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Clinical, functional, and radiographic outcomes of primary total knee
arthroplasty using a rotating hinge implant — a retrospective cohort study

Knunnukuy, pyHKIMOHAIHY U paguorpadcku UCXO0IM TPUMapHE TOTAITHE

APTPOINNIACTHUKC KOJICHA Y3 IIPUMCHY UMIIJIaHTA Ca pOTAIMOHOM HIAPKOM —

PETPOCIIEKTUBHA KOXOPTHA CTyHja

SUMMARY

Introduction/Objective The aim was to evaluate the
clinical, functional, and radiographic outcomes, as well
as 1implant survivorship, of primary total knee
arthroplasty (TKA) using a rotating hinge knee (RHK)
prosthesis in complex primary knees.

Methods This single-center, retrospective observational
cohort study included 32 patients (32 knees) operated
between December 1, 2023, and December 31, 2025.
Primary outcomes were cumulative implant survivorship
(Kaplan-Meier analysis with revision for any cause as the
endpoint) and complication rates. Secondary outcomes
included functional scores using the Oxford Knee Score
(OKS), range of motion (ROM), coronal alignment
correction via the mechanical femorotibial angle
(mFTA), and radiographic stability.

Results The median follow-up was 20.3 months.
Surgical indications included primary (43.8%) and
secondary osteoarthritis (21.9%), post-traumatic arthritis
(21.9%), neuropathic arthropathy (9.4%), and proximal
tibial nonunion (3.1%). Preoperative ligamentous
instability was present in 87.5% of knees. Cumulative
20-month implant survivorship »was 87.5% (all 4
revisions occurred within five.months postoperatively
due to early periprosthetic joint infection and wound
complications; 0% aseptic loesening). The overall
complication rate was 34.4%. Postoperatively, the mean
OKS significantly increased from 13.25 + 5.62 to 41.09
+3.74 (AOKS = +27.84,/p < 0.001), median ROM
increased from 70° to 115° (p < 0.001), and absolute
coronal deformity (deviation from neutral biomechanical
axis) decreased from 23.90° to 2.36° (p < 0.001).
Conclusion Primary TKA with an RHK implant
provides excellent functional recovery, robust early
mechanical stability, and predictable deformity
correction in complex primary cases, though strict
infection control and soft-tissue handling remain
essential.

Keywords: total knee arthroplasty; rotating hinge knee;
primary arthroplasty; survival analysis; functional
outcome
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CAXETAK

Yeoa/Llnsb EBanyanuja KIMHUYKAX, QYHKIIHOHATHAX U
pamuorpadCKux UCX0/1a, Kao U MPSKUBIbABAKA UMILTaH-
Tara KOJ NpHMapHe TOTAaJHE apTPOIUIACTHKE KOJECHA
(TAK) y3 mpumeHy IpoTe3e ca pOTalUOHOM. IHAPKOM
(TTPIL) ko1 KOMILICKCHUX MMPUMAPHHUX CITy4yajeBa.
Metoae OBa peTpOCHEKTUBHA, jEAHOLIEHTPUYHA OIICEP-
Bal[MOHA KOXOPTHA CTyIuja 00yxBaTmiIa je 32 naumjeHTa
(32 xonena) onepucana y nepuoay on 1. neuemopa 2023.
1o 31. neuem6pa 2025. roanne. [Tpumaphu ncxoqu Ounm
Cy KyMyJaTHBHA  CTOIla IpPEKHBJbaBarkha HMILIAHTATA
(Kamman—MajepoBa aHajn3a ca peBU3HjOM U3 OHIIO KOT
pasnora kao KpajibOM Ta4KOM) M CTOIa KOMILIMKALWja.
CekyHIapHH HUCXOHMH OOyxBaTaln cy (YHKIIMOHATHU
cTaryc npouemweH nomohy Oxford Knee Score (OKS) y-
MTUTHUKA, 00UM TOKpeTa, KOPEKIHjy MeXaHUIKoT (pemo-
pOTHOMjATHOT yria U paauorpadcky cTabUITHOCT.
Pesysararn Menujana mepuona npaliersa M3HOCHIA j€
20,3 mecena. Munukanuje 3a yrpaamy Ouiie cy npumap-
Hu (43,8%) u cexynnapuu octeoaptputuc (21,9%), mo-
cTTpaymarcku aptputuc (21,9%), HeypomaTcka apTpo-
natuja (9,4%) u mceynoapTpoza IpOKCHMalHE THOHje
(3,1%). IlpeomepaTnBHa JIMTaMeHTapHa HECTAOMIHOCT
BepudukopaHa je kox 87,5% nanujenara. KymynatusHa
20-MecedHa cTomna MpeXuBJbaBamba U3Hocwmia je 87,5%
(cBe 4 peBusmje Ouie cy paHe, yHyTap 5 MecelH, ycie
HepHUIpoTeTcke nHpEKIHje 1 KoMIuTKanyja pane; 0% a-
CENITUYHOT Pa3nadaBibema). YKYIHA CTOINA KOMILIHMKA-
mija mHocmna je 34,4%. IlocromepaTuBHO, cpenmba
BpenHoct OKS je nopacrao ca 13,25 = 5,62 na 41,09 +
3,74 (AOKS =+27,84, p <0,001), Mmenujana oOuma mok-
peraca 70°Ha 115° (p <0,001), a arcosry THH KOPOHAITHU
nehopmuTeT (OACTYName O] HeyTpaiHe OMOMEeXaHUIKe
OCOBHHE) ce cMamHo ca 23,90° Ha 2,36° (p < 0,001).
3akspyuak [Ipumapua TAK y3 npumeny ITPII o6e30e-
Dyje opnruaH (YHKIMOHAIHU ONOpPaBaK, BUCOKY paHy
MEXaHWYKY CTaOWIIHOCT W IOY3IaHy KOpeKIHjy nedop-
MUTETA KOJA KOMIUICKCHUX IMPUMAapHUX CTamba, [IPpU 4YeMy
CYy PHTOpPO3HA KOHTPOJa HH(EKIHje U MaXKJbUBO MOCTY-
Namke ca MEKUM TKUBUMA O]l KJbYYHOT 3Hauaja.

Kbyune peum: ToTanmHa apTpoIUIACTHKA KOJICHA,
mpoTe3a ca  POTAlOHOM  IIAPKOM;  IPHMapHa
apTPOIUIACTHKA; aHajm3a MPEKUBIbABAMA;
(GYHKIMOHATHI UCXO

© Serbian Medical Society



Srp Arh Celok Lek 2026 | Online First: September 25, 2026 | DOI: https://doi.org/10.2298/SARH260724075S 3

INTRODUCTION

Total knee arthroplasty (TKA) represents one of the most successful and frequently performed
surgical procedures in modern orthopedic surgery. The primary objective of this intervention is
pain reduction, correction of deformity, restoration of joint function, and improvement in qual-
ity of life for patients with end-stage degenerative joint disease. The most common indication
for TKA is advanced primary osteoarthritis, but the procedure is also increasingly utilized in
inflammatory arthropathies, post-traumatic arthritis, avascular necrosis, and other conditions
leading to joint destruction. Advances in implant design, refinements in surgical technique, op-
timized perioperative care, and standardized rehabilitation protocols have significantly contrib-
uted to the reliability and durability of TKA. In modern literature, TKA 1s universally recog-
nized as a procedure that yields substantial functional tecovery in the vast majority of cases [1,

2,3].

Alongside objective clinical and radiographic parameters, patient-reported outcome measures
(PROMs) have emerged as essential indicators of therapeutic success and functional recovery
following primary TKA [1-4]. Validated joint-specific instruments, such as the Oxford Knee
Score (OKS), provide direct insight into postoperative pain relief, joint function, and the resto-
ration of daily activities from the patient’s perspective [1, 2, 3]. Nevertheless, the magnitude of
functional improvement varies depending on preoperative deformity severity, baseline pain in-
tensity, functional status, medical comorbidities, and postoperative complications [1-5].
Suboptimal outcomes are most frequently linked to persistent pain, stiffness, joint instability,
or complications requiring secondary surgical intervention [1, 2, 5]. Consequently, meticulous
preoperative evaluation, realistic patient counseling, and individualized surgical planning are

paramount when managing complex knee pathology [3, 5].

The success of primary TKA relies not only on implant selection but also on precise mechanical

DOI: https://doi.org/10.2298/SARH260724075S © Serbian Medical Society



Srp Arh Celok Lek 2026 | Online First: September 25, 2026 | DOI: https://doi.org/10.2298/SARH260724075S 4

axis alignment, soft-tissue balancing, and joint stability throughout the full arc of motion [6, 7,
8]. In standard primary cases, unconstrained implants (such as posterior-stabilized or cruciate-
retaining designs) are routinely employed to approximate physiological kinematics. However,
a distinct subset of patients presents with complex primary pathology [6, 7, 8]. This challenging
cohort includes patients with severe fixed varus or valgus deformities, gross collateral ligament
insufficiency, massive bone loss, post-traumatic structural alterations, neuromuscular disorders,
ankylosis, or joint hyperlaxity [6, 7, 8]. In these scenarios, standard unconstrained implants fail
to provide adequate primary stability and predictable outcomes [6, 7, 8]. Collateral ligament
incompetence cannot be addressed solely by soft-tissue releases, forcing the surgeon to select
an implant constraint level that matches the anatomical and functional severity of the defect to
compensate for irreversibly compromised soft-tissue envelope [6, 7, 8]. Inadequate constraint
predisposes to catastrophic postoperative instability, whereas excessive constraint transfers in-
creased mechanical stresses to'the bone-implant or bone-cement interfaces [8, 9, 10]. Therefore,
implant selection represents a critical determinant of surgical success in complex primary TKA

[6-10].

Rotating hinge knee (RHK) prostheses were specifically developed to provide mechanical sta-
bility when native joint stabilizers are severely compromised [6—10]. Unlike early fixed-hinge
mechanisms, modern RHK systems incorporate a mobile-bearing rotational axis that allows
controlled axial rotation alongside flexion and extension [8, 9, 10]. The rotational mechanism
is designed to reduce torsional stress transmission to the fixation interfaces compared with
fixed-hinge designs [8, 9, 10]. In primary TKA, the application of an RHK implant is non-
routine and strictly reserved for well-defined, complex clinical indications [6—10]. Most com-
mon indications comprise gross ligamentous instability, severe uncorrectable coronal deformi-
ties, massive flexion-extension gap mismatch, severe bone loss, and conditions where stability

cannot be achieved with less constrained implants [6—10]. In such patients, an RHK construct

DOI: https://doi.org/10.2298/SARH260724075S © Serbian Medical Society
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facilitates safe structural reconstruction, adequate immediate stability, and early functional mo-
bilization [6—10]. This is particularly advantageous in elderly or frail patients with poor soft-
tissue quality, in whom postoperative instability would carry devastating clinical consequences
[6, 7, 8]. However, because RHK implants represent the highest degree of constraint, their use
requires strict adherence to surgical indications [8, 9, 10]. Potential disadvantages —‘such as
increased stress transfer, risk of periprosthetic joint infection (PJI), aseptic loosening, and tech-

nically demanding future revisions — must be carefully weighed [8, 9, 10].

Recent literature demonstrates that when utilized in appropriately selected primary cases, mod-
ern RHK implants achieve favorable mid-term survivorship and remarkable clinical improve-
ment [6, 7, 9, 10]. However, most available evidence stems from heterogeneous cohorts that
combine revision and primary procedures, leaving a distinet knowledge gap regarding the per-
formance and specific early failure modes/of RHK implants exclusively in non-revision, com-
plex primary settings [6, 7,9, 10]. These outcomes are particularly encouraging given that using
standard implants-in these complex cases would carry a high risk of immediate failure or per-
sistent instability [6, 7,9, 10]. Functional outcomes in this cohort should be interpreted relative
to severe baseline deformity and ligamentous loss rather than benchmarked against uncompli-
cated primary TKA [6, 7, 8]. Thus, RHK prostheses represent a valuable option in complex
reconstructive knee surgery, yet further dedicated single-center evaluations in strictly primary
cohorts are needed to better define their early complication profile and functional trajectory [6—
10]. Evaluating institutional experience with RHK implants in primary TKA is of great practical
value to further clarify surgical indications, expected clinical outcomes, and potential failure
modes in challenging patient populations [6—10]. The aim of this study was to evaluate short-
term implant survivorship, complications, functional outcomes, range of motion, coronal align-
ment, and radiographic stability following primary TKA with an RHK implant in patients with

complex primary knee pathology.

DOI: https://doi.org/10.2298/SARH260724075S © Serbian Medical Society
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METHODS

Study design and source data

This retrospective, single-center, observational cohort study evaluated the clinical, functional,
and radiographic outcomes of patients who underwent primary total knee arthroplasty/using a
rotating hinge knee (RHK) prosthesis between December 1, 2023, and December 315 2025.
Final clinical and radiographic follow-up data collection was concluded on July 1, 2026, ensur-
ing that all included patients — including the most recently operated cases — had at least six
months of potential follow-up time to evaluate early outcomes-and survivorship. All patients
were tracked continuously from the index surgery, and those experiencing early adverse events
or revisions remained within longitudinal institutional follow-up. Data were extracted retro-
spectively from the institutional electronic health information system (HIS), incorporating in-
patient medical records, operative protocols, anesthesia records, discharge summaries, and out-

patient follow-up notes.

Patient selection criteria

Inclusion criteria were: 1) patients aged > 18 years at index surgery; 2) primary TKA utilizing
an RHK prosthesis; 3) surgical indication defined as severe end-stage knee joint degeneration
accompanied by gross coronal plane deformity, massive bone defects, and/or severe collateral

ligament instability; 4) minimum clinical and radiographic follow-up of six months.

Exclusion criteria were: 1) revision TKA; 2) resection arthroplasty for oncological indications
(tumor megaprotheses); 3) active local or systemic infection at index surgery; 4) incomplete

medical records lacking primary outcome parameters.

DOI: https://doi.org/10.2298/SARH260724075S © Serbian Medical Society
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Study variables and clinical evaluation

Collected variables were categorized into three chronological phases: preoperative, intraopera-
tive, and postoperative parameters. Preoperative variables included demographic characteris-
tics, American Society of Anesthesiologists (ASA) physical status classification, and Charlson
Comorbidity Index (CCI). Clinical characterization incorporated primary surgical indication,
history of prior ipsilateral non-arthroplasty knee surgeries, and type of joint instability (isolated
coronal/mediolateral, isolated sagittal/anteroposterior, or global/multiligamentous). Preopera-
tive functional status was evaluated using the Oxford Knee Score (OKS), and range of motion
(ROM) was measured using a standard goniometer. Full-length weight-bearing standing radio-
graphs were analyzed to measure the preoperative mechanical femorotibial angle (mFTA), with

positive values denoting valgus deformity and negative values denoting varus deformity.

Intraoperative variables recorded included type of anesthesia, application of modular metal aug-
ments or autologous bone grafts, stem fixation technique (cementless, cemented, or hybrid),
and polyethylene liner thickness (mm). Postoperative variables comprised final follow-up OKS,
maximum ROM following rehabilitation, postoperative mFTA, and detailed serial radiographic

evaluation.

Surgical technique and perioperative protocol

Surgeries were performed under general or spinal anesthesia after adequate medical optimiza-
tion. All procedures were carried out by a dedicated team of 10 fellowship-trained orthopaedic
specialists with extensive expertise in knee arthroplasty. Following standard positioning, an
anterior midline skin incision was performed, followed by a medial parapatellar arthrotomy.
Upon joint exposure, the preoperative decision for an RHK implant (Rotating Hinge Knee,

RHK®, Zimmer Biomet, Warsaw, Indiana, USA) was confirmed intraoperatively.

DOI: https://doi.org/10.2298/SARH260724075S © Serbian Medical Society
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Distal femoral and proximal tibial resections were executed using dedicated intramedullary and
extramedullary alignment guides, adhering to planned resection angles and depths. Bony de-
fects were reconstructed using modular metal augments or autologous bone grafting according
to surgeon preference. Following medullary canal preparation and trial component placement,
joint kinematics, gap balance, and hinge stability were verified through a full arc of ‘motion.
Final components were implanted using bone cement, obligatorily over resected articular sur-
faces, and optionally along medullary canal extensions depending on stem fixation protocol.

Pulsatile lavage irrigation was performed, and the wound closed in anatomical layers.

Prophylactic first-generation cephalosporins were administered until postoperative day 1. Ve-
nous thromboembolism prophylaxis with low-molecular-weight heparin was maintained for 5
weeks postoperatively. Structured physical therapy commenced on postoperative day 1 and was

finalized at inpatient rehabilitation centers after hospital discharge.

Radiographic evaluation

Serial anteroposterior (AP) and lateral knee radiographs obtained at final follow-up were eval-
uated by two independent orthopedic surgeons not involved in index operations. Radiographic
assessment aimed to detect radiolucent lines > 2 mm according to modern Knee Society (KS)
zones, component migration, osteolysis, or aseptic loosening. Mechanical alignment correction

was determined by comparing preoperative and postoperative mFTA values.

Study outcomes

Primary outcomes were implanting survivorship — defined as time (in months) from index sur-
gery to revision surgery for any cause (involving exchange or removal of any component, in-
cluding the liner) — and complication rates, categorized as intraoperative, early postoperative

(<90 days), or late postoperative (> 90 days).

DOI: https://doi.org/10.2298/SARH260724075S © Serbian Medical Society
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Secondary outcomes included functional score improvement (mean absolute change in OKS,
AOKS), gain in ROM, mechanical axis correction (absolute change in mFTA), and incidence

of radiographic instability or loosening.

Statistical analysis

Statistical analysis was performed using SPSS version 27.0 (IBM Corp., Armonk, NY, USA).
Continuous variables were evaluated for normality using the Shapiro-Wilk test. Normally dis-
tributed continuous variables are presented as mean =+ standard deviation (m + SD); non-nor-
mally distributed continuous variables are presented as median-with interquartile range (IQR).

Categorical variables are reported as frequencies and percentages (n, %).

Preoperative and postoperative continuous metrics (OKS, ROM, mFTA) were compared using
the paired t-test for parametric data or Wilcoxon signed-rank test for non-parametric data. Time-
to-event data were analyzed using the Kaplan-Meier survival analysis method, calculating cu-
mulative survivorship with 95% confidence intervals (CI), setting revision for any cause as the
primary endpoint. To identify independent risk factors for revision, variables demonstrating a
univariate statistical trend (p < 0.10) were entered into a Cox proportional hazards regression
model, calculating Hazard Ratios (HR) with 95% ClIs. A two-tailed p-value < 0.05 was consid-

ered statistically significant.

RESULTS

Demographics and preoperative patient profile

Out of 3,921 primary total knee arthroplasties performed at our institution between December

1, 2023, and December 31, 2025, a total of 32 patients underwent primary TKA utilizing a

DOI: https://doi.org/10.2298/SARH260724075S © Serbian Medical Society
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rotating hinge knee (RHK) prosthesis. The mean age of the cohort was 67.34 + 10 years (range:
42.0-82.0 years), with a marked female predominance (25 females vs. 7 males; 78.1% vs.

21.9%). The median postoperative follow-up was 20.33 months (IQR: 9—24.75 months).

Primary surgical indications comprised primary osteoarthritis (n = 14; 43.8%), secondary oste-
oarthritis (n = 7; 21.9%), post-traumatic arthritis (n = 7; 21.9%), neuropathic arthropathy (n =
3;9.4%), and nonunion of the proximal tibia (n = 1; 3.1%). Preoperative ligamentous.instability
was confirmed in 28 patients (87.5%), most commonly presenting as coronal/mediolateral in-
stability (n = 18; 56.3%) or global multiligamentous instability (n =9; 28.1%), wherteas isolated
sagittal instability was noted in a single case (3.1%). Regarding comorbidity indices, the ma-
jority of patients belonged to ASA physical status Class II (n = 15; 46.9%) orClass III (n = 14;
43.8%), with a median CCI of 3 (IQR: 2-5). Complete demographic and baseline data are de-

tailed in Table 1.

Surgical and intraoperative parameters

Spinal anesthesia was administered in 26 patients (81.2%), and a tourniquet was utilized in 22
operations (68.8%). Bone defect reconstruction was required in nine cases (28.1%): modular
femoral augments were used in three patients, tibial augments in three patients, and autologous
bone grafting for tibial defects in three patients. Bony defect reconstruction was performed
using modular metal augments or autologous bone grafting based on defect geometry, in-
traoperative surgeon judgment, and implant augment availability; specifically, bone grafting
was chosen in three tibial defect cases due to augment non-availability in two instances and

superior anatomical conformity of the graft to the defect shape in the third.

Cementless stem fixation was predominantly utilized (n = 27; 84.4%). Cemented fixation of
both femoral and tibial stems was performed in four cases (12.5%), whereas hybrid fixation

(cementless femoral / cemented tibial stem) was used in one patient (3.1%). The most frequently
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implanted polyethylene liner thickness was 12 mm (n = 25; 78.1%), with an overall liner thick-

ness range between 12 mm and 20 mm.

Implant survivorship (primary outcome)

The primary endpoint was defined as cumulative RHK construct survivorship free from revi-
sion surgery for any cause (exchange or removal of any component, including the polyethylene

insert). Cumulative 20-month implant survivorship was 87.5% (Figure 1):

All revisions (n = 4) occurred early — within the first five months postoperatively; no late me-
chanical failures requiring revision were observed during follow-up. Two patients with early
periprosthetic joint infection (PJI) underwent DAIR (debridement; antibiotics, and implant re-
tention) with polyethylene liner exchange. In one patient who had undergone primary TKA
combined with open reduction and double-plate internal fixation for a pre-existing proximal
tibial fracture, DAIR was performed along with partial hardware removal due to superficial
wound dehiscence. In one case of early PJI accompanied by femoral component instability, a
two-stage revision was successfully executed, with complete implant removal and temporary

placement of an antibiotic-impregnated cement spacer in the first stage.

Complication profile and radiographic status

The overall postoperative complication rate was 34.4% (n = 11). Intraoperative complications
occurred in two patients: partial avulsion of the patellar tendon insertion (repaired intraopera-
tively using bioabsorbable suture anchors) and an iatrogenic femoral shaft fracture (identified
on immediate postoperative radiographs and managed conservatively with cast immobilization

and restricted weight-bearing).

Early postoperative complications (< 90 days) developed in eight cases, dominated by early PJI

(n = 6). Among these, four cases required surgical revision (as detailed above), whereas two

DOI: https://doi.org/10.2298/SARH260724075S © Serbian Medical Society
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cases were successfully eradicated using targeted intravenous antibiotic therapy alone. Early
complications also included one post-traumatic distal femoral periprosthetic fracture (managed
nonoperatively) and one transient peroneal nerve palsy that achieved complete recovery after
six months of physical therapy. Late complications (> 90 days) occurred in a single patient as

lateral patellar subluxation, which was managed conservatively.

Serial radiographic analysis at final follow-up revealed no progressive radiolucent lines (> 2
mm according to Knee Society criteria), nor any signs of aseptic loosening, osteolysis, or com-
ponent migration in any case (0%). A chronological summary of ‘complications and surgical

management strategies is presented in Table 2.

Functional outcomes and alignment correction

Following operative treatment and complete physical rehabilitation, highly significant statisti-
cal improvements were recorded across all functional metrics. The mean Oxford Knee Score
(OKYS) rose significantly from a preoperative baseline of 13.25 + 5.62 to a postoperative mean
0of 41.09 £ 3.74, representing an absolute functional gain of AOKS =+27.84 + 7.38 points (p <
0.001). Range of motion (ROM) likewise demonstrated a statistically significant increase, with

the median arc expanding from 70.0° preoperatively to 115.0° postoperatively (p < 0.001).

The RHK system demonstrated exceptional capability in correcting severe coronal alignment
deformities. The raw preoperative mean mechanical femorotibial angle (mFTA) was 13.48° +
26.36°, which was corrected to a mean postoperative anatomical alignment of 6.80° + 2.86°
valgus. To account for mathematical cancellation of opposing deformities (varus vs. valgus),
paired t-testing was performed on the absolute deviation from target neutral alignment (6° val-
gus). Absolute coronal plane deformity improved significantly from a preoperative mean of
23.90° to a postoperative mean of 2.36° (t = 9.42, p < 0.001). Preoperative and postoperative

functional scores, ROM, and alignment values are summarized in Table 3.
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DISCUSSION

Rotating hinge knee (RHK) prostheses represent the highest level of implant constraint in knee
arthroplasty, where construct stability depends entirely on the mechanical hinge linkage rather
than on native joint stabilizers such as collateral or cruciate ligaments. Historically, RHK de-
signs were reserved strictly for complex revision TKAs characterized by massive bone defects
and uncorrectable instability. First-generation hinged prostheses suffered from unacceptably
high mechanical failure rates, driven by intense stress transmission to the bone-implant-cement
interface, which resulted in early aseptic loosening [11]. Second-generation designs introduced
a rotating axis that accommodated axial rotation on the tibial plateau, significantly attenuating
torsional shear stresses on the host bone. Third-generation systems further incorporated modu-
lar stem options, anatomical patellofemoral trochlear, kinematics, highly conformal polyeth-
ylene inserts, and modular metal augments for joint line restoration and bone defect reconstruc-

tion [12].

These design refinements have broadened the clinical application of RHK implants to encom-
pass complex primary TKAs. Neuhaus et al. [7] recently confirmed that while RHK constructs
were historically limited-to salvage procedures, contemporary design iterations provide safe,
predictable primary joint reconstruction when native collateral ligaments are non-functional.
Our cohort achieved favorable 20-month cumulative RHK survivorship of 87.5% in complex
primary knees. Furthermore, patients demonstrated a dramatic functional improvement, evi-
denced by a mean AOKS gain of +27.84 points and complete elimination of preoperative joint
laxity. These findings closely mirror the landmark findings by Puri et al. [6] from the Hospital
for Special Surgery, who reported a 95% five-year reoperation-free survivorship and 100% sur-
vivorship free from aseptic loosening in 54 complex primary RHK cases. These collective find-

ings underscore that RHK prostheses are no longer limited to revision salvage, but represent a
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crucial primary option when native joint stabilizers are irreversibly lost [6, 7].

Reported mid- and long-term survivorship rates for rotating hinge knee implants in primary
settings vary considerably across the literature depending on follow-up duration and the specific
definition of endpoints (all-cause revision vs. reoperation) [9, 13—16]. In a comprehensive meta-
analysis of 6,554 primary knees, Abdel Khalik et al. [9] demonstrated a five-year revision-free
survival rate of 93.8% and a 10-year survival rate of 91.5%, establishing robust glebal bench-
marks for primary RHK implants. Similarly, von Hintze et al. [14] documented a 10-year sur-
vivorship of 91.6% in a dedicated primary cohort of 106 knees, while Schaible et al. [13] re-
ported a 100% implant survival rate at a mean follow-up of 32 months. Conyversely, some older
series reported guarded outcomes, with five-year survival dropping as low as'52% [15]. In the
longest single-center series (13.5 years mean follow-up), Kendoff et al. [16] demonstrated that
younger age (< 60 years) and preoperative valgus deformity significantly increased revision
risk (13.5-year survival of 96% in severe varus vs. 64% in valgus knees). In this context, our
observed revision=fiee survivorship of 87.5% reflects an early- to mid-term observation win-
dow (median follow-up of 20.3 months); although direct comparison with five- and 10-year
register benchmarks is limited by this time horizon discrepancy, our early trajectory is encour-
aging, and longer longitudinal follow-up is warranted to confirm whether these results remain

comparable over the long term.

A paramount finding in our study is the complete absence of aseptic component loosening,
osteolysis, or component migration (0%) throughout the follow-up window. While this is par-
tially attributable to the short follow-up duration, it highlights the mechanical efficacy of mod-
ern RHK mechanisms combined with long stem extensions in dissipating torsional shear loads
at the bone-implant interface [6]. Cottino et al. [17] from the Mayo Clinic corroborated this

mechanical durability, demonstrating an exceptionally low 10-year cumulative revision rate for
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aseptic loosening of just 4.5% across 408 RHK knees. Furthermore, Moussa et al. [18] con-
firmed that intramedullary stem extensions in constrained primary TKA significantly enhance
construct rigidity and eliminate early mechanical failure compared to non-stemmed constrained
designs. Our experience aligns with Kowalczewski et al. [19], who achieved 100% 10-year
survival free from mechanical loosening using hybrid press-fit long stems, and Spranz et al. [§],
who proved in a dedicated cohort that adding metaphyseal modular interfaces to RHK stems

does not compromise primary fixation stability (p = 0.072).

Etiological and chronological analysis of our failures (n = 4 revisions) demonstrates that im-
plant loss was driven exclusively by early periprosthetic joint.infection (PJI) and soft-tissue
healing problems rather than mechanical loosening or material fatigue (all revisions occurred
within five months postoperatively). Severe preoperative deformities, prolonged operative
times, and compromised host health (high ASA physical status and comorbidity indices) render
this patient population highly vulnerable to infectious complications [11, 20]. In their meta-
analysis, Abdel Khalik et al. [9] showed an overall rate of complications requiring revision of
7.4%, with-the most common causes being infection (2.6%), aseptic loosening (1.2%), and
periprosthetic fracture (1.1%). PJI as the dominant early failure mode is further corroborated
by Bruce et al. [12], who evaluated 53 RHK implants at a mean 7.6-year follow-up and con-
firmed that soft-tissue complications and PJI represent the primary causes of early secondary
intervention, as well as Rouquette et al. [20], who emphasized that septic risks are substantially
heightened in patients with prior non-arthroplasty surgeries and compromised soft-tissue enve-
lopes. Furthermore, given the extreme deformities and extensive posterior capsular releases
frequently required in complex primary RHK TKA, meticulous intraoperative dissection is

mandatory to avoid catastrophic neurovascular complications, such as iatrogenic popliteal ar-

tery injury [21].
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Functional recovery in our cohort was remarkable, characterized by a dramatic increase in mean
OKS (from 13.25 + 5.62 preoperatively to 41.09 £ 3.74 postoperatively) and expansion of me-
dian ROM to 115°. This high functional ceiling is facilitated by the primary TKA setting, where
periarticular soft tissues are well preserved, unlike in revision TKA [11, 20, 22]. In a prospec-
tive matched-pair analysis comparing primary RHK directly against standard primary TKA,
Schaible et al. [13] demonstrated that primary RHK achieved statistically superior postopera-
tive ROM (mean 126°) compared to matched standard TKA (117°, p=0.012), alongside com-
plete elimination of mediolateral laxity (which was present in 26% of standard primary TKAs).
Our mean postoperative ROM of 115° matches the findings-of Hecker et al. [11], while our
postoperative OKS score of 41.09 aligns with contemporary patient-reported outcome expecta-
tions highlighted in recent meta-analyses by Park et al. [5] and matched-pair satisfaction studies

by Vogel et al. [2].

The geometric restoration of limb alignment (reducing absolute coronal deviation from 23.90°
preoperatively to-2:36° postoperatively) highlights the biomechanical superiority of the RHK
construct."Hecker et al. [11] emphasized that severe uncorrectable coronal deformities consti-
tute a primary indication for RHK implantation. Our radiographic results align with Kendoff et
al. [16], confirming that primary RHK provides exceptional alignment correction in severe
varus deformities (96% long-term survival), while emphasizing that younger valgus patients
require rigorous surgical precision and vigilant monitoring. Furthermore, as demonstrated by
DeFrance et al. [3] and Singh et al. [1] restoring joint stability and overall mechanical alignment
in complex primary knees directly correlates with achieving modern patient satisfaction rates

above 85-90%.

Long-term surveillance remains essential given the systemic frailty of this cohort. In their 15-

year landmark study, Yang et al. [23] noted that despite an 87% implant survival rate, 100% of
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primary RHK patients eventually required ambulatory gait aids (canes or walkers), with a cu-
mulative late PJI rate of 14%. This indicates that reduced patient mobility in long-term follow-
up is frequently driven by systemic, neurological, or medical comorbidity progression rather
than mechanical TKA failure, which must be clearly communicated during preoperative patient

counseling [6, 23, 24].

This study has several limitations. First, its retrospective single-center design carries inherent
risk of selection bias. Second, follow-up duration (median 20.3 months) is optimal for detecting
early soft-tissue and infectious failures, but insufficient for evaluating long-term polyethylene

wear or late aseptic loosening [11, 17].

CONCLUSION

Primary total knee arthroplasty using a contemporary rotating hinge knee (RHK) prosthesis is
a highly effective, reliable, and biomechanically sound procedure for patients presenting with
severe coronal plane deformities, gross ligamentous instability, and major bone defects. The
procedure yields dramatic, statistically significant functional recovery, substantial pain relief,
and accurate mechanical axis restoration. With an 87.5% cumulative implant survivorship at
median 20.3 months and a 0% rate of early mechanical loosening or component migration,
modern RHK designs demonstrate excellent early structural durability. However, because early
failures are driven exclusively by periprosthetic joint infection and wound healing complica-
tions, long-term success relies on strict preoperative patient selection, meticulous soft-tissue

handling, and aggressive infection prevention measures.

Ethical approval and consent to participate: The subjects' written consent was obtained, ac-

cording to the Declaration of Helsinki. The study has been approved by the Institutional Ethics
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Table 1. Demographic and preoperative patient baseline profile (n = 32)

Variable Name Value / Distribution (n = 32)

Age at index surgery (years), Mean = SD (Range) 67.34 + 10 (42-82)

Follow-up duration (months), Median (IQR) 20.33 (9-24.75)

Charlson Comorbidity Index (CCI), Median (IQR) 3 (2-5)

Prior non-arthroplasty knee surgeries, Median 0 (0-0) (Range: 0-7)

(IQR)

Gender, n (%)

* Male (1) 7 (21.9%)
* Female (2) 25 (78.1%)
Surgical side, n (%)

* Right (1) 13 (40.6%)
e Left (2) 19(59.4%)

American Society of Anesthesiologists classifica-
tion status, n (%)

. 3 (9.4%)

Lot 15 (46.9%)
0

* Class III 14 (43.8%)

Primary surgical indication, n (%)

* Primary osteoarthritis (1) 14 (43.8%)

* Secondary osteoarthritis (2) 7 (21.9%)

» Post-traumatic osteoarthritis (3) 7 (21.9%)

* Neuropathic osteoarthritis (4) 3 (9.4%)

* Proximal tibial nonunion (5) 1 (3.1%)

Preoperative knee instability profile, n (%)

* No instability (0) 4 (12.5%)
* Coronal / Mediolateral (1) 18 (56.3%)
* Sagittal / Anteroposterior (2) 1 (3.1%)

* Global / Multiligamentous (3) 9 (28.1%)
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Table 2. Chronological distribution of postoperative complications and treatment strategies

Time window

Observed complica-

Re-operation / treatment strategy

tion type (n)
Intracoerative * Periprosthetic femur | e Identified postoperatively; treated non-
P fracture (n=1) operatively with cast immobilization
(n=2) * Partial patellar ten- * Repaired intraoperatively with anchors;
don avulsion (n=1) no secondary revision
* Revision required (n = 4): three cases
Earlv postoner * Early periprosthetic treated via debridement, antibiotics, and
a tivey postop joint infection (n = 6) implant retention with liner exchange;
one case treated via two-stage revision
with spacer; two cases successfully
* Periprosthetic femur treated with [V antibiotics alone
<
(<90 days) fracture (n=1)
* Managed nonoperatively
(n=8) * Peroneal nerve palsy

(n=1)

» Complete functional recovery at six
months with physical therapy

Late postopera-
tive

* Lateral patellar sub-

* Managed nonoperatively

(=90 days) luxation (n=1)

(n=1)

Radiographic ;;?esglp tgslo(:)rssgilrllg;_ * Zero events (0%) observed across the
failures SIS, P entire cohort during follow-up

nent migration (n = 0)
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Table 3. Preoperative vs. postoperative clinical, functional, and alignment parameters

Outcome parame- | Preoperative Postoperative Absolute
ter status status change (0) P
Oxford knee score +27.84 +
mean + SD 13.25+£5.62 41.09+3.74 738 <0.001
Range of motion 6 /rc0 ono o o o o

70.0° (65°-80°) 115° (110°-120°) +45 <0.001

median (IQR) (°)

Mechanical fem-
orotibial angle 13.48° £ 26.36° 6.80° +2.86° Variable <0.001
mean £ SD (°)
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Kaplan-Meier Survival Curve (Endpoint: Revision for Any Cause)
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Figure 1. Kaplan—Meier survival curve for rotating hinge knee (RHK) in primary total knee
arthroplasty (TKA), in months
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Oxford Knee Score (QKS) Improvement

0 Range of Motion [ROM) Improvement

120
40

100
e ¢ T a
' n
g & 8o
o - -
8 N a
20 =1 -
- 11} ]
-
‘III‘
10 - an +
_E
-
3
T
Preoperative Postoperative Presoperative PDSIUPE"’&EI'-'E‘

Figure 2. Functional Oxford Knee Score (OKS) and range of motion (ROM) improvement

after rotating hinge knee (RHK) primary total knee arthroplasty (TKA)
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Figure 3. Preoperative X-ray of 67-year-old female patient with severe posttraumatic osteoar-
thritis, valgus deformity and antero-posterior instability (left); postoperative X-ray after pri-

mary total knee arthroplasty with rotating hinge knee (right)
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