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Abstract 

Background  Canine panosteitis is a self-limiting developmental orthopedic disease that, despite its name, causes 
bone marrow adipocyte degeneration and replacement by fibrous tissue. Pain-related lameness is the main clinical 
sign in young dogs from predisposed breeds such as German Shepherd. Etiology is unknown, and characteristic radi-
ographic sign is increased medullary opacity of affected bone. This case series describes clinical course, radiographic 
findings, therapy and vaccination schemes adopted in four non-related German Shepherd dogs affected by panostei-
tis and attended sequentially at a private veterinary diagnostic center.

Case presentation  Lameness was the unanimous clinical sign, accompanied by increased medullary radiopacity 
of the affected bone. Prescription medication included analgesic drugs and in two cases, nutraceuticals. Calcium 
supplement was prescribed for one of the dogs, but it was not administered by the owner. All dogs had full recovery 
from 2 to 14 days followed drug administration. Despite commonly described features, a high number of vaccine 
doses per patient, in the first months of age, were an intriguing observation, raising question about vaccination 
and the immune system influence in triggering such diseases in predisposed dogs.

Conclusions  Although a common disease, panosteitis etiology remains undefined. Under this scenario and the pre-
sented cases, further research in order to revise vaccination protocols is advised for panosteitis predisposed breeds 
such as German Shepherd. Besides, local veterinary clinicians’ unawareness of the disease was evident in many 
aspects and affected therapeutic prescription although not compromising patient recovery.
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Background
Panosteitis is a self-limiting disease of unknown etiol-
ogy that affects bone marrow of long bones (Demko 
and McLaughlin 2005; Kieves 2021; Tudor 2022). It was 
first described in 1951 in young German Shepherd dogs 

(Lenehan et al 1985), and it was also referred to as juve-
nile osteomyelitis, enostosis, eosinophilic panosteitis and 
shifting leg lameness (Lenehan et al 1985; Fossum 2018; 
Tudor 2022).

Panosteitis affects dogs within the first year of age up 
to two years old in most of the cases. Large and giant 
breeds, such as German Shepherd, Doberman Pinscher, 
Golden and Labrador Retriever, Saint Bernard, Great 
Dane and Basset Hound, are more commonly impacted; 
in addition, male dogs are four times more frequently 
affected than females (Pollard and Phillips 2018; Fossum 
2018; Kieves 2021; Tudor 2022). Thoracic limbs are more 
compromised than pelvic limbs (Kieves 2021), and most 
cited affected bones are humerus, femur, radius, ulna and 
tibia, varying on this order according to reference (Bergh 
2015; Kieves 2021; Tilley et al. 2021).
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Main clinical sign is acute lameness, usually with-
out history of trauma, resolving in a few days with 
later recurrence to other bones (the “shifting” pattern) 
(Demko and McLaughlin 2005; Bergh 2015; Fossum 
2018; Kieves 2021; Tilley et  al. 2021;Tudor 2022). Pain 
on deep palpation of the affected long bone diaphysis 
is noticed on clinical examination (Bergh 2015; Fossum 
2018; Millis and Janas 2021; Kieves 2021; Tilley et  al. 
2021). Despite its previous name, eosinophilia is rarely 
observed (Lenehan et al 1985; Tilley et al 2021). Micro-
scopically, there is adipocyte degeneration (Bergh 2015; 
Kieves 2021), increased osteoblastic and fibroblastic 
activity in the diaphyseal endosteum and periosteum 
(Demko and McLaughlin 2005; Bergh 2015; Pollard and 
Phillips 2018; Kieves 2021; Tudor 2022) leading to med-
ullary fibrosis (Demko and McLaughlin 2005; Kieves 
2021; Tilley et al. 2021). Vascular proliferation and con-
gestion centered around foramen nutricium (Demko and 
McLaughlin 2005; Kieves 2021) stimulate periosteal pain 
receptors (Demko and McLaughlin 2005).

Radiographs of affected long bones usually confirm 
panosteitis suspicion but also rule out differential diagno-
sis with similar clinical signs (Bergh 2015; Fossum 2018; 
Kieves 2021). Radiographic signs are increased intramed-
ullary opacity which can be hazy and then evolve to well-
defined, patchy radiopacities, with loss of trabecular bone 
pattern, usually around foramen nutricium (Lenehan et al 
1985; Demko and McLaughlin 2005; Bergh 2015; Pol-
lard and Phillips 2018; Kieves 2021; Ludewig and Kneissl 
2022). Radiopacity may extend to the entire diaphysis 
(Pollard and Phillips 2018; Kieves 2021). The severity of 
radiographic lesions does not always correlate with clini-
cal signs (Demko and McLaughlin 2005; Pollard and Phil-
lips 2018; Kieves 2021).

This report aims to describe four cases of young Ger-
man Shepherd dogs presenting clinical and radiographic 
signs of panosteitis referred to a diagnostic imaging 
center on the same trimester. Epidemiological, imaging 
and treatment aspects were evaluated in order to identify 
possible disease triggers and local veterinary clinicians’ 
awareness of the disease.

Case presentation
Four dogs were presented at a diagnostic imaging center 
between January and April, 2019, in the city of Vila Velha, 
Espírito Santo (ES), Brazil. Epidemiological data are pre-
sented in Table 1.

All dogs presented lameness and pain on affected 
bones upon palpation. Dog #4 presented hyperthermia 
and dog #3 presented mild edema of the affected region. 
Clinical parameters were within normal range. Radio-
graphic evaluation of the affected limb was requested on 
each case in order to elucidate lameness.

Radiographs revealed medullary cavity increased radi-
opacity with ill-defined borders and loss of normal tra-
becular pattern in all affected bones: right ulna (dogs #1 
and #3; Fig. 1) and right humerus (dogs #2 and #4; Fig. 2). 
Radiographic diagnosis suggested panosteitis in all four 
cases.

Table 1  Epidemiological data concerning gender, breed, age (in 
months), weight and affected location of four dogs attended at a 
diagnostic imaging center, ES, Brazil

Dog Gender Age (m) Weight (kg) Breed Affected bone

1 Male 4 21 German 
Shepherd

Right ulna

2 Male 8 30 German 
Shepherd

Right humerus

3 Female 8 29 German 
Shepherd

Right ulna

4 Male 7 29 German 
Shepherd

Right humerus

Fig. 1  Radiography, right thoracic limb (RTL), lateral projection (dog 
#1): increased radiopacity compromising ulnar medullary cavity 
with prominent irregular radiopaque patches on proximal diaphysis 
and caudal cortical thickening (yellow arrow), suggesting panosteitis. 
Note oblique radiolucent line on radius cortical bone characterizing 
nutrient foramen (white asterisk)
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Being all German Shepherd dogs from the same geo-
graphic region, parental investigation was performed. All 
animals were acquired from different dog kennels, and 
no kinship was found among records. No dog had his-
tory of falling or trauma before clinical signs reported by 
the owner. No previous complaint concerning limbs was 
reported.

No food supplement was taken by the dogs, although 
a calcium-based product was prescribed to dog #3. 

Commercial food was the only option provided, follow-
ing manufacturer’s instructions. All dogs presented body 
score 5/9, within breed and age normal limits.

Vaccination doses were registered (Table 2).
Therapeutic measures adopted by veterinary clini-

cians before radiographic evaluation aimed at pain relief, 
including nonsteroidal  anti-inflammatory (NSAID) and 
analgesic  drugs. Nutraceuticals referred as “articular 
regenerator” composed of glucosamine and chondroi-
tin were also prescribed (Table 3). According to owners, 
lameness and local pain ceased from 2 to 14  days after 
drugs administration.

Discussion
Panosteitis is a disease studied over the last 70  years 
(Lenehan et al 1985). The German Shepherd is reported 
to be the most commonly affected breed in several stud-
ies (Bergh 2015; Igna et  al 2016; Millis and Janas 2021; 
Kieves 2021; Tilley et  al. 2021) and is considered pre-
disposed to this disease (Gough and Thomas 2004). 
This apparent predisposition raises questions about the 
genetic basis of panosteitis (Tilley et al 2021) and its her-
itability, as observed in other developmental orthopedic 
diseases such as hypertrophic osteodystrophy (HOD) in 
Weimaraner puppies (Harrus et al 2002). Still nowadays, 
no study has demonstrated panosteitis genetic evidence 
in that breed or any other. No parental relationship was 
found between studied dogs in order to support genetic 
inheritance trait in this case series.

Panosteitis, considered to affect dogs exclusively, is 
characterized by increased, irregular radiopacity of 
affected long bone medullary cavity with cortical thick-
ening and periosteal involvement (Lenehan et  al 1985; 
Demko and McLaughlin 2005; Bergh 2015; Pollard and 
Phillips 2018; Kieves 2021; Ludewig and Kneissl 2022; 
Tudor 2022). This was observed in all studied cases, rein-
forcing constant and characteristic radiographic pattern 
of panosteitis. Cortical and periosteal involvement is 
absent and considered a differential radiographic feature 
from enostosis-like lesions (ELL) which occurs in equids, 

Fig. 2  Radiography, right thoracic limb (RTL), lateral projection (dog 
#2): increased radiopacity compromising middle to distal humeral 
medullary cavity with cranial cortical thickening (yellow arrow) 
and trabecular pattern pronunciation (distal), suggesting panosteitis

Table 2  Vaccination data (type of vaccine and number of doses) of four dogs attended at a diagnostic imaging center

CV8: core vaccine 8 (CDV, CAV1, CAV2, CPV2, CPiV, CCoV, Leptospira canicola and icterohaemorrhagiae); core vaccine 10 (CV8 plus Leptospira grippotyphosa and 
pomona); KCV: kennel cough vaccine (against canine infectious respiratory disease complex; CIRDC)

Animal Number of Doses

CV8 CV10 Rabies Giardia KCV Leishmaniasis 
vaccine

1 0 3 1 0 0 3

2 0 3 1 1 1 0

3 0 3 1 0 1 0

4 3 0 1 0 0 0
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mostly adult and old horses (O’Neill and Bladon 2011). 
Only two reported cases of “suspected” panosteitis, other 
than canine, were found: a 6-month-old camel (Levine 
et  al 2007) and a 1.5-month-old calf (Sato et  al. 2015). 
Both cases presented increased medullary opacity, corti-
cal thickening and periosteal reaction on radiographs and 
were confirmed histopathologically by core biopsy.

Dogs are commonly affected between 5 and 18 months 
of age (Lenehan et al 1985; Demko and McLaughlin 2005; 
Bergh 2015; Pollard and Phillips 2018; Fossum 2018; 
Kieves 2021; Tilley et  al 2021; Tudor 2022). In this case 
series, the mean age of clinical signs was 6.75  months, 
with one dog presenting signs a little earlier than that. 
This can be related to disease inner factors or to owner’s 
keen attention. Despite the small sample, males were 
more affected than females, as previously described 
(Lenehan et al 1985; Demko and McLaughlin 2005; Bergh 
2015; Pollard and Phillips 2018; Fossum 2018; Kieves 
2021; Tilley et  al 2021). Studies may present different 
results regarding the most affected bones; however, tho-
racic limbs are generally regarded to be more commonly 
affected, with humerus as the most cited bone (Demko 
and McLaughlin 2005; Millis and Janas 2021; Kieves 
2021; Tudor 2022), similar to presented cases. Ulna, as 
a thoracic limb bone, agrees with statements regarding 
panosteitis most affected limbs.

Trauma can cause lameness, an ordinary clinical sign 
concerning developmental orthopedic diseases (Demko 
and McLaughlin 2005; Millis and Janas 2021; Kieves 
2021). Synchronicity between traumatic events and pan-
osteitis clinical expression can mask lameness origin and 
delay diagnostic confirmation (Demko and McLaughlin 
2005; Bergh 2015; Millis and Janas 2021; Kieves 2021). 
Among presented cases, no dog had history of previous 
trauma, increasing the need for radiographic evaluation 
in order to elucidate diagnostic suspicion.

Pain-related lameness is a very common clinical sign in 
a plethora of orthopedics disease (Demko and McLaugh-
lin 2005; Bergh 2015; Millis and Janas 2021; Kieves 
2021) and was identified in all studied cases. Panosteitis 

differential diagnosis includes osteochondritis dissecans, 
hip dysplasia, hypertrophic osteodystrophy, fragmented 
coronoid process and ununited anconeal process (Demko 
and McLaughlin 2005; Bergh 2015; Fossum 2018; Kieves 
2021; Tilley et  al 2021; Tudor 2022). However, in pan-
osteitis, limb palpation plays an important role at clinical 
examination, especially in cases involving middle diaphy-
sis, a not so common feature of other orthopedic diseases 
(Bergh 2015; Fossum 2018; Millis and Janas 2021; Kieves 
2021; Tudor 2022).

No evaluated dog was considered to be overweight. 
Overfed large breed puppies are known to be at a higher 
risk of osteoarthritis (Greco 2014; Kim and Wakshlag 
2023), an important condition related to orthopedic dis-
ease in predisposed breeds such as German Shepherd.

Mineral requirements differ between large and 
small breed puppies. Excessive calcium supplementa-
tion resulted in bone defects, such as panosteitis, and 
depressed growth in Great Dane puppies (Greco 2014; 
Beynen 2021), a large breed also cited to be affected by 
panosteitis (Lenehan et al 1985; Demko and McLaughlin 
2005; Kieves 2021). Misguided use of puppy milk replac-
ers in German Shepherd puppies was implicated in a 
higher risk of excessive calcium intake that could influ-
ence developing skeletal diseases such as panosteitis 
(Corbee et al 2012) since canine milk differs from replac-
ers such as bovine and caprine milk regarding protein 
profile, fatty acids and minerals composition (Zhang 
et al 2022). Controlled skeletal growth is associated with 
normal development in large and giant breed dogs, and 
calcium supplements should not be prescribed focusing 
on bone growth (Greco 2014; Kim and Wakshlag 2023). 
In presented cases, no dog received calcium-based sup-
plement; however, it was prescribed to dog #3, but not 
administrated by the owner. This fact shows how cal-
cium intake still plays an erratic role in large breed dogs 
growth and developmental orthopedic disease among 
some veterinary clinicians and breeders.

Panosteitis was associated with annual vaccination 
reinforcement in German Shepherd dogs from a kennel 

Table 3  Therapeutic oral drugs prescribed before and maintained after radiographic diagnosis of four dogs with panosteitis attended 
to at a diagnostic imaging center

a Agener União Saúde Animal
b Vetnil
a, bAccording to manufacturer’s recommendations

Animal NSAID Analgesic Articular supplement

1 Carprofen (2.2 mg/kg/BID/7 days) Tramadol (2.0 mg/kg/TID/7 days) 0

2 Meloxicam (0.5 mg/kg/BID/7 days) Dipyrone (25 mg/kg/BID/5 days) 0

3 Meloxicam (0.5 mg/kg/BID/7 days) Dipyrone (25 mg/kg/BID/3 days) Pro Cart® 25a

4 Meloxicam (0.2 mg/kg/BID/15 days) Tramadol (2.0 mg/kg/TID/5 days) Condroton® 500b
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(Weir et  al 1994). Live virus vaccines were reported to 
induce hypertrophic osteodystrophy (HOD) on a litter 
of Weimaraner puppies. Vaccines, among other environ-
mental factors, were supposed to trigger clinical manifes-
tation of HOD in genetically susceptible animals (Harrus 
et al 2002; Dodds 2021). Many vaccination adverse reac-
tions are reported: hypersensitivity and allergic events, 
feline injection site sarcoma (FISS) and association to 
autoimmune diseases in combination with genetics and 
environmental factors (Gershwin 2018; Dodds 2021; 
Yoshida et  al. 2021). Despite these observations, a high 
number of vaccine doses received by each studied dog 
before one year of age were noticed, reflecting local clini-
cal management. Some of these vaccines, such as Giardia, 
are not recommended by WSAVA guidelines due to 
insufficient scientific evidence and are available only in 
Latin America. Leishmaniasis vaccine is recommended 
only to dogs at risk of infection in endemic areas, such as 
Brazil, but must not be taken as single preventive meas-
ure. Inclusion of canine coronavirus in core vaccines is 
no longer recommended due to insufficient scientific evi-
dence to justify their use (Day et al 2020). Interestingly, 
dog #1 received the highest number of vaccine doses and 
was the youngest to present clinical signs, precociously 
compared to epidemiological data. A high number of 
vaccine shots trigger immune system response against 
too many antigens in a short time interval, increasing 
adverse effects probability (Dodds 2021). Although not 
proven, this could result in specific cytokines secretion 
which could contribute to panosteitis cellular events in 
predisposed dogs. More studies are needed in order to 
prove the relationship between vaccination, immune sys-
tem stimulation and developmental orthopedic diseases 
such as panosteitis and HOD, especially in predisposed 
breeds such as German Shepherd.

In a study to determine clinical decision threshold, in 
a hypothetical panosteitis case, interviewed veterinary 
clinicians were asked to decide whether to recommend 
limb radiography or to prescribe NSAID for clinical 
signs. Fifty-eight percent chose to recommend radiogra-
phy before treating. It demonstrated concern with stab-
lishing a diagnosis before treating a clinical suspicion and 
ruling out conditions with higher risk than self-limiting 
panosteitis (Guevara et al 2019). In a survey of panostei-
tis incidence, 65% of the cases were radiographically 
confirmed; the remaining was diagnosed based on clini-
cal signs such as lameness and findings such as painful 
diaphysis at deep palpation (Igna et  al 2016). Owner’s 
financial restriction can impact veterinary diagnostic 
and treatment decisions (Guevara et al 2019) in develop-
ing countries such as Brazil. Despite that, radiography 
is a non-invasive, available diagnostic method with high 
cost–benefit ratio and can easily confirm panosteitis 

suspicion. Hence, it is often recommended for diagnostic 
verdict and to eliminate differential diagnosis.

In the studied cases, it was noticed that no radiography 
request presented any clinical suspicion. All of them were 
concerned about elucidating lameness cause and only 
in two requests were pain at limb palpation cited. These 
observations may reflect local veterinary clinicians una-
wareness of the disease as well as low regional incidence. 
A Romanian retrospective study from 2000 to 2015 
revealed that panosteitis diagnosis increases 375% from 
first to last year of study (Igna et al 2016). These findings 
may suggest the following: (1) European veterinary clini-
cians are more aware of the disease; (2) European owners 
pay more attention to their pets; and/or (3) a geographi-
cally increase in panosteitis clinical expression due to 
factors related to disease pathogenesis. In this presented 
report, four dogs were radiographically diagnosed at the 
same diagnostic imaging center in less than four months. 
This was not necessarily related to an increased aware-
ness of the disease (since no medical request presented 
panosteitis as clinical suspicion). Instead, it can indi-
cate professional commitments to diagnostic modalities 
instead of relying on a presumptive diagnosis and adopt-
ing a clinical sign-based treatment, similar to previous 
findings (Guevara et al 2019).

Evaluating therapeutic prescription, basically all clini-
cians prescribed analgesics such as opioids and NSAID, 
in agreement with the literature (Demko and McLaughlin 
2005; Bergh 2015; Fossum 2018; Kieves 2021; Tilley et al. 
2021) even without disease confirmation. This decision 
demonstrates commitment with patient welfare more 
than disease knowledge itself. Supplement containing 
glucosamine and chondroitin, nutraceuticals known as 
chondroprotectants (Johnson et  al. 2020; Mosley et  al. 
2022), was prescribed. These components are related to 
chondrocytes and synoviocytes metabolism, synovial 
fluid and cartilage matrix improvement in osteoarthritis 
(Johnson et al. 2020; Mosley et al. 2022). Hence, based on 
panosteitis histopathological findings, these components 
are not supposed to have any therapeutic effect in pan-
osteitis cases to justify their use. Once again, such pre-
scription attests lack of knowledge by many veterinary 
clinicians about panosteitis physiopathology.

Panosteitis is a self-limiting disease and dogs often 
return to their normal activities as soon as pain 
ceases that can last from a few days to over a month. 
Disease recurrence is common until complete bone 
growth (around 1  year), sometimes extending to 
2  years (Demko and McLaughlin 2005; Bergh 2015; 
Fossum 2018; Kieves 2021; Tilley et  al. 2021; Tudor 
2022). In this case series, all dogs returned to their 
daily activities from 2 to 14 days, even under analgesic 
medication. This is within expected time range but is 
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considered a rapid recovery when compared to other 
pediatric orthopedic diseases. Dog #3, the only female, 
still presented pain-related lameness after 7-day NSAID 
therapy. In this occasion, articular supplement was pre-
scribed and improvement with complete recovery was 
observed after 7  days more. Despite this fact, it is not 
possible to ensure if clinical signs complete remission 
was attributed to articular supplement use or was just 
disease natural course. Another interesting observation 
is that no dog had disease recurrence and all of them 
had finished their vaccination protocols; hence, none 
of them was vaccinated after panosteitis episode. This 
temporal association may reinforce “cytokine storm” 
and immune system influence hypothesis in triggering 
panosteitis in predisposed dogs.

Conclusions
Canine panosteitis, although a common developmen-
tal orthopedic disease, is still not included in differential 
diagnosis list in laming young dogs in some locations, 
and its unknown etiology often leads to incorrect thera-
peutic prescription. Although not proven a trigger factor, 
caution is recommended regarding pediatric vaccination, 
vaccines doses intervals and immune system stimulation 
in panosteitis predisposed breeds.
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