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ARTICLE INFO ABSTRACT

Keywords: Introduction and importance: Total knee arthroplasty (TKA) in the neuropathic unstable knee (NUK) setting is
Neuropathic unstable knee classically a challenging orthopedic problem due to intraoperative technical difficulties and a higher frequency of
Osteoarthritis

periprosthetic complications. More recently, satisfactory results have been reported using improved constraints,
stems and revision-type TKA components. The study aims to present long-term results of a small case series with
NUK osteoarthritis reconstructed by a condylar, semi-constrained prosthesis with a polygonal, hydroxyapatite-
coated (HA-coated) press-fit stem.

Case presentation: From 2009 through 2010, three knees in three patients with advanced NUK arthropathy un-
derwent TKAs in our institution using the PENTA® prosthesis. The average age at surgery was 44 years (32-58).
The patients were followed up for a mean period of 124 months (120-128). The etiology of NUK was determined
to be poliomyelitis sequela in 2 cases and spinal cord injury in one case. Functional outcomes were assessed with
Knee Society (KS) Knee and Function Scores, and radiological outcomes were evaluated with ISOLS radiographic
implant scores. Patients were monitored for complications clinically and radiologically.

Clinical discussion: KS knee scores improved from a mean of 12,3 (0-37) preoperatively to 71,3 (65-77) and KS
function scores improved from a mean of 1,7 (0-5) preoperatively to 68,3 (55-80) at the latest follow-up.
Radiological outcomes were excellent according to ISOLS scores, and no complications were observed.
Conclusion: Although this is a small case series, the significant improvement in functional scores, excellent
radiological outcome, and implant survival at the end of a long follow-up period warrants TKA with a semi-
constrained hinged implant in the setting of NUK. PENTA® prosthesis offers a good choice of implant with its
hydroxyapatite-coated, press-fit, pentagonal stem and precisely designed rotating hinge.

Rotating-hinge prosthesis
Cementless pentagonal stem
Case series

1. Introduction

Neuropathic arthropathy is classically defined as a progressive
degeneration of a senseless joint leading to damage and collapse of the
weight-bearing surfaces due to subclinical microtrauma [1-3]. Charcot's
description of the pathology implicated tertiary syphilis as the under-
lying cause. Many other diagnoses causing neuropathic arthropathy
have subsequently been identified, including leprosy, alcoholism, sy-
ringomyelia, spinal trauma sequela, poliomyelitis, and more frequently
in recent decades, diabetes mellitus (DM) [3-5]. Neuropathic unstable
knee (NUK) caused by DM had been accepted as a relative contraindi-
cation to total knee arthroplasty (TKA) in the past. However, satisfactory
results in these cases have been reported more recently using improved

constraints, stems and revision-type TKA components [6-8]. Surgeons
are often concerned about the technical difficulties of the operation, as
well as the higher frequency of reported complications, including peri-
prosthetic joint infections, knee dislocations, and periprosthetic frac-
tures [6].

This study aims to present late results of a small case series of end-
stage NUK osteoarthritis reconstructed by a condylar, semi-
constrained, prosthesis with a polygonal, hydroxyapatite-coated (HA-
coated), press-fit stem. The prosthesis was actually designed as a
modular reconstruction system for sarcoma patients (PENTA® TIPSAN,
Izmir, Turkey) and condylar joint replacement modification was
implanted in NUK patients. The results are discussed as implant survi-
vorship at ten years, clinical and radiologic outcomes, and
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complications. This case series has been reported in line with the Process
2020 Guideline [18].

2. Case presentation
2.1. Patients

From 2009 through 2010, three knees in three patients with
advanced NUK arthropathy underwent TKAs in our institution using the
PENTA® prosthesis. The patients were followed up for a mean period of
124 months (120-128), and the average age at surgery was 44 years
(32-58). The diagnoses of NUK were confirmed with neurology
consultation and were based on clinical findings, radiographs of the
knees, magnetic resonance imaging of the whole spine, electromyog-
raphy and laboratory tests (vitamin B12, serology for syphillis and HIV).
Walking difficulty with moderate pain, significant swelling and giving-
way of the knees were the common complaints in all three patients.
However, the scale of pain they described was inconsistent with the
radiographic appearance of their knees. Clinical examination also
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revealed a full range of motion with complete ligamentous laxity. Knee
extensor muscle strength was impaired in poliomyelitis patients; how-
ever, flexion is 4/5 on the motor function scale. Radiographic exami-
nation revealed considerable bone destruction, large periarticular
osteophytes, synovial-chondromatosis-like loose bodies, malalignment
and subluxations (Fig. 1).

NUKS's underlying causes were possible poliomyelitis (Cases 1 and 3)
and paraparesia resulting from burst fracture of 12th thoracic vertebra
(Case 2). All cases were non-menopausal females under 45. One of the
poliomyelitis patients had a deformity correction on both the distal
femur and proximal tibia aiming to neutralize the mechanical axis (Case
1). This patient presented to our institution with global instability and
pain two years after this operation. The patient with vertebral burst
fracture sequela (Case 2) sustained this injury 12 years prior to pre-
senting to us. She had undergone surgical treatment for paraplegia due
to T12 burst fracture within 24 h of the injury by neural decompression
and spinal stabilization, but had healed with slight neurologic deficit.

Fig. 1. Severe valgus malalignment of the right knee, extensive bone destruction in the lateral compartment, large osteophytes and loose bodies can be seen in the AP
standing full-length lower extremity (1A), standard lateral knee (1B) and AP knee radiographs (1C) of Case 2 at presentation. Advanced osteoarthritic changes (1D)
and abundant amount of excised osteophytes and loose bodies (1E) were documented intraoperatively.
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2.2. The implant (PENTA®)

PENTA® modular extremity reconstruction system (formerly known
as PENTA-MERS) is a modular prosthesis designed to reconstruct
irreparable defects involving the hip, knee, shoulder and elbow joints
caused by tumor resection, revision arthroplasty, unstable knees, or
trauma. The implant system's design rationale and main advantages are
linked to its anchorage, modularity and articulation characteristics [9].

PENTA® implant is named after its stem with “pentagonal cross-sec-
tion”. The stem has a slight taper towards the tip to prevent unnecessary
bone loss and stress shielding. Although cemented stem options are
available in the implant set, the stem is designed for particularly
cementless, press-fit implantation. The stem's pentagonal cross-section
aims to increase primary rotational stability while maintaining an
acceptable risk of bone damage during broaching and insertion of the
stem. The cementless stems are coated with hydroxyapatite to ensure
secondary stability through osseointegration. The femoral condylar
component has laterality due to 5 degrees of valgus and is available in 3
sizes. The tibial baseplate is uniform and also available in 3 sizes.
Various femoral stem options (length: 120, 150 and 200 mm; diameter
12-22 mm; curvature: straight/anatomical) for femoral condylar
component and tibial stem extensions (length: 60, 90 mm; diameter:
12-20 mm) for tibial baseplate are available. The system allows en bloc
modular replacement of the distal femur and proximal tibia and
replacing only the joint surfaces [9].

PENTA® knee implant has a rotational hinge mechanism, which
connects the femoral and tibial components with a yoke assembly (tibial
rotation piece). The hinge formed by the distal femur and the yoke
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allows a 0°-130° range of motion. Two features limit maximum flexion
and extension of the hinge. The first one is the corresponding stepped
rotation blocks on the axle head and inside the axle socket of the femoral
component, and the second feature is the bumper insert on the yoke. The
yoke allows 15° of internal and external rotation of the knee through its
articulation with the proximal tibia. The rotation occurs around the
cylindrical yoke post, which resides unconstrained in the proximal tibia.
Two features are critical in restriction of rotation. There are two pro-
jections on the convex undersurface of the yoke and corresponding
grooves on the concave upper surface of the tibial insert, which is fixed
to the proximal tibia. While the projections and their corresponding
grooves seem to limit the rotation sharply, the non-spherical interface
geometry of the undersurface of the yoke and upper surface of the tibial
insert facilitate a smoother stop at the endpoints of rotation [9] (Fig. 2).

2.3. Surgical technique

All patients underwent cementless total knee arthroplasty with
condylar, semi-constrained, rotating-hinged PENTA® modular replace-
ment system by a medial parapatellar approach. All patients underwent
patellar soft tissue realignment with lateral release and vastus medialis
advancement. Following exposure of the joint surfaces, proper cuts were
performed using the implant system's jigs. The medullary canal of the
femur and tibia were reamed with flexible reamers. Appropriate-sized
tibial baseplates, femoral condylar components, and intramedullary
stems with fitting lengths and diameters were prepared. While the
femoral stems were inserted press-fit separately and the femoral
condylar components were placed onto the stems subsequently, the

Fig. 2. The cementless pentagonal hydroxyapatite-coated stem, which gives the PENTA® implant its name is demonstrated (2A and 2B). The hinge mechanism,
which is composed of the tibial insert, the tibial rotation piece and the bumper insert, is shown in distracted position (2C and 2D). The hard-stop at the end of internal
and external rotation is smoothed out by the non-spherical interface geometry between the yoke and the tibial insert while the yoke underprojections sit inside the

tibial insert grooves.
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tibial baseplates were implanted together with their stem extensions,
which were mounted outside the patient. After the implantation of
anchorage components, rotating-hinge mechanism was assembled. On
the first postoperative day, all patients were encouraged to start walking
with weight bearing as tolerated using two crutches. Active assistive and
active range-of-motion exercises were initiated at the same time. No
external brace was used.

2.4. Clinical follow-up

Clinical and radiological follow-up examinations were performed
every three months in the first postoperative year, six months in the 2nd
year, yearly from 2nd through the fifth postoperative year and every five
years after that. Knee society (KS) knee and function scores were ob-
tained pre- and postoperatively utilizing a standard questionnaire [10].

2.5. Radiological analysis

Standard pre- and postoperative radiographs included ante-
roposterior (AP), lateral, merchant, stress views in both AP and lateral
plane, and standing full-length lower extremity views. Instability was
classified according to Mullaji [11]. In this classification: type 1 de-
scribes severe coronal plane (medial and/or lateral) instability, type 2
describes severe coronal and sagittal plane (posterior) instability and
type 3 describes global instability (posterior subluxation). Because of the
nature of the utilized implant, postoperative radiographs were assessed
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by ISOLS radiologic implant evaluation system. The original scoring
system consists of 6 parameters. Our study only analyzed interface,
anchorage and implant articulation scores, excluding bone remodeling,
extracortical bone bridging, and implant body scores, as they were non-
applicable to this particular patient group [12].

3. Results

Knee society knee scores improved from a mean of 12,3 (0-37)
preoperatively to 71,3 (65-77), and KS function scores improved from a
mean of 1,7 (0-5) preoperatively to 68,3 (55-80) at the latest follow-up.

Preoperative evaluation yielded one patient with Mullaji type 1, one
with type 2 (Fig. 3) and one patient with Mullaji type 3 instability.
During the latest follow-up radiological examination, all patients had a
physiologic alignment, no sign of instability, no radiolucent lines below
the femoral condylar component and tibial baseplate and around the
pentagonal stems (Fig. 4).

None of the three patients developed an aseptic or septic loosening.
No superficial or deep infection, deep venous thrombosis, or persistent
contractures were observed. Prosthesis survivorship after ten years was
100 % and all three patients were free of other reoperations (Table 1).

4. Discussion

Neuropathic arthropathy, attributed to neurosyphilis when first
described by Charcot in the nineteenth century, is most often seen as a

Fig. 3. AP standing full-length lower extremity (3A), standard AP (3B) and lateral radiographs (3C) of Case 1 at presentation is consistent with Mullaji type 2

instability.
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Fig. 4. AP (4A) and lateral (4B) radiographs of Case 2 at 10 years postoperatively show excellent outcome in terms of interface, anchorage and implant articula-

tion scores.

Table 1
Summary of demographics, functional and radiological outcomes and complications.
Case Sex Age NUK' Mullaji Preop KS' Preop KS Postop KS Postop KS ISOLS Complication  Implant
No Etiology Knee Knee Score  Function Knee Score Function Radiographic survival (%)
Instability Score Score Score”
Type
1 F 32 Poliomyelitis 1 0 0 77 70 EXCELLENT None 100
2 F 42 SC injury 2 37 0 72 80 EXCELLENT None 100
3 F 58 Poliomyelitis 3 0 5 65 55 EXCELLENT None 100

NUK: Neuropathic Unstable Knee, SC: Spinal Cord, KS: Knee Society, ISOLS: International Society On Limb Salvage.
@ Modified ISOLS Radiographic Score (only interface, anchorage, implant articulation included).

complication of diabetes mellitus in the developed countries today
[1-3]. Furthermore, the etiology of neuropathic arthropathy includes
numerous other conditions, some of which are relatively rare such as
poliomyelitis and spinal cord injury [3-5]. The main focus of this study
was to analyze and report the outcomes of NUK arthroplasty with the
PENTA knee implant in our institution, rather than reviewing all cases of
NUK. The etiology for each NUK patient, who underwent arthroplasty
with PENTA, has been mentioned in the “Patients and Methods” section.
For all 3 cases, the diagnosis of NUK was confirmed preoperatively by
neurology consultation, which included neurological examination,
electromyography and whole spine MRI.

Prosthesis selection for NUK arthropathy patients remains a chal-
lenging decision, with unconstrained, condylar-constrained, rotating-
hinged and even highly-constrained prostheses used in the past [13].
However, unconstrained or highly constrained components are reported
unsuitable in this patient group because of high risk of aseptic loosening
and periprosthetic fracture [2,6]. Some authors advocate the use of
rotating-hinged prostheses with due to their intrinsic stability [1,2,6,7].

When using a constrained component, a long stem is recommended to
disperse the increased bone stress [13]. Mostly cemented stem are used.
The implant presented in this study has a rotating hinge and the HA-
coated stems are implanted in a press-fit cementless fashion.

The literature has reported good 10-year survivorship, ranging from
51 % to 92.5 %, for rotating-hinge knee implants. Infection and aseptic
loosening are the most commonly reported complications, with rates
range from 9.2 % to 63 % [14,15]. The authors of this study believe that
the unique stem geometry and the sophisticated rotating-hinge mecha-
nism, which were designed to meet the demands of post-oncologic re-
constructions, contribute to 100 % prosthesis survivorship at ten years in
these patients. However, the small number of patients prevents drawing
a significant conclusion.

The literature does not provide a clear resolution on whether to fix
the stems in a cementless or cemented fashion. However, the rationale
for cementless stem fixation is supported by the potential for bone
integration, which is assumed to impede aseptic loosening, and the
eliminated problem of removing cement remnants in case of revision
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surgery. Cementless press-fit stems have been constructed in various
shapes (fluted, fenestrated) and textures (grit-blasted, porous-coated,
beaded, hydroxyapatite-coated) to increase osteointegration of the
implant inside the medullary cavity. Pala et al. compared cemented and
cementless fixation in post-oncologic reconstructions. They observed the
cementless fixation group to have higher overall survival and survival to
infection, whereas survival to aseptic loosening was not significantly
different from the cemented group. Cemented fixation might be more
appropriate in patients with bone metastases, extensive osteolytic de-
fects, bad prognosis and elderly patients, in whom either the osteoin-
tegration is impaired or the time to osteointegration is incompatible
with patient survival. On the other hand, cementless fixation is prefer-
able in young patients with primary bone tumors [16,17]. In this study,
cementless PENTA® stems resulted in excellent long-term survival. To
the author's knowledge, no reported series compares cemented and
cementless stems in NUK osteoarthritis patients.

The prosthesis design must be harmonious with the biomechanics to
survive longer. Early fixed-hinge modular prosthesis designs failed with
aseptic loosening due to physiological torsional forces acting on the
anchorage sites. Rotating-hinge mechanisms were designed to match the
physiological rotation of the knee through the arc of flexion and
extension. However, even with the rotating-hinge designs, the hard
stops at the ends of the rotation arc lead to progressive osteolysis in the
interface, followed by aseptic loosening or implant breakage. The
rotating-hinge mechanism of the PENTA®, as described in the
“Methods” section, allows for load distribution at the ends of rotation
and prevents the hard-stop phenomenon. The semi-constrained design
allows excellent function with excellent knee stability, as evident by the
significant improvement of KS Knee and Function Scores.

5. Conclusion

Although technically demanding and susceptible to significant
complications, arthroplasty on a symptomatic NUK arthropathy patient
can be beneficial. The relatively higher rate of complications and revi-
sion surgery in these patients may be avoided by observing the funda-
mental principles of knee arthroplasty in achieving ligamentous
balancing, lower extremity alignment, and reconstruction of osteo-
articular defects. Selecting implants with superior anchorage and
articulation properties improve survival to aseptic loosening. PENTA®
prosthesis combines these properties well through a hydroxyapatite-
coated, press-fit, pentagonal stem and precisely designed rotating
hinge. The limitation of this study is the small number of patients.
Nevertheless, the long follow-up period favors a new selection of TKA in
NUK arthropathy patients, providing outstanding results.
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