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a b s t r a c t

Genu varum in patients with achondroplasia is common and is often exacerbated by the associated
generalized ligamentous laxity. Despite this, development of knee osteoarthritis is rare. There are only a
few previously published case reports of total knee arthroplasty in this population. We present 2-year
follow-up of a patient with achondroplasia who underwent staged bilateral primary total knee arthro-
plasties using hinged components. Technical considerations and careful preoperative planning are
required in patients with achondroplasia given their small skeletal stature, metaphyseal deformities, and
ligamentous laxity.
© 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 license (http://creativecommons.org/licenses/by/

4.0/).
Introduction

Achondroplasia is the most common skeletal dysplasia. It is an
autosomal dominant form of short-limbed dwarfism caused by a
mutation in the fibroblast growth factor receptor 3 gene on chro-
mosome 4p16.3. [1]. The mutation is spontaneous in 90% of cases
and suppresses chondrocyte growth and proliferation. The classic
phenotype of achondroplasia is characterized by a long-trunk
short-limb short stature. Limb shortening is rhizomelic, predomi-
nantly affecting the proximal long bones such as the humerus and
femur. Other typical features include macrocephaly with frontal
bossing, midface hypoplasia, trident hands, and generalized liga-
mentous laxity of most joints. The knee is most commonly affected
[2].

The fibroblast growth factor receptor-3 mutation in achondro-
plasia causes abnormal enchondral ossification affecting the physes
in long bones and growth of flat bones such as the base of the skull
and the posterior elements of the spine, thereby accounting for the
classic features of short limbs, craniofacial differences, and spinal
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stenosis. Intramembranous ossification is unaffected, therefore
normal bone width is preserved [3]. Most importantly, this muta-
tion does not adversely impact articular cartilage, as it is common
in other skeletal dysplasias such as type 2 collagenopathies (ie,
spondyloepiphyseal dysplasia). This is likely why end-stage osteo-
arthritis is rare in patients with achondroplasia [3].

In typical, patients with achondroplasia develop a varus lower
limb deformity. Bony dysplasia causing proximal and distal femoral
varus, lateral tibial bowing, and fibular overgrowth contribute to
the overall varus mechanical alignment. The soft tissue laxity of the
knee joint can further exacerbate the varus deformity [4,5]. Patellar
dislocation has been reported in a series of patients because of a
combination of soft tissue laxity, abnormal gait kinematics, and a
shallow trochlea [6,7]. A decreased tibial sagittal slope compared to
population controls can occur causing concurrent genu recurvatum
[8]. Some patients with achondroplasia may elect to undergo
realignment procedures via high tibial osteotomies or less often
distal femoral osteotomies in addition to limb-lengthening sur-
geries [9]. This is important to note because these procedures can
alter the anatomic axes of the femur and tibia. In typical, femoral
lengthening via an external fixator will lead to varus, whereas
lengthening via an intramedullary device will lead to valgus. After
an osteotomy, tibial deformity can occur in either varus or valgus if
a plate construct is used. With an intramedullary device, however,
valgus and procurvatum is the most common deformity.
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Figure 1. AP bone length radiograph. Characteristic rhizomelic shortening and meta-
physeal changes associated with achondroplasia. Notable medial joint space narrowing
with lateral widening suggestive of instability.
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Despite the severity and frequency of genu varum deformity in
achondroplasia, reports of end-stage osteoarthritis and subsequent
total knee arthroplasty (TKA) are rare. One case report describes
staged bilateral TKAs with ipsilateral simultaneous closing wedge
metaphyseal femoral osteotomies in a patient with achondroplasia.
Both TKA implants used were rotating-hinge implants with long
stems [10]. Kim et al. published a series of TKAs performed in pa-
tients with skeletal dysplasias, including 5 TKAs performed in 3
patients with achondroplasia [11]. All these patients had varus
deformities requiring medial soft tissue releases. In some cases, the
authors used computer navigation techniques given the patients’
bony deformity and used either mobile bearing or posterior stabi-
lized implants [11].

We report a 45-year-old female with achondroplasia and the
end-stage knee osteoarthritis secondary to a severe coronal plane
instability. She required staged bilateral TKAs with hinged com-
ponents using all-polyethylene tibial components given her severe
soft ligamentous laxity and instability. We additionally present our
surgical technique, as it required unconventional modifications.
Her small skeletal stature precluded standard instrumentation,
necessitating “free-hand” preparation of the femur and intra-
medullary tibial resection.

Case history

A 45-year-old female patient with achondroplasia presented to
an outpatient arthroplasty clinic with a 3-year history of bilateral
knee pain and progressive varus deformities. She was previously
active and participated in sports such as cross-country skiing. With
the progressive worsening of her knee osteoarthritis, she became
limited to using a walker for ambulation. She struggled to continue
her work as an attorney and independently performing her activ-
ities for daily living despite anti-inflammatories, physical therapy,
and corticosteroid injections. Her only concurrent medical issue
was depression, for which she took a selective serotonin reuptake
inhibitor. Her past surgical history included bilateral tibial osteot-
omies with subsequent removal of hardware as a child to address a
limb deformity. She could not recall details of the procedure, and no
historical operative records were available.

On examination, she was 1.14 m tall and weighed 49 kg, with a
BMI of 34.5. Her gait examination was notable for a varus thrust
bilaterally, right worse than left. Her knee range of motionwas 0� to
100� on the left and �2 to 95� on the right, demonstrating mild
recurvatum. She had approximately 20� of bilateral resting varus
alignment, which was correctable to neutral with valgus stress. She
had no lateral restraints with varus stress bilaterally.

Radiographs, including standing alignment films, showed end-
stage medial compartment osteoarthritis and varus limb align-
ment. Her mechanical axis passed medial to her knees bilaterally
(Fig. 1). Given her worsening quality of life, her significant joint
instability, and failure of nonsurgical modalities, staged bilateral
TKA was indicated.

Numerous technical options for TKA were considered given the
patient’s ligamentous laxity and abnormal bony morphology.
Stemmed rotating hinge components were selected to address her
instability and mitigate the subsequent risk of aseptic loosening. In
addition, this system allowed for placement of pediatric sized all-
polyethylene tibial implants, which would permit the ability to
intraoperatively burr down the component and “tailor” its size in
the event of substantial medial overhang. Other options would
have included the use of custom cutting blocks and implants;
however, this would have required preoperative advanced imaging
and delayed surgery because of the period of fabrication.

The patient elected to undergo her left TKA first, as it was
more symptomatic. A standard anterior midline incision was
used, and a medial parapatellar arthrotomy was performed. Full-
thickness chondrolysis in the medial compartment was
observed. A limited medial release was then performed off the
proximal tibia. The Stryker Hinge Knee System instrumentation
(Mahwah, NJ) was used for this procedure. The distal femoral
cut was made with a 6� valgus-cut angle off an intramedullary
guide. The rest of the femoral preparation was performed un-
conventionally given the extremely small size of the patient’s
distal femur, particularly in the medial to lateral dimension. The
extra small cutting block, which was initially selected, was still
too large to be properly secured to the distal femur. As such, the
block was held in position provisionally by hand, whereas the
appropriate cuts were scored and then completed “free-hand”
without a block.

Owing to the length of the patient’s leg, the intramedullary
cutting guide was selected over the standard extramedullary cut-
ting guide for the tibial resection. After sizing the tibial base plate,
there was some resistance with the tibial punch, and the extra-
small tibial trial component was noted to sit a few millimeters
proud. As the knee did not come into full extension, radiographs
were obtained, and they showed a nondisplaced fracture of the
posterolateral tibial metaphysis (Fig. 2). The tibia was subsequently
downsized to an 8-mm all-polyethylene pediatric component,
which allowed for full knee extension. During trialing, the patella
was noted to track centrally over the trochlea and was devoid of
chondrolysis. The decision was therefore made to not resurface the
patella, but rather perform a denervation procedure with associ-
ated limited lateral facetectomy.



Figure 3. AP bone length, right and left lateral, and sunrise radiographs 2 years
postoperatively with no evidence of early polyethylene wear, aseptic loosening, or
stem subsidence.

Figure 2. Lateral intraoperative fluoroscopy image demonstrating posterolateral
metaphyseal tibia fracture that occurred during the performance of her left total knee
arthroplasty.
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During cementing of the components, cement restrictors and a
cement gun were used. The femoral and tibial components were
cemented separately in 2 cement mixes, with the tibial component
being cemented before the femoral component. The hinge was
assembled, and the wound closed in a standard fashion. Weight-
bearing was restricted to 20 lbs foot-flat with a walker for the
initial 6 weeks given her intraoperative fracture. She underwent a
right TKA 3 months later having fully recovered from her left side
surgery. This was performed in the same manner as the left side. To
avoid intraoperative fracture of the tibia, the pediatric size tibial
component was selected as the first trial. Postoperatively, she was
allowed to weight bear as tolerated immediately.

She progressed well postoperatively without any complications.
By her 3-month postoperative appointment after the right side, she
no longer had significant pain, did not use a gait aide, and returned
towork in her legal office. She was most recently seen at her 2-year
postoperative appointment and continues to do well with minimal
pain and no gait aides. Her only reported functional difficulty is
descending stairs, for which she uses a railing. She also notes oc-
casional nonpainful crepitus around her patellae. Upon examining,
her gait was nonantalgic with resolution of the varus thrust and
bilateral neutral limb alignment on standing. Her incisions were
well healed, knee range of motion was 0�-95� bilaterally, and
excellent stability was noted in the coronal plane throughout her
entire arc of motion.

She completed patient report outcome measures at her 2-year
postoperative visit. She was able to participate in moderate activ-
ity and could do unlimited housework (UCLA Activity Score 5,
improved from 2 preoperatively [restricted to minimum activities
of daily living]). Knee Injury and Osteoarthritis Outcome Score for
Joint Replacement scores for both knees improved to 76.332 from
42.281 preoperatively. Her Oxford Knee scores improved to 42 on
the left and 41 on the right comparedwith 9 preoperatively for both
knees. Her postoperative Forgotten Joint Score for both knees was
60.4 out 100, slightly below the median of 68.8 for patients 1 year
out from TKA, with normal skeletal stature [12]. Her postoperative
Patient-Reported Outcomes Measurement Information System 10
scores of global physical health and mental health scores were 75%
and 85%, respectively. The patient stated that she was extremely
happy she had the procedures and that they greatly improved her
quality of life.

The 2-year postoperative standing alignment radiographs
showed maintained neutral mechanical limb axes without evi-
dence of early polyethylene wear, aseptic loosening, or stem sub-
sidence. Her patellar alignment and radiographically apparent
patellar wear were unchanged from her 3-month postoperative
radiographs (Figs. 3-6). Her next follow-up visit will be at 5 years
postoperatively or sooner should issues arise.

Discussion

We report the rare presentation of a patient with achondro-
plasia and severe bilateral knee osteoarthritis with associated
ligamentous instability. Given her failure of nonsurgical manage-
ment and severe pain and disability, TKA was indicated to restore
function and improve pain.

In addition to careful preoperative planning, thorough patient
counseling is required when performing total joint arthroplasty in
patients with skeletal dysplasias. There are increased risks of
intraoperative and postoperative complications secondary to her
smaller skeletal stature, metaphyseal deformity, and ligamentous



Figure 5. AP bone length, right and left lateral, and sunrise radiographs 2 years
postoperatively with no evidence of early polyethylene wear, aseptic loosening, or
stem subsidence.

Figure 4. AP bone length, right and left lateral, and sunrise radiographs 2 years
postoperatively with no evidence of early polyethylene wear, aseptic loosening, or
stem subsidence.
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laxity. Kim et al. reported 2 transient peroneal nerve palsies in their
series of 12 patients who underwent TKA with a history of skeletal
dysplasia [11]. Patel et al. showed that patients with skeletal
dysplasia undergoing TKA were generally younger with fewer
medical comorbidities than the general TKA population, although
they reported higher rates of surgical site infection and acute blood
loss anemia requiring transfusion [13]. Guenther et al. showed
worse survival rates of TKA in patients with skeletal dysplasia than
those of TKA in the general population at 5 years [14].

Technical considerations include the use of revision-style implants
to allow for increased constraint and diaphyseal fixation to ensure
coronal plane stability and minimize the risk for aseptic loosening.
Care must be taken during templating to ensure that appropriate
smaller implant sizes, including pediatric sizes, are available. Multiple
options for both intramedullary and extramedullary guides should
also be available during femoral and tibial preparation. Computer
navigation and customcutting blocks are also options that can beused
if patient anatomy does not allow for traditional techniques such as
intramedullary femoral instrumentation [11].

Patient-specific instrumentation was considered for this case.
Preoperative advanced imaging allows for fabrication of custom
cutting blocks that fit to the patient’s preoperative bony
morphology and creates custom-sized implants. This technique
also has the potential for more accurate component sizing, given
the limited options available for patients with achondroplasia.
There are limited data to date on using this technique in patients
with achondroplasia [11]. Previous reports have demonstrated ac-
curacy with this technique in restoring limb alignment in 10 pa-
tients with extra-articular deformities <20� not associated with
skeletal dysplasia [15]. A larger study using postoperative CT scans
in 1257 patients with knee osteoarthritis without significant
deformity was shown to have better mechanical axis and rotational
positioning in TKAs that used patient-specific instrumentation
compared with conventional instrumentation [16].
These results, however, have not been found consistently in
other studies and do not correlate with improved patient outcomes
[17,18]. A systematic review of available literature did not demon-
strate differences in overall alignment, improvement in pain,
function, and overall satisfaction [19]. It additionally showed that
surgeons often had to make intraoperative changes, deviating from
the manufacturers’ preoperative plan [20]. With this caveat in
mind, patient-specific instrumentation may have allowed for cut-
ting blocks that would have better fit the patients' anatomy and
prevented the need to free-hand a portion of our femoral prepa-
ration. However, if the custom cutting blocks or implants had not fit
properly, backup standard instrumentation and implants would
have still been required significantly increasing the costs and time
of the case. Ultimately, the reported technique of using the tradi-
tional blocks to score the cuts and completing them with a free-
hand technique worked well for this patient and did not incur
any additional imaging or cost. The intraoperative left tibia fracture
was caused by improper selection of initial component size. The
keel on the extra small implant was too large for this patient’s
anatomy. The pediatric sized implant fits appropriately.

Accelerometer-based computer navigation was also considered
in this case as it has similarly been shown to be an effective tool in
complex primary TKA with extra-articular deformity [21]. We
attempted to use the KneeAlign2 system (Orthalign, Inc., Aliso
Viejo, CA), which has been shown to reliably target neutral coronal
alignment, tibial slope, and rotation within 2� in 95.7% of cases
compared with 68.2% using conventional instrumentation [22,23].
In this case, however, wewere unable to use the instrumentation as
the patient’s tibia was too short to accommodate the malleolar



Figure 6. AP bone length, right and left lateral, and sunrise radiographs 2 years postoperatively with no evidence of early polyethylene wear, aseptic loosening, or stem subsidence.
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referencing tibial guide. Future applications of this device in pa-
tients with skeletal dysplasias should be considered.
Summary

Knee osteoarthritis in patients with achondroplasia is rare
despite these patients commonly developing significant genu
varum. In those that develop end-stage osteoarthritis, TKA is tech-
nically feasible and can significantly improve pain and function.
Appropriate patient and implant selection aswell as careful surgical
technique to avoid intraoperative complications is paramount.
Conflict of Interests:

The authors declare there are no conflicts of interest.
References

[1] Bellus GA, Hefferon TW, Ortiz de Luna RI, et al. Achondroplasia is defined by
recurrent G380R mutations of FGFR3. Am J Hum Genet 1995;56(2):368.

[2] Langer Jr LO, Baumann PA, Gorlin RJ. Achondroplasia. Am J Roentgenol Radium
Ther Nucl Med 1967;100(1):12.

[3] Herring J. Skeletal dysplasias. In: Herring J, editor. Tachdjian’s Pediatric Or-
thopaedics. 6th ed. Elsevier; 2021.

[4] Lee ST, Song HR, Mahajan R, Makwana V, Suh SW, Lee SH. Development of
genu varum in achondroplasia: relation to fibular overgrowth. J Bone Joint
Surg Br 2007;89(1):57.

[5] Ain MC, Shirley ED, Pirouzmanesh A, Skolasky RL, Leet AI. Genu varum in
achondroplasia. J Pediatr Orthop 2006;26(3):375.

[6] Takamine Y, Kitoh H, Ito H, Yazaki S, Oki T. Patellar dislocation in achondro-
plasia. J Pediatr Orthop B 2008;17(1):47.

[7] Khan A, Fergusson CM. Patellofemoral disorders presenting as bilateral locked
knees in achondroplasia. Knee 2007;14(1):71.

[8] Brooks JT, Bernholt DL, Tran KV, Ain MC. The tibial slope in patients with
achondroplasia: its characterization and possible role in genu recurvatum
development. J Pediatr Orthop 2016;36(4):349.

[9] McClure PK, Kilinc E, Birch JG. Growth modulation in achondroplasia. J Pediatr
Orthop 2017;37(6):e384.
[10] Walter SG, Schwering T, Preiss S. Two-staged bilateral, femoral alignment
osteotomy with concomitant total knee arthroplasty in an achondroplasia
patient - a case report. J Orthop Case Rep 2017;7(2):33.

[11] Kim RH, Scuderi GR, Dennis DA, Nakano SW. Technical challenges of total
knee arthroplasty in skeletal dysplasia. Clin Orthop Relat Res 2011;469(1):
69.

[12] Maniar RN, Dhiman A, Maniar PR, Bindal P, Gajbhare D. What influence
forgotten joint score? What is its correlation to new knee society score?
Orthop Proc 2018;100-B(Supp_12):61.

[13] Patel H, Cichos KH, Moon AS, McGwin Jr G, Ponce BA, Ghanem ES. Patients
with musculoskeletal dysplasia undergoing total joint arthroplasty are at
increased risk of surgical site Infection. Orthop Traumatol Surg Res
2019;105(7):1297.

[14] Guenther D, Kendoff D, Omar M, et al. Total knee arthroplasty in patients with
skeletal dysplasia. Arch Orthop Trauma Surg 2015;135(8):1163.

[15] Thienpont E, Paternostre F, Pietsch M, Hafez M, Howell S. Total knee arthro-
plasty with patient-specific instruments improves function and restores limb
alignment in patients with extra-articular deformity. Knee 2013;20(6):407.

[16] Pauzenberger L, Munz M, Brandl G, et al. Patient-specific instrumentation
improved three-dimensional accuracy in total knee arthroplasty: a compar-
ative radiographic analysis of 1257 total knee arthroplasties. J Orthop Surg Res
2019;14(1):437.

[17] Woon JTK, Zeng ISL, Calliess T, et al. Outcome of kinematic alignment using
patient-specific instrumentation versus mechanical alignment in TKA: a
meta-analysis and subgroup analysis of randomised trials. Arch Orthop
Trauma Surg 2018;138(9):1293.

[18] Kizaki K, Shanmugaraj A, Yamashita F, et al. Total knee arthroplasty using
patient-specific instrumentation for osteoarthritis of the knee: a meta-anal-
ysis. BMC Musculoskelet Disord 2019;20(1):561.

[19] Sassoon A, Nam D, Nunley R, Barrack R. Systematic review of patient-specific
instrumentation in total knee arthroplasty: new but not improved. Clin
Orthop Relat Res 2015;473(1):151.

[20] Stronach BM, Pelt CE, Erickson J, Peters CL. Patient-specific total knee
arthroplasty required frequent surgeon-directed changes. Clin Orthop Relat
Res 2013;471(1):169.

[21] Tigani D, Masetti G, Sabbioni G, Ben Ayad R, Filanti M, Fosco M. Computer-
assisted surgery as indication of choice: total knee arthroplasty in case of
retained hardware or extra-articular deformity. Int Orthop 2012;36(7):
1379.

[22] Nam D, Cody EA, Nguyen JT, Figgie MP, Mayman DJ. Extramedullary guides
versus portable, accelerometer-based navigation for tibial alignment in total
knee arthroplasty: a randomized, controlled trial: winner of the 2013 HAP
Paul award. J Arthroplasty 2014;29(2):288.

[23] Nam D, Nawabi DH, Cross MB, Heyse TJ, Mayman DJ. Accelerometer-based
computer navigation for performing the distal femoral resection in total knee
arthroplasty. J Arthroplasty 2012;27(9):1717.

http://refhub.elsevier.com/S2352-3441(20)30261-2/sref1
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref1
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref2
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref2
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref3
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref3
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref4
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref4
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref4
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref5
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref5
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref6
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref6
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref7
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref7
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref8
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref8
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref8
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref9
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref9
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref10
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref10
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref10
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref11
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref11
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref11
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref12
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref12
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref12
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref13
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref13
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref13
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref13
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref14
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref14
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref15
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref15
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref15
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref16
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref16
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref16
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref16
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref17
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref17
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref17
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref17
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref18
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref18
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref18
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref19
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref19
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref19
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref20
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref20
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref20
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref21
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref21
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref21
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref21
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref22
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref22
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref22
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref22
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref23
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref23
http://refhub.elsevier.com/S2352-3441(20)30261-2/sref23

	Complex Primary Total Knee Arthroplasty in a Patient with Achondroplasia, Osteoarthritis, and Severe Coronal Instability
	Introduction
	Case history
	Discussion
	Summary
	Conflict of Interests:
	References


