pain (2015) 156:1683-91. doi:10.1097/j.pain.0000000000000209
Diercks RL, Stevens M. Gentle thawing of the frozen shoulder: a prospective
study of supervised neglect versus intensive physical therapy in seventy-seven
patients with frozen shoulder syndrome followed up for two years. ] Shoulder
Elbow Surg (2004) 13:499-502. doi:10.1016/j.jse.2004.03.002

Smitherman JA, Struk AM, Cricchio M, McFadden G, Dell RB, Horodyski
M, et al. Arthroscopy and manipulation versus home therapy program in

31.

32.

33.

34.

35.

36.

treatment of adhesive capsulitis of the shoulder: a prospective randomized
study. J Surg Orthop Adv (2015) 24:69-74.

Le Lievre HM, Murrell GA. Long-term outcomes after arthroscopic capsular
release for idiopathic adhesive capsulitis. ] Bone Joint Surg Am (2012)
94:1208-16. doi:10.2106/JBJS.].00952

Holloway GB, Schenk T, Williams GR, Ramsey ML, Iannotti JP. Arthroscopic
capsular release for the treatment of refractory postoperative or post-fracture
shoulder stiffness. ] Bone Joint Surg Am (2001) 83:1682-7.

Nicholson GP. Arthroscopic capsular release for stiff shoulders: effect
of etiology on outcomes. Arthroscopy (2003) 19:40-9. doi:10.1053/
jars.2003.50010

Ray RK, Patel A, Cox G, Cole A. Patient satisfaction and patient reported
outcome measure data in arthroscopic release of frozen shoulder.
Orthop Rheumatol Open Access ] (2015) 1:555553. doi:10.19080/
OROAJ.2015.01.555553

Schollmeier G, Uhthoff HK, Sarkar K, Fukuhara K. Effects of immobilization
on the capsule of the canine glenohumeral joint. A structural functional study.
Clin Orthop Relat Res (1994) 304:37-42.

Zukerman JD, Rokito A. Frozen shoulder: a consensus definition. ] Shoulder
Elbow Surg (2011) 20:322-5. doi:10.1016/j.jse.2010.07.008

Conflict of Interest Statement: The authors certify that they have no affiliations
with or involvement in any organization or entity with any financial interest,
or non-financial interest in the subject matter or materials discussed in this
manuscript.

Copyright © 2016 Carr, Canapp, Canapp, Gamble and Dycus. This is an
open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) or licensor are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.

Frontiers in Veterinary Science | www.frontiersin.org

11

July 2016 | Volume 3 | Article 55


http://www.frontiersin.org/Veterinary_Science
http://www.frontiersin.org
http://www.frontiersin.org/Veterinary_Science/archive
http://dx.doi.org/10.1007/s00256-005-0957-0
http://dx.doi.org/10.1016/j.jmpt.2013.05.024
http://dx.doi.org/10.1016/j.jmpt.2013.05.024
http://dx.doi.org/10.1302/0301-620X.89B7.19097
http://dx.doi.org/10.1016/j.jse.2010.08.023
http://dx.doi.org/10.1016/j.jse.2009.02.002
http://dx.doi.org/10.1093/rheumatology/keh535
http://dx.doi.org/10.1093/rheumatology/keh535
http://dx.doi.org/10.1186/1471-2474-9-53
http://dx.doi.org/10.1097/j.pain.0000000000000209
http://dx.doi.org/10.1016/j.jse.2004.03.002
http://dx.doi.org/10.2106/JBJS.J.00952
http://dx.doi.org/10.1053/jars.2003.50010
http://dx.doi.org/10.1053/jars.2003.50010
http://dx.doi.org/10.19080/OROAJ.2015.01.555553
http://dx.doi.org/10.19080/OROAJ.2015.01.555553
http://dx.doi.org/10.1016/j.jse.2010.07.008
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Adhesive Capsulitis in Eight Dogs: Diagnosis and Management
	Introduction
	Materials and Methods
	Diagnostic Imaging
	Shoulder Arthroscopy
	Regenerative Medicine Therapy

	Results
	Population Sample
	Initial Orthopedic Examination
	Radiographs
	Diagnostic Ultrasound
	Magnetic Resonance Imaging
	Arthroscopy
	Cytology and Histopathology
	Conservative Management
	Stem Cell Therapy
	Follow-Up

	Discussion
	Ethics Statement
	Author Contributions
	References




