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Introduction

Osteoarthritis (OA), the primary joint disease in dogs, is
characterized by cartilage degradation, subchondral bone
changes and synovitis.1 Clinical signs include progressive
reduced limb function, stiffness and behavioural changes,
resulting in a reduced quality of life. Treatment of OA is
mostly conservative, consisting of pain management com-

bined with nutritional, weight and exercise management.
Surgical treatment includes joint debridement, arthrodesis
or total joint replacement. The latter remains a challenging
procedure in end-stageOA, and is, so far, only performed on a
routine basis in the hip joint.2,3

In humans, joint distraction is used to treat severe OA and
delays theneed for joint replacement for severalyears.4During
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Abstract Osteoarthritis (OA) is the most common joint disease diagnosed in veterinary practice.
There is no cure; where conservative treatment fails, a joint prosthesis is the last resort.
In human OA patients, temporary distraction is a joint-preserving treatment which
provides clinical and structural benefits, and postpones the need for total knee
replacement for up to 9 years. In this single case, feasibility of knee joint distraction
(KJD) was assessed in a 9-year-old female Dobermann with severe OA. Osteoarthritis of
the left stifle joint was diagnosed clinically and radiographically. Knee joint distraction
was applied for 7 weeks using a custom-made, hinged, external fixator. Follow-up of
1 year included owner questionnaires, orthopaedic examination, radiography, and
force plate analysis. Additionally, synovial fluid biomarkers were assessed. Application
and removal of the KJD frame were successfully accomplished without surgical
complications. During KJD, the dog tolerated the frame well and maintained the use
of the left hindlimb. Mild pin tract infection developed during the distraction period,
which responded well to oral antibiotic medications. Owners reported clinical improve-
ment during KJD and the follow-up period. This was confirmed by force plate analysis,
demonstrating improvement from 3 months and onward. KJD proved to be a feasible
strategy to treat end-stage OA in this single case; clinical efficacy remains to be
determined in a larger cohort.
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joint distraction, the two bony ends of a joint are temporarily
separated using an external fixation frame. Currently, joint
distraction is mostly applied for knee OA,4,5 though other
joints, such as the ankle, can be treated as well.6,7 Human
clinical studies report that knee jointdistraction (KJD) resulted
in clinical, radiographic andMRI improvement, with evidence
for tissue repair at 1 and 2 years after KJD,8–10 and clinical
improvement reported for at least 9 years.5,11 In experimental
canine OA,12 structural improvement was seen 25weeks after
a 8-week KJD treatment.13 This improvement consisted of
improved macroscopic and histopathologic cartilage scores,
higher proteoglycan content, better retention of newly formed
proteoglycans and less collagen damage, compared with the
untreated OA knee joints.13

The mechanism behind distraction is not exactly known.
The combination of decreased mechanical joint loading and
the intermittent fluid pressure changes, caused by the springs
or hinges in the frame, is thought to create a supportive
environment that initiates cartilage repair activity.13,14

The objective of this case report was to assess whether
KJD is a feasible alternative treatment option for end-stage
canine stifle OAwith regard to safety and owner experience.
For this purpose, KJD was applied to a dog with severe,
chronic stifle OAwithout joint instability or other underlying
joint or bone diseases.

Case Report

History and Clinical Examination
A 9-year-old, 40kg, neutered female Dobermann was pre-
sented with a history of intermittent left hindlimb lameness
(with periods of non-weight bearing), difficulty rising and an
overall decreased quality of life as perceived by the owner
(restlessness at night, decreased activity). Attempted weight
management, and the oral administration of carprofen and
tramadol, failed to improve the dogs’ quality of life. On clinical
examination, a 2/415 left hindlimb lamenesswaspresent. Both
stifles were thickened, with evident joint effusion and crepi-
tation. Passive flexion and extension of the left hindlimb

evoked pain, with a negative drawer sign and tibial compres-
sion test, and absence of pain from the medial meniscal
compartment. Radiography revealed bilateral severe chronic
degenerative stifle OA with moderate joint effusion and peri-
articular soft tissueswelling (MorganOA score16 left: 25, right:
14) (►Fig. 1). Altogether, chronic degenerative OA without
evidence for stifle joint instabilitywas diagnosed. The dogwas
an appropriate candidate for KJD due to her size (i.e. fitted the
custom-made frame, adapted to the canine stifle anatomy and
used in the previous experimental studies13) and the absence
of concurrent joint and bone pathologies. The left stifle joint
was chosen for KJD treatment as it was clinically more severe.

Owner consent for KJD and subsequent follow-up
was obtained. In addition, ethical approval (no.
AVD1080020173964) was obtained for the collection of
synovial fluid (SF) for research purposes.

Surgical Distraction Procedure
Surgery was performed under general anaesthesia according
to standard of care procedures and pre-emptive antibiotic
medications (cefazolin). A femoral-sciatic nerve block, using
levobupivacaine, was placed preoperatively, and periopera-
tive pain management was provided with carprofen and
buprenorphine. The negative drawer and tibial compression
test were confirmed under sedation.

Thestainless-steelbonepins (Stryker, StrykerNederlandBV)
were negatively threaded, 4mmdiameter (Ø) (150mm length)
or Ø 3mm (110mm length), and were drilled manually and
percutaneously under fluoroscopic guidance, using a C-arm, to
ascertain that pinswere parallel to each other and engaged the
trans cortex (►Fig. 2, SupplementaryMaterial). Thebonepins
were connected to the external fixation frame (Ø5mm) using
commercially available connectors (Delta coupling, Stryker).
The femoral and tibial parts of the frame were connected
medially and laterally of the stifle joint by a construction that
consists of two threaded rods with a hinge in between
(►Fig. 2A, yellow arrow). Finally, the joint was distracted by
extending the connecting rods for approximately 5mm
(►Fig. 2B, blue arrow). Smooth motion of the joint during

Fig. 1 Mediolateral (A) and caudocranial (B) radiographic images of the left stifle joint and right stifle joint (C) prior to referral. The left stifle
joint of the 9-year-old Dobermann showed signs of degenerative joint disease with moderate joint effusion and synovial proliferation. In
addition, marked peri-articular osteophytes (> 5mm) were present on the lateral and medial margins of the tibial plateau, medial and lateral
epicondyles, fabellae, the apex of the patella and the distal aspect of the femoral trochlea.
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flexion and extension was maintained, achieving a range of
motion of approximately 60degrees.

The patient was discharged on the same day with oral
carprofen, 7 days of oral amoxicillin clavulanic acid (Synulox;
12.5mg/kg; Zoetis BV; based on the protocol of experimental
studies13) and recommendation of regular but light exercise
with emphasis onweight bearingof the treated left hindlimb.
The owner reported weight bearing on the left hindlimb at
day 1 after surgery.

At 9 days after surgery, the patient was presented with
sudden 2–3/4 lameness of the treated limbwithout a specific
cause. On clinical examination, the medial distal femoral pin
tract was found to be infected. The owner was recommended
to clean and disinfect the pin tracts daily and oral antibiotic
treatment was resumed until the end of the KJD treatment.
No other soft-tissue tension problems were observed during
the study.

At week 2, 4, and 6 of KJD, clinical evaluations were
scheduled with special attention to the pin tracts
(►Supplementary Fig. S1). Additionally, radiographs were
taken to assess the integrity of the bone pins and to confirm
KJD. At 4 weeks, the distracted joint width was judged to be
suboptimal, in particular a collapse of the medial part of the
lateral condyle was observed. This was adjusted by adding
3mmofdistractionon the connecting rodsonboth sides of the
stifle joint (►Supplementary Fig. S2).

After 7 weeks of KJD, the frame and bone pins were
removed under general anaesthesia. A small fissure was
found in one of themedial rods of the femoral fixation frame,
which upon manipulation extended to a full crack. Retro-

spective evaluation of the radiographs showed that a very
small fissure in the rodwas visible after 6weeks of KJD. None
of the bone pins failed during KJD.

After KJD treatment, the owner was recommended to
build up exercise slowly, starting with light, leashed exercise
(10–15minutes, 4–6 times a day). Within 4 weeks after KJD,
the owner reported that the patient was walking better than
before the treatment and was more active and playful,
making it difficult to restrain her. At 4 weeks after KJD,
clinical evaluation showed full recovery of the pin tract
wounds, while proliferation of the cortical bone surrounding
the pin tracts was still palpable. A 1/4 lameness was still
present, but the dog was noticeable more active. After this
evaluation, the exercise regime was increased to normal
routine and the carprofen dosage was lowered.

At 2 months after KJD, the owner reported persistent
clinical improvement. On clinical examination, no lameness
was detected, and oral analgesiawas halted. At the end of the
follow-up, that is, at 12 months after KJD, clinical improve-
ment was still present and the dog was not receiving pain
medication. Radiographic evaluation at 1-, 6- and 12-month
follow-up showed no OA progression of the left stifle (more
details in (►Supplementary Fig. S3).

Questionnaires
The owners were initially concerned about the interference
of the frame with the mobility of their dog. However, they
reported that the dog adapted relatively fast, with improved
mobility comparedwith baseline. At the end of the study, the
owners were extremely content with the results. Pain and

Fig. 2 Placement of the distraction frame. (A) Distraction frame consisting of the (B) bone pins (black arrow point) that were drilled into the
femur and tibia of the left hindlimb. An external fixation frame (white star), custom-made and adapted to the canine knee anatomy, was
connected to the bone pins with connectors (red arrow point). Furthermore, the external frames of the femur and tibia were connected medially
and laterally by extendable hinges (yellow arrow point). (C) Placement of the bone pins was visualized during surgery by fluoroscopy using a C-
arm. (D) Distraction of the joint was achieved by extending the hinges (blue arrow) and was verified by fluoroscopy. (E) Postoperative radiograph.
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functionality were assessed using the Canine Brief Pain
Inventory (CBPI)17 at baseline, directly after KJD, at 1, 2,
and 3 weeks, and 1, 2, 6, 9, and 12 months of follow-up
(►Fig. 3). At baseline, the CBPI pain score was 6/10. The
average functionality score at baseline was a 5/10. Addition-
ally, the owner rated the quality of life as poor. Directly after
KJD, a reduced pain inventory score of 2/10 was reported,
which decreased further to 1/10 at twoweeks after KJD. From
6 months and onwards, up until the end of the study, a pain
score of 0/10 was reported by the owner with an excellent
quality of life.

Force Plate Analysis
Force plate analysis was performed as described by Suwan-
kong and colleagues.18 Briefly, vertical (Fz) and craniocaudal
(Fy) forces at walking speed were measured using a force
plate mounted flush with the surface of an 11-mwalkway at
a sampling frequency of 100Hz. At baseline, the peak vertical
force (PVF) was comparable in both hindlimbs, with a
decreased pelvic/thoracic ratio (P/T ratio) compared with
the reference18 (►Fig. 4). The peak breaking force and
propulsive force (PPF) were lower in the left compared
with the right hindlimb, and their respective P/T ratios
were decreased compared with the reference value.18 One
month after KJD, the PVF and PPF of the distracted left
hindlimb and the P/T ratios were all decreased compared
with baseline (►Fig. 4). From 6months and onwards, the PVF
increased in the distracted left hindlimb compared with
baseline. Additionally, at this time point, the P/T ratio of
the PVF increased to the level of the reference values.
Although the PPF never reached the baseline level, the P/T
ratio reached the reference value at 6months after follow-up
to decrease again at 1 year.

Synovial Fluid Analysis
Synovial fluid (SF) samples were obtained at baseline (before
surgery), directly after KJD and at 6 months of follow-up. At 9

and 12 months of follow-up, SF collection was unsuccessful,
due to the lowvolumeof SF. After collection, SFwaskepton ice,
centrifuged (5minutes, 500g, 4°C) to remove cellular debris,
aliquoted and stored at -80°C until further analysis. Synovial
fluid samples were pre-treated with hyaluronidase (4mg/mL,
Sigma) for 15minutes at 37°C and analysed using a canine
multiplex ELISA (MILLIPLEX, CCYTOMAG-90K, Merck KGaA,
Darmstadt, Germany) according to the manufacturer’s
protocol and a Luminex analyser (MAGPIX, Luminex B.V., ’s-
Hertogenbosch, theNetherlands). Interleukin (IL)-6and IL-8SF
levelsdecreaseddirectlyafterKJDandevenfurtherat6months
follow-up. Interleukin-7 and -15 were detected only directly
after KJD, while CCL2 was decreased directly after KJD
(►Fig. 5). Interferon-γ, IL-2, -10, and -18 and tumour necrosis
factor-α were not detected.

Discussion

With the exception of the hip joint, where large cohorts have
beenpublished,19 total stifle and elbow replacements in dogs
remain in the preclinical phase.2,20 As such, joint-preserving
treatment strategies for severe canine OA are needed. Joint
distraction elicits prolonged clinical and structural benefits
in human clinical trials. The present case demonstrates the
feasibility of KJD in a canine patient with severe, radiograph-
ically confirmed, OA.

Knee joint distraction is an invasive treatment that
requires the intensive postoperative care that comes with
external fixators.21 Nonetheless, the owner perceived this
treatment as acceptable. After a short adjustment period for
both the owners and the dog, the dog accepted the KJD
treatment with minimal problems.

One important complication of KJDwas the presence of pin
tract infections, a complication also reported in human
patients,4,14 and in veterinary practise using external skeletal
fixation for fracture repair.22,23 Although pin tract infections
represent a substantial burden to the patient, they can be

Fig. 3 Post-surgical monitoring. (A) Every 2 weeks a clinical examination was performed of the patient with special attention to the pin tracts.
Pin-tract infection of the femoral bone pins was present and caused ulceration of the skin surrounding the bone pins. (B) The Canine Brief Pain
Inventory (CBPI) consists of two parameters; the description of pain severity (‘Pain’: red line) and the description of the interference with
function (‘Function’: blue line). The mean of the multiple parameter scores of each parameter is provided. The CBPI was completed by the owner
before treatment (pre-treatment), directly after treatment with joint distraction (post-knee joint distraction [KJD]) and in the follow-up period.
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controlled with regular disinfection of the pin tracts and
antibiotic treatment. As such, preventive measures such as
adequate disinfection of the pin sites, prophylactic antibiotic
medications and an early recognition of the signs could help in
dogs treated with KJD.24

Another important aspect is the distraction frame
strength pertaining to the weight and strength of the dog.
The current KJD frame was designed based on the stature of

the mixed breed dogs (20–30kg) used in the study of
Wiegant and colleagues.13 It is a type II (bilateral/uniplanar)
external fixator and considered as a very stable fixation.
However, to stimulate SF changes within the joint, the frame
contains hinges that cause the tibial and femoral parts to
move with respect to each other. Subsequently, the frame
endures not only static- but also dynamic loading, and
therefore requires an inherent metal stiffness. The stiffness

Fig. 4 Force plate analysis. Force plate analysis was performed at baseline (pre-treatment), and after 1, 2, 6, 9, and 12 months of follow-up after
treatment with joint distraction. (A) Peak vertical force (Fz max), (B) breaking force (Fyþ ), and (C) propulsive force (Fy-) were measured in
Newton (N) and corrected for the body weight (kg) in the treated (red line) and contralateral (blue line) hindlimbs. Furthermore, the ratio
between the pelvic and thoracic limbs (P/T ratio) of the peak vertical force (D), breaking force (E), and propulsive force (F) was calculated for the
treated (red line) and contralateral (blue line) limb in addition to the combined limbs (treatedþ contralateral [purple line]). The mean reference
value (grey line) is based on a healthy population of dogs as established by Suwankong and colleagues,18 displayed with the standard variation
(dotted lines).

Fig. 5 Synovial fluid analysis. Cytokines weremeasured via a canine-specific multiplex enzyme-linked immunosorbent assay in the synovial fluid collected
before the distraction treatment (pre-OK), directly after distraction treatment (post-knee joint distraction [KJD]), and after 6 months of follow-up after
distraction treatment (6months follow-up). All cytokines weremeasured in duplicate and are shown as themean� standard deviation in picograms per µL
(pg/µL). Interleukin (IL-6) (green), -7 (red), and -15 (purple) are displayed using the left Y-axis, while IL-8 (blue) and CCL2 (yellow) use the right Y-axis.
(A) Interleukin-6 and IL-8 decreased over time, while (B) IL-7 and IL-15 were increased immediately after KJD, and CCL2 changes in the opposite direction
during the study period.
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or strength of this frame requires further attention, since a
metal crack was discovered when removing the frame.
Whether this was a production fault or failure of the frame
is not known. Nonetheless, for larger dogs (> 40 kg) it makes
sense to use thicker or stiffer frames, of stronger materials,
for example, carbon fibers.25 Regarding the bone pins, an
adaptation was made in this study as more (8 instead of 6)
and thicker bone pins (4mm instead of 3mm) were used
compared with the earlier study13 to correct for the larger
size of the dog. The increase in pin diameter strengthens the
construct to the fourth power, thereby reducing the stress at
the bone–pin interface.25,26 This adaptation prevented fail-
ure of the bone pins, a complication occasionally reported in
the experimental canine studies (personal communication
SCM).

Regarding efficacy, persistent clinical improvement was
found as a result of KJD, based on clinical examination and
owner questionnaires. Furthermore, force plate analysis
showed that there was an improvement at 6 months in the
PVF compared with baseline. As with the majority of canine
patients suffering from stifle OA, this dog had radiographic
OA in both stifle joints. Therefore, the increase in the P/T
ratio, the PVF and the PPF toward the reference values
indicates the improvement in the hindlimb loading in
general. At the 12-month follow-up, a small decline could
be seen for the P/T ratio of the PVF and PPF. In human studies,
the observed prolonged clinical effect varied in time.11

Whether this is the end of the beneficial effects of KJD in
dogs or a variation in time, should be investigated in further
clinical studies with longer follow-up.

Furthermore, at the beginning of this follow-up period,
oral carprofen was administered and discontinued at
2 months, which might have interfered with the assessment
of clinical improvement of KJD alone. However, as this report
focused on the feasibility of KJD in dogs, the choicewasmade
prioritizing the comfort of the dog. In future studies, the non-
steroidal anti-inflammatory drug administration should be
discontinued (or at least protocolized) during KJD to deter-
mine the clinical effect of KJD alone. In addition, a more
extensive questionnaire, such as the Liverpool Osteoarthritis
in Dogs score, could be used to gather more information
about the owners perspective of mobility.

To describe effects of KJD on the inflammatory processes
mediating OA, OA SF biomarkers were longitudinally ana-
lysed. Interleukin-6 and CCL2 SF levels have been reported to
increase after 6 weeks of KJD in humans, although with
substantial variation.27 However, in SF-derived mesenchy-
mal stromal cells, CCL2 gene expression decreased after 3 and
6weeks of KJD, compared with baseline.28 In dogs, increased
levels IL-6, IL-8 and CCL2 have been associated with OA pain,
although no correlationwith radiographic OA severity or gait
asymmetry was found.29–31 The increase in inflammatory
cytokines IL-7 and IL-15 during KJD in this study could be
explained by increased catabolic activity during KJD, as is
found during joint immobilization and midway KJD in
experimental dogs.32 However, in line with the clinical
improvement observed, SF levels of IL-6, IL-8 and CCL2
decreased after KJD treatment. This is the first case report

on the effect of KJD on canine SF biomarkers; more cases
should be investigated for further interpretation.

Conclusion

This is the first case report showing that KJD was a safe and
feasible treatment in a dog with severe OA. However, as only
one patient was treated, clinical effectiveness should be
validated in a larger cohort, preferable with a longer period
of follow-up.
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