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Simple Summary

Canine appendicular osteosarcoma is the most common primary bone tumor in dogs. Traditional
treatment includes limb amputation followed by chemotherapy. Alternative strategies are necessary
for the subset of dogs who are unable to undergo limb amputation. Historically, limb-sparing
procedures are associated with high complication rates, implant failure, and local recurrence, while
offering similar survivability to amputation alone. This identifies a need for alternative preservation
strategies with lower morbidity. This study describes the deposition of calcium phosphate cement
into the tumoral defect in 10 dogs as a sole therapy for improving structural integrity of diseased
bone as well as providing timely pain relief. We found that dogs undergoing this treatment
demonstrated a significant early reduction in pain as well as improvement in limb function, symptom
burden, and quality of life using clinician- and owner-reported survey instruments at 2-, 4-, 8-, and
12-weeks following surgery. We propose that cementoplasty as a monotherapy offers a palliative
benefit as a limb-sparing technique for the treatment of canine appendicular osteosarcoma.

Abstract

This prospective case series evaluated the short-term outcomes following percutaneous
cementoplasty as the sole palliative treatment for appendicular osteosarcoma in 10 dogs. Synthetic
self-hardening calcium-phosphate bone substitute was injected into the osseous defect under
fluoroscopic guidance after curettage of the bone tumor. Clinician assessment included a numerical
rating score for lameness, offloading, and ease of lifting the contralateral limb as well as the 4A-VET
post-operative pain scale. Owner assessment was obtained using three descriptive questionnaires,
the Helsinki Chronic Pain Index (HCPI), the Canine Brief Pain Inventory (CBPI) and the Canine
Symptom Assessment Scale (CSAS). Measures were recorded preoperatively and at 2-, 4-, 8-, and 12-
weeks following surgery. Early improvement in the 4A-Vet score was noted at the 2-, 4-, 8-, and 12-
week time points for all major pain and function metrics. Similarly, the CBPI pain severity and
interference scores demonstrated early postoperative improvement during the 2- and 4-week time
points with partial attenuation by 8- and 12-weeks. Panting, difficulty sleeping, whining/moaning,
and lack of appetite were significantly reduced when assessed via the CSAS. Cementoplasty as a
monotherapy, affording early pain relief and improved structural integrity, supports its role as a
limb-sparing option for dogs unable to undergo amputation.

Keywords: calcium phosphate cement; dog; osteosarcoma; limb-sparing; cementoplasty; palliation

1. Introduction

Recent advancements in the clinical management of canine appendicular osteosarcoma have
been centered primarily on the prevention or treatment of metastatic disease following primary
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tumor removal [1,2,3,4,5,6]. Although widely accepted as the singular life-limiting factor, ongoing
research is required to understand specific primary tumor features that dictate differing metastatic
patterns [7]. Non-metastatic related death, such as development of a pathologic fracture resulting in
subsequent euthanasia, represents a noteworthy subset of the disease-bearing population [8,9].
Technological improvements in diagnostic and therapeutic techniques for canine appendicular
osteosarcoma have generated new opportunities for the evaluation of safe, feasible, and effective local
therapies for dogs that are unable to withstand limb amputation [10,11]. Immediate and sustained
analgesia is among the many salient features driving palliative limb preservation in pets [12].
Insomuch that the extension of life in this population may be attributed to the mitigation of pain,
lameness, and the risk of pathologic fracture rather than delaying the progression of disease
[13,14,15].

Local therapies for primary appendicular osseous neoplasia in dogs have historically been
limited to either surgery or radiation therapy (RT) [10,11,16]. A variety of factors including lifestyle,
existing comorbidities, and financial considerations influence the choice of local therapy. Ultimately,
the success of limb salvage procedures is reliant on tumor location, disease burden, and procedure
accessibility [16,17,18]. The wide range of reported response rates (74-92%) and duration of response
rates (53 to 95 days) highlights the high degree of variability in treatment outcomes following RT
[17,19,20,21,22,23,24,25]. Pain and risk of pathologic fracture remain at the forefront of managing the
primary tumor regardless of RT protocol [9,21,23,24,25].

Bisphosphonates have been used to arrest osteoclastic activity and slow osteolysis in dogs with
primary bone tumors [26]. Single agent intravenous pamidronate is reported to alleviate bone pain
in 28% of dogs treated for a median of 231 days in one study [27]. Although neither bisphosphonate,
pamidronate nor zoledronate, nor timing of the drug (concurrent or following RT) had measurable
impact on survivability [19]. In dogs that develop pathologic fractures, surgical excision and implant
stabilization is possible in bone tumors affecting the distal radius, however, the reported risk of
surgical site infection and implant-associated complications is 40-70% [16,18,28,29,30].

Calcium phosphate bone cement has advantageous attributes such as good biocompatibility,
injectability, and osteoconductivity and has been used for intraosseous bone augmentation [30].
Injection of polymethylmethacrylate (PMMA) or calcium phosphate cement allows for stabilization
of the bone mitigating the nociception and mechanotransduction driven by cortical thinning,
microfracture, and endosteal stimulation observed following the development of osteosarcoma
[31,32]. In contrast with a previous study evaluating percutaneous cementoplasty using PMMA
which identified deep wound infections, intraarticular cement leakage, and venous thrombosis as the
main complications, calcium phosphate cements circumvent the activation of a typical necrotic and
inflammatory process attributed to the exothermic polymerization of PMMA [12]. Cementoplasty
using a tricalcium phosphate-based cement in conjunction with microwave ablation resulted in pain-
free mobility in a dog with stable disease 18 months after its initial diagnosis of stage-1 osteoblastic
appendicular osteosarcoma [33]. Results from a pilot clinical trial supported cementoplasty as a
viable, safe, and effective limb-sparing option using a calcium phosphate bone substitute in 12 dogs
[13]. While previous studies evaluate the use of cementoplasty as part of a multimodal approach,
further investigation is required to evaluate cementoplasty as a sole treatment option for palliation
in dogs with appendicular osteosarcoma that are not candidates for adjunctive therapies. This
distinction allows for identification of the isolated palliative effects of cementoplasty as a standalone
therapy. Hence, cementoplasty may be a desirable option for owners with the therapeutic goal of
high-function survival via relief of weight-bearing pain during palliation without the addition of
other disease-directed therapies.

We hypothesize that the therapeutic effects of percutaneous calcium phosphate cement
(BIOCERA-VET®, TheraVet, Gosselies, Belgium) injection used as a monotherapy for treatment of
appendicular osteosarcoma in dogs would allow for short-term improvement in limb function, pain
level, and owner-perceived quality of life. We further hypothesized that improvement in symptom
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burden following cementoplasty could be maintained for the duration of the follow-up period in this
subset of dogs despite the absence of anti-tumoral activity.

2. Materials and Methods

2.1. Inclusion Criteria

All dogs presenting to a single veterinary referral hospital which had histologically confirmed
appendicular osteosarcoma via Jamshidi bone core biopsy between February of 2024 and 2025 were
given the option to prospectively enroll in the study if amputation was categorically declined by the
owner or contraindicated. All interventions were performed as part of standard clinical care and no
experimental strategies were introduced. Written informed client consent was obtained prior to
inclusion. Dogs were included if owners declined bisphosphonate therapy, adjuvant chemotherapy,
microwave ablation, radiotherapy, targeted therapy, or vaccine/immunotherapy following
preoperative counselling. Dogs with radiographic abnormalities consistent with pulmonary
metastasis were excluded. Substantial orthopedic comorbidities detected during palpation or
radiographically within the remaining three limbs resulted in exclusion. Dogs receiving adjunctive
oral pain control were considered eligible for enrollment provided that the dog’s pain and lameness
was localizable to the neoplastic limb. All dogs underwent a complete blood count and serum
chemistry prior to general anesthesia. Enrollment in the study required owner follow up at
predetermined timepoints for the 12-week duration of the study.

2.2. Procedure

Access points for all dogs were identified using anatomical landmarks based on radiographic
images obtained prior to surgery. Dogs were pre-medicated with hydromorphone (0.08 mg/kg IM)
combined with acepromazine maleate (0.04 mg/kg IM) and anesthesia was induced with propofol (4
mg/kg IV). General anesthesia was maintained with an inhalant mixture of isoflurane and oxygen
delivered by endotracheal intubation. Perioperative antimicrobial prophylaxis consisted of cefazolin
(22 mg/kg IV) given at induction and repeated every 90 minutes during surgery. The procedure was
performed by a single ACVS Diplomate assisted by a surgery resident. Dogs were placed in lateral
recumbency with a hanging limb preparation of the affected limb. A 3 cm incision was made through
the skin and soft tissues to expose the underlying bone. Under fluoroscopic guidance, a Kirschner
wire was used to mark the access point on the cortical bone 1-3 cm from Codman’s triangle on
radiography. A high-speed pneumatic burr was used to create a 0.5 cm cortical defect. The bone
cavity was subsequently debrided with a Volkmann’s curette and suctioned. A 7G cannula was
inserted through the cortical defect and its position and angulation were confirmed under
fluoroscopy. Slow injection filling of the synthetic calcium-phosphate bone substitute was performed
in multiple directions until the access point outer limit was reached and at least 50% of the cavity
adjacent to the intact cortical bone was filled. The access point was filled with cement until the
product was level with the adjacent cortical bone. The surgical site was lavaged thoroughly and
closed routinely with monofilament absorbable sutures. The minimum duration of hospitalization
was 24 hours post-operative to allow for complete hardening and maximal early mechanical support
of the cement. All dogs received perioperative analgesia consisting of hydromorphone (0.08 mg/kg
IV) as injectable boluses every 4-6 hours and carprofen (2.2 mg/kg PO q 12h) with gabapentin (8-10
mg/kg PO q 8h) postoperatively. Postoperatively, cefpodoxime (5-10 mg/kg PO once daily) was
administered for 10 days. Complications were classified as minor if the complication did not
necessitate additional surgical intervention and did not significantly alter limb function. Revision
surgery, amputation, or pathologic fracture were classified as a major complication.
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2.3. Veterinary Assessment

A single ACVS Diplomate performed standardized physical and orthopedic examinations on
each dog prior to and following surgery at each designated time point. A numerical rating score for
lameness was assigned during gait analysis prior to surgery and at 2-, 4-, 8-, 12-weeks post-
operatively. The numerical scores were defined as: clinically sound/no lameness (0), mild or slight
weight-bearing lameness (1), obvious or moderate weight-bearing lameness (2), severe weight-
bearing lameness (3), intermittent non-weight bearing lameness (4), and continuous non-weight
bearing lameness (5). Offloading was assessed during standing using a standardized ordinal scale (0-
2), defined as no offloading of the affected limb (0), intermittent offloading (1), and complete
offloading (2). Ease of lifting the contralateral limb was recorded using a similar scale (0-2), defined
as maintaining lift comfortably for >5 seconds with stable posture (0), maintaining lift for several
seconds but unstable (1), lifting briefly and immediately unloading (2), and inability to lift the
contralateral limb (3). Eight preoperative radiographic projections were obtained including a right
lateral, left lateral, and ventrodorsal thorax as well as a hip-extended ventrodorsal, a right and left
mediolateral and orthogonal cranial to caudal view of the affected and contralateral limbs. Following
cementoplasty, all dogs underwent radiographic monitoring immediately postoperatively, 4- and 8-
weeks post-operatively (Figure 1). All dogs were evaluated using the total French Association for
Animal Anesthesia and Analgesia pain-scoring system (4A-VET) score. This multidimensional tool
uses the sum of six subscale scores comprising an overall subjective assessment of the dog’s pain level
preoperatively and was assessed at 2-, 4-, 8-, and 12-weeks postoperatively [34]. This score described
the cumulative effect of a dog’s general behavior and response to handling of the operative limb as
well as the intensity of the reaction following palpation.

Figure 1. Serial radiographic evaluation of the right proximal humerus (Dog 6) at the time of diagnosis (A);

immediately postoperative (B); 4 weeks postoperative (C); and 8 weeks postoperative (D).
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2.4. Owner Assessment

Owners were asked to use three outcome assessment tools to quantify the severity and impact
of their dog’s pain prior to surgery and at 2-, 4-, 8-, 12-weeks post-operatively. The Canine Brief Pain
Inventory (CBPI) is a two-part instrument that assesses the severity of pain as well as how the pain
interferes with the dog’s lifestyle. The pain severity score (PSS) is the mean value of four items scored
on an eleven-point numerical scale. Similarly, the pain interference score (PIS) is the mean value of
six items. An increased mean value score correlates to an increased level of pain and interference with
daily activity, respectively. There is one global quality of life score calculated at the end of the
instrument. The second tool was the Helsinki Chronic Pain Index (HCPI) which contains eleven
questions regarding activity, behavior, and mood evaluated via Likert scale (0-4) to which the value
for each score was added to give an overall instrument score. The third tool was the Canine Symptom
Assessment Scale (CSAS) which contains 12 questions related to the subjective physical disturbance
dogs experienced during the course of daily living as assessed by means of proxy reports of owners.

2.5. Statistical Analysis

Descriptive statistics were calculated. Continuous variables were expressed as median values
and ranges while categoric variables were expressed as frequencies and percentages for each group.
Statistical analyses were performed using JMP® Pro 18. Differences among scores over time were
evaluated using linear mixed-effects models with repeated measures on the same animal. The
individual animal was included as a random effect, and a first-order autoregressive AR(1) covariance
structure was specified to account for correlation among repeated observations within animals.
Postoperative time points were modeled as fixed effects. Least-squares mean comparisons were
conducted using Dunnett’s multiple-comparison procedure, with baseline measurements treated as
the control. Statistical significance was set at a = 0.05.

3. Results

Ten large and giant-breed dogs, including seven males (70%) and three females (30%) met the
inclusion criteria for the study (Table 1). The mean weight was 59.1 kg (44-87 kg) and the mean age
was 8 years and 2 months (62-146 months). The tumor locations treated were the proximal humerus
(n=3), distal radius (n=5) and proximal tibia (n=2). The mean elapsed time from OSA diagnosis to
surgery was 5 days (range: 1-9 days). The degree of cortical lysis and size of the tumoral defect
dictated the volume of bone cement injected (median: 13; range: 10-18 mL). All dogs underwent filling
of the tumoral defect until overflow was noted at the access point. Greater than 50% of the tumoral
defects were filled in all dogs and confirmed via fluoroscopy. The mean anesthesia time for
cementoplasty was 83.9 minutes. The mean operative time was 49.6 minutes for radial defects, 53.3
minutes for humeral defects, and 41.5 minutes for tibial defects. The mean operative time for all dogs
was 49.1 minutes. The duration of hospitalization was 2 days for all dogs.

Table 1. Clinical information for 10 dogs undergoing cementoplasty for appendicular osteosarcoma.

Age Weight Location Withdrawal Metastasis Euthanasia

Dog Breed Sex (months) (kg) of OSA  reason (days) (days)

Creat N o7 oo Rdistal Chemotherap o g inaple
Dane radius  y -4 weeks
Anatolian R distal
Shepherd 90 59.1 radius N/A 177 185
R
3 Husky MN 81 36.4 proximal N/A N/A 251
tibia
g SN s g ARl 346 350
Dane radius
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R
5 S VN 109 564 proximal | N/A N/A 41
Dane
humerus
R
6  Pitbull FS 146 28.6 proximal N/A N/A 96
humerus
English L distal Fracture at 4
7 Mastiff FS 62 828 radius weeks N/A 173
English R distal
8 Mastiff MN 90 87 radius N/A 116 258
L
Golden i 114 44 proximal CHEMOMEraP 115
Retriever o y - 4 weeks
tibia
Can R Amputation
10 ane F 67 57  proximal putatio N/A  Unavailable
Corso 8 weeks
humerus

6 dogs completed the 12-week study period while 4 of the dogs withdrew from the study.
Disenrollment was due to initiation of chemotherapy (n=2), pathological fracture of the
cementoplasty site (n=1) and owner-elected amputation of the limb (n=1). During a four week
recheck, Dog 9 was diagnosed with stage Illa lymphoma following the discovery of generalized
lymph node enlargement. Dog 1 withdrew from the study at 4 weeks post-operatively to begin
chemotherapy. For the duration of the study period, two major complications were observed. Dog 7
sustained a fracture proximal to the cementoplasty site along the distal radius which was diagnosed
at four weeks post-operatively (Figures 2 and 3). The dog was managed with external coaptation until
euthanasia at 6 months post-operatively. Amputation was elected in four dogs due to infection of the
cementoplasty site (dogs 2 and 8) and persistent and unrelenting pain (dogs 4 and 10). However,
three of the four dogs were followed to 12 weeks post-cementoplasty prior to undergoing amputation
(Figure 4). Of these two dogs, culture and sensitivity were performed prior to amputation.
Microbiological isolates for dog 2 included multi-drug resistant Klebsiella pneumoniae and
Escherichia coli. At 2.5 months post-cementoplasty, dog 8 developed three equal-sized 2 cm erosions
along the dorsal aspect of the peritumoral swelling. A culture revealed growth of multi-drug-
resistant isolates, Klebsiella pneumoniae and Methicillin-resistant Staphylococcus pseudintermedius.
Four minor complications were recorded including peri-incisional swelling and edema in dogs 1, 2,
and 8 which were resolved with appropriate supportive care. All three dogs had radial lesions. The
fourth minor complication was reported in dog 6 in which the dog developed a temporary, acute,
non-ambulatory paraparesis following a subcutaneous injection of bedinvetmab (Librela®, Zoetis).
The adverse neurological event spontaneously resolved after 48 hours.

Three dogs developed suspected or confirmed pulmonary and distant metastasis (dogs 2, 4, 8)
following the end of the study period. In dog 2, an osteolytic lesion developed in the contralateral
proximal humerus at 177 days postoperatively. A nasal biopsy was performed in dog 4 following the
development of epistaxis. The biopsy returned as a poorly differentiated sarcoma 322 days
postoperatively. Bilateral hyperechogenic renal masses with secondary hydronephrosis as well as
mesenteric mass with associated mesenteric nodules consistent with sarcoma were discovered in
dogs 8, 100 days postoperatively. All three dogs underwent limb amputation following the
conclusion of the study. The average time to amputation following cementoplasty was 166 days (116-
350). No dogs were euthanized during the 12-week study period. The median time for euthanasia
was 179 days following surgery.

The effect of time point on lameness score differed for dogs evaluated at a walk versus a trot.
For lameness at a walk, the least-squares mean scores (95% CI) were 2.00 (1.57-2.43) preoperatively,
1.40 (0.97-1.83) at 2 weeks, 1.20 (0.77-1.63) at 4 weeks, 1.62 (1.14-2.10) at 8 weeks, and 1.78 (1.27-2.29)
at 12 weeks which demonstrated that the time point significantly affected the walk lameness score
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(P=0.011). Compared to preoperative values, the walk lameness scores were significantly lower at 2-
(P=0.03) and 4- (P=0.003) weeks post operative but not at 8- or 12 weeks. For evaluation at a trot, the
preoperative 2.20 (1.72-2.68), 2 weeks 1.70 (1.22-2.18), 4 weeks 1.70 (1.22-2.18), 8 weeks 2.00 (1.43-
2.57), and 12 weeks 2.21 (1.59-2.82) time points did not significantly affect lameness score (P=0.3).
Least-squares mean offloading of the affected limb improved following cementoplasty decreasing
from 1.60 preoperatively to 1.00 at 2-, and 0.90 at 4 weeks postoperatively. An increase to 1.21 at 8-
and 1.64 at 12 weeks postoperatively as noted. In comparison to baseline, offloading scores were
significantly lower at 2- and 4 weeks postoperatively (P=0.012) but not at 8- or 12 weeks. In contrast,
lifting of the contralateral limb did not differ significantly from baseline at any postoperative time
point (P=0.3).

Figure 2. Craniocaudal serial radiographs of the left distal radius and manus in dog 7. Images are arranged
chronologically from left to right and top to bottom. (A) Preoperative; (B) Immediate postoperative; (C) 4 weeks
postoperative; (D) 8 weeks postoperative; (E) 12 weeks postoperative; (F) 16 weeks postoperative. Progressive
remodeling of the distal radial metaphysis and loss of cortical integrity are evident over time, with maintained

cement position and persistent carpal instability.
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Figure 3. Lateral serial radiographis of the left distal radius and manus in dog 7. Images are arranged
chronologically from left to right and top to bottom. (A) Preoperative; (B) Immediate postoperative; (C) 4 weeks
postoperative; (D) 8 weeks postoperative; (E) 12 weeks postoperative; (F) 16 weeks postoperative. There is an
aggressive lesion centered in the distal radius characterized by cortical thinning and lysis followed by a increased
volume of amorphous mineral opacity occupying the distal radial lesion with progressive irregularity of the

cement/bone interface at later timepoints accompanied by extensive soft tissue swelling.

Figure 4. Lateral radiographs of the distal radius in dogs 2, 4, and 8 prior to undergoing amputation following
the end of the 12-week study period. (A) 109 days post-cementoplasty; (B) 303 days post-cementoplasty; (C) 86
days post-cementoplasty. There is irregular cortical lysis and thinning, loss of medullary architecture, and

irregular periosteal new bone formation with extensive soft tissue swelling.

The 4A-Vet least-squares mean + SE scores were the highest preoperatively (7.40 + 0.58) and
were lower at all postoperative time points: 2 weeks (3.60 + 0.58), 4 weeks (3.40 + 0.58), 8 weeks (2.96
+ 0.64), and 12 weeks (3.28 + 0.70). The improvement in score was identified early at 2 weeks and
maintained throughout the study period at 4, 8, and 12 weeks (Table 2). Mean differences from
preoperative values were —3.80 at 2 weeks (95% CI: -4.93 to -2.67), —4.00 at 4 weeks (95% CI: -5.42 to
-2.58), —4.44 at 8 weeks (95% CI: -6.16 to —2.71), and -4.12 at 12 weeks (95% CI: —6.06 to —2.18); as
scores dropped by an average of 4 points compared to preoperative values with all comparisons
being statistically significant (P < 0.001).

Table 2. Sequential 4A-VET scores for 10 dogs undergoing cementoplasty for appendicular osteosarcoma
demonstrating partial attenuation from baseline (pre-op) for up to 8 weeks postoperatively. The decrease in 4A-

VET scores from preoperative values to postoperative time points indicates improvement in clinician-assessed

pain.

Dog Pre-op 2 weeks 4 weeks 8 weeks 12 weeks
1 7 5 3 2 3
2 5 2 3 2 2
3 6 3 2 2 3
4 7 4 4 3 4
5 6 3 2 2 1
6 11 5 4 3 4
7 7 3 5 6 N/A
8 9 3 5 N/A N/A
9 12 6 4 N/A N/A
10 4 2 2 N/A N/A

The Canine Brief Pain Inventory was divided into pain severity score (intensity of pain) and pain
interference score (degree to which pain disrupts normal function and daily activity). The
postoperative time point significantly affected all CBPI pain severity measures including when pain
was reported to be at its lowest (P=0.012), at its highest (P=0.0009), at the time of assessment
(P=0.0004), and on average (P=0.0071). Scores for pain at its highest were lower than preoperative
values at 2 and 4 weeks but not different at 8 or 12 weeks (Figure 5). Pain at its least and average pain
was similar with significantly lower scores at 2 and 4 weeks postoperatively compared with
preoperative values, while differences at 8 and 12 weeks were not significant. Pain interference scores
were significantly reduced at 2, 4, and 8 weeks postoperatively but did not differ from baseline at 12
weeks (Figure 6). The postoperative time point significantly affected pain interference when assessing
general activity (P=0.034), enjoyment of life (P=0.005), ability to walk (P=0.013), ability to run

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202605.0769.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 May 2026

(P=0.015), and ability to climb stairs or curbs (P=0.026). Pain interference with regard to the ability to
rise from lying down did not reach statistical significance (0.069). For these actions, pain interference
was significantly reduced at 2 and 4 weeks postoperatively, however, this was not observed at 8 or
12 weeks. Pain interference for enjoyment of life was significantly lower than preoperatively at 2 and
4 weeks and remained even lower at 8 weeks but did not differ at 12 weeks. The overall quality of
life score was significantly affected by time point, where a higher score was identified at 2, 4, and 8
weeks postoperatively as opposed to no difference at 12 weeks.

CBPI Pain Severity Score Mean + SE

5.00 ~
4.50 -

4.00 -
3.50 -
3.00 -
2.50 -
2.00 -
1.50 -
1.00 -
0.50 -
0.00 - - - . . .

Pre-op 2 weeks post-op 4 weeks post-op 8 weeks post-op 12 weeks post-
op

Mean score

Timepoint

Figure 5. Sequential CBPI Pain Severity scores for 10 dogs undergoing cementoplasty for appendicular
osteosarcoma. Values are presented as mean + SE. The CBPI Pain Severity score was calculated for each dog at
each assessment period, with higher scores indicating greater owner-perceived pain severity. Preoperative
scores were compared with postoperative scores at 2, 4, 8, and 12 weeks to evaluate changes in owner-reported

pain burden following cementoplasty.

CBPI Pain Interference Score Mean + SE
4.50 -
4.00
3.50 -
® 3.00 -
2250 -
§ 2.00 -
= 1.50 -
1.00 -
0.50 -
0.00 . . . .
Pre-op 2 weeks post-op 4 weeks post-op 8 weeks post-op 12 weeks post-op
Timepoint

Figure 6. Sequential CBPI Pain Interference scores for 10 dogs undergoing cementoplasty for appendicular
osteosarcoma. Values are presented as mean + SE. The CBPI Pain Interference score was calculated for each dog

at each assessment period, with higher scores indicating greater owner-perceived pain-related functional
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interference. Preoperative scores were compared with postoperative scores at 2, 4, 8, and 12 weeks to evaluate

changes in owner-reported pain-associated interference with daily activity following cementoplasty.

When assessing individual symptom burden and functional impact on dogs, postoperative time
point had a significant effect on reported pain (P<0.0001). The presence of panting (P=0.004), difficulty
sleeping (P=0.0039), sleepiness (P=0.022), and whining/moaning/groaning (P=0.018) were
significantly improved across all time points. Lack of appetite was worse at 2 weeks but by 8-12 weeks
scores were similar or better than preoperative scores (P=0.013). In contrast, scores for pacing, energy
level, coughing, yelping/crying out, vomiting, and diarrhea remained uniformly low across all time
points without detectable change from preoperative scores. The severity of symptoms, when present,
were significantly lower than preoperative values for panting (P=0.018), difficulty sleeping (P=0.005),
lack of appetite (0.017), and sleepiness (P=0.009) at all time points. Overall mean CSAS scores
demonstrating the evolution of symptom burden for each time point are depictured in Figure 7.

Canine Symptom Assessment Scale by Postoperative
Time Point
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Figure 7. Sequential CSAS scores for 10 dogs undergoing cementoplasty for appendicular osteosarcoma. Values
are presented as mean + SE. The CSAS score was calculated for each dog at each time point, with higher scores
indicating greater owner-reported symptom burden. Preoperative scores were compared with postoperative
scores at 2, 4, 8, and 12 weeks to evaluate changes in owner-perceived symptom burden following

cementoplasty.

Parameters from the Helsinki Chronic Pain Index identified functional and behavioral
worsening during the initial postoperative period (2 and 4 weeks) in the form of willingness to walk
(P=0.001) and willingness to play/interact (P=0.042). These abilities both recovered to baseline levels
at 8 and 12 weeks postoperative. Vocalization/discomfort behaviors such as whining, yelping, and
licking were observed to be significantly reduced by 2 weeks postoperative (P=0.004), however, at
later time points were not different from baseline (Figure 8). Reports of attitude/mood improvements
were seen over time (P=0.047), however, a consistently improved shift at a specific week was not
recognized. No consistent pattern of improvement could be identified with regard to the
ability/willingness to use stairs, run, or jump, as well as ease of lying down, movement during or
after exercise or after long rest, and rising from a down position.
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Figure 8. Summary of Helsinki Chronic Pain Index scores by postoperative time point. Values are presented as
mean + SE. The total Helsinki Chronic Pain Index scores are calculated from the sum of the survey item responses
for each dog at each time point. Higher scores indicate greater owner-perceived chronic pain or functional

impairment.

4. Discussion

Evaluation of percutaneous cementoplasty using calcium phosphate cement injected into an
appendicular osteosarcoma tumoral cavity yielded early improvement in pain, function, and owner-
perceived quality of life, as well as a reduction in symptom interference with daily activities. The
results of this study demonstrate that based on multiple validated owner- and clinician reported
outcome measurement scales, a robust treatment effect exists for pain mitigation, improvement in
limb use, as well as willingness to engage in a variety of behaviors that were otherwise diminished
or absent prior to surgery. Using the 4A-VET score, clinician assessed pain and functional impairment
identified scores significantly lower than preoperatively across all time points. This consistent
reduction of approximately 4 points from baseline emphasizes the demonstrable positive impact of
cementoplasty, as this scale reflects broad functional states in which each singular point represents a
substantial improvement in the dog’s postoperative experience [35]. The observed rapid
improvement in 4A-VET scores suggests a decrease in both spontaneous pain and pain elicited from
manipulation. The precipitous drop in score (3.8—4.4 points) across each postoperative time point
substantiates improved mobility for all dogs. This finding would suggest that cementoplasty did not
just reduce pain but also facilitated functional normalization as dogs quickly transitioned from
compensatory or guarding behaviors to more consistent limb use at 2 weeks postoperatively.

Numerical lameness scores at a walk improved significantly at 2- and 4 weeks with no difference
from preoperative scores observed at 8- and 12 weeks postoperatively. In contrast, trot lameness
scores did not differ significantly across time points which highlights that subtle residual lameness
may be more apparent at a faster pace despite overt improvement while walking. The lack of
statistical improvement at later time points may reflect the burden of increased activity and functional
demands at 8- and 12 weeks rather than true clinical deterioration of the dog in spite of treatment
similarly to previous reports following palliative radiation therapy [22, 23]. The functional demand
as activity restrictions are lifted have been reported in studies evaluating radiation therapy for
osteosarcoma palliation in that improvements in comfort and limb use may diminish over time [19,
21, 23-35]. Offloading scores provide additional functional data that supports improved limb loading
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up to 4 weeks post-operatively followed by a partial return to baseline at 8 weeks. This is consistent
with the proposed biomechanical mechanisms of cementoplasty increasing compressive strength and
structural integrity thereby reducing pain ascribed to micromotion in lytic bone [36, 37]. Conversely,
no significant overall time effect was noted for offloading to affected limb across all time points. This
finding suggests that although cementoplasty improves offloading and lameness scores, its
application is insufficient to support full loading of the operated limb in this study. Behavioral factors
may influence limb lifting to a greater extent than observations of lameness and offloading, as painful
dogs may demonstrate avoidance and resistance to manipulation due to an aversion to handling in
general [38]. This metric may function independently of measurable biomechanical dysfunction [39].

The multiple owner-reported assessments were utilized to fill key gaps in our knowledge of
symptom burden and interference with daily activity in dogs having undergone limb sparing
surgery. Osteosarcoma-associated pain is multifactorial, driven by cortical destruction, microfracture
formation, periosteal disruption, and endosteal nociceptor activation [31, 32]. Progressive osteolysis
promotes loss of structural integrity, both of which contribute greatly to increased nociception and
risk of pathologic fracture [40-42]. As such, reporting pain reduction and improved limb use
following limb-sparing surgery as singular findings is incomplete without investigating whether
these changes translate to a diminished symptom burden on the dog and primary caregiver. In this
study, CBPI pain severity scores improved significantly across all domains (pain at its worst, pain at
its least, pain on average, and current pain) at 2 and 4 weeks postoperatively, capturing changes in
baseline and breakthrough pain [43]. This assessment provides a clinically relevant measure of real-
time suffering [44] and this trend is comparable to previous studies evaluating palliative radiation
therapy where 75-96% of pet owners report measurable pain relief within weeks of treatment [17, 19,
21-23]. The attenuation of these scores at 8 and 12 weeks may have resulted from a combination of
factors such as increased activity during later convalescence or owner hyperawareness of pain as a
consequence of detection bias. However, despite this finding, overall quality of life scores remained
significantly improved through 8 weeks, suggesting that individual owner-perceived fluctuations in
pain at later time points did not affect the overarching welfare gains for this population of dogs.

The interference scores allowed for broader contextualization of these findings in that significant
improvement in the dog’s general activity, walking, running, stair climbing, and enjoyment of life
improve in the early postoperative period (2 and 4 weeks) [44]. A pattern emerged in which clear
improvements at 8 and 12 weeks could not be proven statistically across all survey instruments. The
varied owner perceptions at later time points may reflect the normalization of expectations following
intervention along with the withdrawal of activity restriction and oral pain management, known
external influences of pain control. Although the parameter of rising from lying down did not reach
statistical significance in this study, it is likely that its measurement is less sensitive than others to the
presence or absence of pain alone and more likely to be influenced by orthopedic or neurologic
comorbidities. Of the domains related to willingness to walk, play, and interact, the findings of the
Helsinki Chronic Pain Index align closely with the CBPI and NRS-lameness findings in that
significant improvements were observed early during the postoperative period.

The Canine Symptom Assessment Scale provided valuable insight into the burden of the disease
beyond pain reporting alone. The results of this scale delineated a marked and sustained
postoperative reduction in panting, difficulty sleeping, appetite changes, and vocalization behaviors.
Respiratory (coughing) and gastrointestinal signs (vomiting and diarrhea), were identified as
infrequent and static across all time points suggesting that for dogs in this study, observed
improvements were specifically related to pain and discomfort behaviors. This further supports the
effect of cementoplasty on alleviating symptoms more closely attributable to the diagnosis of
appendicular osteosarcoma rather than being a result of conflated reporting. The rapid improvement
in stability and return to weight bearing resulted in improved owner-perceived comfort which is
perhaps more valuable to owners seeking palliation than marginal changes in survival time [8, 45,
46].
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A multimodal outcome assessment strategy was utilized in this study to control differences in
timing and sensitivity of the instruments. Despite their differences by design, the results converged
upon a common conclusion in that percutaneous cementoplasty resulted in substantial early
improvement in pain and function with later time points more likely representing a clinical plateau
rather than true regression. The concordance between clinician-based and owner-reported
instruments demonstrates that a sustained reduction in pain-related behaviors and functional
impairment was recognized throughout the recovery phase by a trained observer (ACVS Diplomate)
as well as within the home setting.

The small sample size used in this study limits our ability to identify small differences between
time points or within symptom domains. Outcome measures as reported by the primary caregiver
are inherently influenced by perception, expectations after their financial and emotional investment,
as well as the level of activity modification and frequency of adjunctive pain control over the study
period [47]. Follow-up was limited to 12 weeks post operative and as such, a longer-term assessment
may be valuable at distinguishing additional clinical benefit or late-emerging side effects and
complications. In addition, the 4 dogs that withdrew from the study limits generalizability but does
not automatically overrepresent favorable responders. Three out of the four withdrawals were not
due to treatment failure but rather changes in owner treatment goals, particularly in pursuit of life-
prolonging therapies [48]. This reflects the reality of osteosarcoma palliation, where owner decision-
making will likely evolve over time [49, 50] With respect to these limitations, the consistency and
convergence of findings across multiple instruments provides compelling evidence that
percutaneous cementoplasty as a monotherapy for the treatment of appendicular osteosarcoma
allowed for immediate short-term improvement in limb function, pain level, symptom burden, and
owner-perceived quality of life. However, data garnered from subjective outcome measures are
influenced by expectation bias, particularly from pet owners as demonstrated in a study identifying
placebo effect in caregivers assessing lameness [51]. While the use of multiple validated instruments
mitigates this effect, objective measures such as force plate gait analysis or continuous activity
monitoring would strengthen future investigations [52-55].

The findings of this study support our hypotheses by demonstrating that cementoplasty used as
a monotherapy provided early improvement in pain, limb function, and owner-perceived quality of
life while maintaining improvement in several symptom burden domains despite lacking direct anti-
tumoral activity. These results illustrate that cementoplasty provides a suitable limb-sparing option
for owners who are exclusively interested in palliation. It is important to note the distinction between
survivability and delaying disease progression in this specific cohort. The attrition rate reflects the
reality of osteosarcoma palliation in dogs and as such, we highlight the role cementoplasty can play
in preservation of the dog’s clinical status, thus aligning with the primary goals of the pet owner for
a unique subset of dogs. Importantly, this study was not designed to asses survival outcomes or
disease progression and thus the results should be interpreted within the framework of local
palliation.

5. Conclusions

Cementoplasty as a monotherapy for appendicular osteosarcoma in dogs is an intervention that
resulted in substantial early postoperative improvement in multiple pain, function, and symptom
parameters as assessed by the clinician and owner. This study utilized several validated
multidimensional pain and function metrics which revealed clinically meaningful improvement of
discomfort behaviors in dogs that underwent cementoplasty for up to 12 weeks postoperatively. This
intervention produced a measurable positive welfare impact by providing short-term improvement
in pain, function, and owner-perceived quality of life in selected dogs with appendicular
osteosarcoma. Future studies are necessary to explore objective activity measurement and gait
analysis with an emphasis on long-term trajectories of dogs undergoing this procedure, especially as
part of multimodal palliation with radiation and systemic therapies. Furthermore, additional work
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should investigate procedural benefits over established full limb-sparing segmental resection with
endoprosthesis.
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