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A 59-year-old woman with nail patella syndrome (NPS) presented with progressive and severe right
knee pain for the past 3 years. Imaging demonstrated laterally dislocated patella, with asymmetric
femoral trochlea, and advanced lateral compartment arthritis. The patient underwent robotic-assisted
lateral unicompartmental knee arthroplasty (RAUKA). The patient saw marked improvements in patient-
reported outcome measurements from her initial visit to the last follow-up visit. While treatment of knee
osteoarthritis in patients with NPS can be difficult, especially with attempts of patellar realignment, we
present a case of a patient who underwent RAUKA, with sustained improvements in patient outcomes
and range of motion, at the 2-year follow-up visit. This study is the first of its kind to demonstrate the use
of a novel technology in a rare condition.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Nail patella syndrome (NPS) also known as hereditary onycho-
osteodysplasia, Turner-Keizer disease, or Fong disease is a rare
autosomal dominant genetic condition affecting 1 in 50,000 new-
borns [1,2]. The condition was initially termed by Chatelain et al. in
1820 [3]. While nail changes are the most uniform features of NPS,
the elbow, hips, and knees are also impacted from the condition [4].
Elbow abnormalities impact range of motion (ROM) by limiting
extension, pronation, and supination [4]. Bony processes project
posteriorly and laterally from the iliac bones of the pelvis which are
generally bilateral and conical [5]. With knee manifestations, the
patella may be small, irregularly shaped, or absent in patients with
NPS [5]. In addition, most patients with NPS present with knee
symptoms with complaints of anterior knee pain and bilateral
patellar instability [5]. These changes are attributed to genetic
mutations in the LIM homeobox transcription factor 1-beta
(LIMX1B) gene, located on the long arm of chromosome 9 in the
Y 11219. Tel.: (678) 232 7451.

Inc. on behalf of The American As
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9q34.1 locus, close to the ABO blood group locus [4,6e8]. Loss-of-
function mutations of LMX1B causes NPS [6e8]. As such, we pre-
sent a rare and unique approach in a case of a patient with NPS
presenting with knee pain and patellar instability with genu val-
gum deformity, who subsequently underwent robotic-assisted
lateral unicompartmental knee arthroplasty (UKA).

The patient was informed the data concerning the casewould be
submitted for potential publication and provided her consent.
Case history

A 59-year-old Caucasian female was referred to our clinic with
right knee pain and instability for the past 3 years, which she de-
scribes as worsening and hindering her activities of daily living. The
patient had participated in full sports and daily activities with a
known chronically dislocated patella since her diagnosis with NPS
as a teenager. The patient’s height was 170.2 centimeters, weight
65.77 kilograms, and body mass index 22.71 kg/m2. The patient
described the pain as being sharp with symptoms of swelling,
weakness, and giving away; rating the pain as an 8 out of 10,
worsening with physical activity. Relevant past medical history
included a torn meniscus of the right knee requiring a
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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meniscectomy which occurred approximately 4 years before the
office visit date. The patient mentioned she had tried conservative
management to alleviate her knee pain by undergoing physical
therapy from 2014 to 2017, trying various pain medications, and
having tried corticosteroid injections annually from 2015 to 2018,
but these interventions were unsuccessful in mitigating her knee
pain. Preoperative patient-reported outcome measurements of the
Short-Form 12 Physical Component Score (SF12-PCS) and Mental
Component Score (SF12-MCS) were 23.51 and 59.31, respectively.
Western Ontario and McMaster Universities Arthritis Index total
score was 60 with physical functional score being 41, pain score
being 13, and stiffness being 6.

On physical examination, the patient ambulated with an ant-
algic gait without an assisted walking device. Muscular examina-
tion showed 5/5 muscle strength in the right lower extremity. The
patient had intact sensations and 2þ palpable dorsalis pedis and
posterior tibial pulses in the right lower extremity. The right knee
demonstrated a ROM of 2� to 126�, a correctable valgus deformity,
lateral joint line tenderness, and laterally tracking dislocated pa-
tella. Radiography and computed tomography (CT) scan revealed
valgus deformity of the right lower extremity, a laterally dislocated
patella with intact cartilage, and a deep femoral trochlear groove
with asymmetric condyles (Fig.1aee). Posteroanterior radiographic
views demonstrated bone on bone in the lateral compartment with
a pristine medial compartment and an intact anterior cruciate lig-
ament, per physical examination (Fig. 1b).

Owing to failure in conservative management, we discussed
options with the patient, considering either a lateral UKA or total
knee arthroplasty (TKA). As the patient’s quadricepswas functional,
the patient was subsequently consented to undergo robotic-
Figure 1. Radiographic images of a patient with Nail-Patella syndrome with anteroposterio
osteoarthritis in the posteroanterior view (b). Lateral (c) and skyline views (d) showing th
demonstrating a hypoplastic and laterally dislocated patella.
assisted lateral UKA using the Stryker MAKO Robotic-Assisted
system (Stryker MAKO Corporation, Davie, Florida). In addition,
other case reports of patients with NPS undergoing primary TKA
have shown improper patellar tracking requiring soft tissue re-
leases [2,9]. With adequate quadricep function and wanting to
avoid extensive lateral retinacular releases or tibial tubercle
transfer, we felt a lateral UKA would provide better results. Pre-
operative CT scans of the patient’s operative knee were used to
accurately template the sizes of the prosthetic components
necessary. Imaging revealed the presence of a hypoplastic patella
dislocated laterally and deep femoral trochlea (Fig. 1e). The MAKO
graphical user interface revealed the patient to have a mechanical
axis alignment of 3.5� of valgus, with a correctable deformity to 1�

valgus alignment. A central-patellar surgical approach (ie, medial
approach) revealed a laterally dislocated patella (Fig. 2), advanced
grade 4 Kellgren and Lawrence changes in the posterior lateral
compartment, an intact anterior cruciate ligament, and pristine
patellofemoral joint and medial joint cartilage. After implant cus-
tomization, stable gaps and kinematic rollback were defined before
bony resections. Cemented components after trialing revealed
optimized alignment and balance of the knee (Fig. 2).

At the 2-week postoperative follow-up visit, the patient stated
she was doing well and had discontinued the use of her walking
device. ROM at this visit was 0� to 75� and improved to 0� to 100�

by the 6-week follow-up visit. Six months postoperatively, the
patient showed marked improvement with her ROM increasing to
0� to 116�. Long leg weight-bearing radiographs demonstrated a
mechanical axis alignment ofþ0.69� from neutral. At the 24-month
follow-up visit, the patient stated she was exercising up to 3 times
per week by cycling, walking, or performing pilates. ROM at this
r view lateral compartment osteoarthritis (a) and lateral compartment bone on bone
e laterally dislocated patella. Axial computed tomography scans (e) of the right knee



Figure 2. Operative pictures of the right knee in a patient with Nail Patella syndrome demarcating presence of patella on the lateral side (top-left). Intraoperative images showing
the lateral femoral compartment (top-right). Bone preparation for cementing of the lateral compartment (bottom-left). Final pictures of the cemented MCK lateral onlay implants
(bottom-right).

Figure 3. Radiographic images at the most recent follow-up visit demonstrating a neutral mechanical alignment of þ0.12� valgus by measuring the mechanical axis alignment (a).
Lateral (b) and skyline views (c) demonstrating proper implant positioning without any signs of subsidence or radiolucent lines. Red star ¼ laterally dislocated patella.
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Table 1
Existing literature of other investigations of nail-patella syndrome patients under-
going either total knee arthroplasty or unicompartmental knee arthroplasty.

Author Year Sample size Procedure
performed

Laterality

Yang et al. [15] 2020 n ¼ 1 UKA Right medial
Curbo et al. [2] 2019 n ¼ 1 TKA Right
Khaimov et al. [16] 2018 n ¼ 2 TKA Bilateral
Louboutin et al. [9] 2017 n ¼ 1 TKA Right
Lachiewicz and

Herndon [17]
1997 n ¼ 1 TKA N/A

N/A, not applicable; TKA, total knee arthroplasty; UKA, unicompartmental knee
arthroplasty.
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office visit was 0� to 118�. Patient-reported outcomemeasurements
completed during this visit demonstrated improvement compared
with the preoperative visit with SF12-PCS and SF12-MCS of 55.50
(preoperatively: 23.51) and 61.82 (preoperatively: 59.31), respec-
tively, and total Western Ontario and McMaster Universities
Arthritis Index score of 2 (pain: 0, stiffness: 0, physical functioning:
2) (preoperatively: 60). Forgotten Joint Score of the operative knee
was 98. Long leg, anteroposterior, lateral, and skyline view radio-
graphs were taken to confirm adequate mechanical alignment,
implant position, and absence of radiolucencies. Long leg weight-
bearing radiographs demonstrated a mechanical axis alignment
of þ0.12� valgus (Fig. 3a). Radiographs of the operative knee in
three views demonstrated stable implant position without any
subsidence or radiolucencies around the prostheses and lateral
patellar dislocation. The patient was recommended to follow-up as
needed.

Discussion

We report a case of a 59-year-old female presenting with NPS
with knee pain successfully treated with robotic-assisted lateral
UKA. While the prevalence of NPS is rare, this case demonstrates
the ability to properly treat these patients with robotic-assisted
UKA for isolated compartment arthritis. Most of the existing liter-
ature regarding the knee manifestations of NPS have been limited
to radiographic assessment; however, no studies have discussed
the surgical treatment and clinical outcomes of these patients
(Table 1) [2,9,10]. To the best of our knowledge, we believe this is
the first case representing a patient with NPS undergoing primary
robotic-assisted UKA demonstrating excellent outcomes 24months
after the index procedure, based on improvements of ROM and
outcome measurements.

Initially termed in the 1800s, Chatelin et al. described the
presence of nail dysplasia being associated with knee and elbow
dysplasia [5]. The familial and genetic nature of the condition was
not recognized until the late 1800s by Pye-Smith and Little [6,11].
Recently, NPS and its involvement in other skeletal areas such as
the ankles, feet, and spine have been reported [5,12,13]. Ankle and
foot manifestations can present with talipes equinovarus, calca-
neovarus, calcaneovalgus, equinovalgus, or hyperextension of the
foot. Tightening of the Achilles tendon is also common. Spinal and
chest wall deformities include increased lumbar lordosis, scoliosis,
spondylolisthesis, or pectus excavatum [13]. NPS patients have also
been reported to have reduced bone mineral density in the hips,
predisposing these patients to increased fractures [13]. With
respect to the knee, the anatomic abnormalities in these patients
often lead to either subluxation or dislocation of the patellae
causing knee instability and pain [2,9,14]. The midline synovial
septum, which divides the knee into the medial and lateral parts of
the knee, is the cause of this dislocation. In patients with NPS, this
septum cuts a deep grove into the trochlea preventing the patella
from being properly seated in the trochlear groove [14].

We believe implementing the robotic-assisted system facilitated
the ability to resurface the affected compartment and refrain from
issues related to patellar realignment which could cause flexion
stiffness or continued instability. The CT planning allowed
anatomic positioning, and the implants were adjusted to
compensate for the screw-home mechanism with congruency
through the full ROM. The gaps were optimized to adjust for the
coronal alignment target. The haptics enabled a mini-medial
approach to compensate for the laterally dislocated patella. These
patients can function at a high level with a chronically dislocated
patella, and her recovery was uneventful.

Conclusion

Our case adds to the literature of treatment strategies for pa-
tients with NPS with isolated knee osteoarthritis. This case dem-
onstrates an excellent early recovery and continued improvement
at the 24-month visit in a 59-year-old patient with NPS. In addition,
longer term outcomes and whether conversion to TKA becomes
necessary in the future will be determined. This will enhance the
literature by determining whether performing conversion to TKA
without addressing the patellar dislocation can be equally suc-
cessful and even potentially offer a longer term solution.
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