
Contents lists available at ScienceDirect

Journal of Orthopaedics

journal homepage: www.elsevier.com/locate/jor

Joint replacement in X-linked hypophosphatemia
Emily S. Mills, Louis Iorio, Richard S. Feinn, Kevin M. Duignan, Carolyn M. Macica∗

Department of Medical Sciences, Frank H. Netter MD School of Medicine at Quinnipiac University, Hamden, CT, 06518, USA

A R T I C L E I N F O

Keywords:
X-linked hypophosphatemia
Osteomalacia
Phosphate-wasting disorders
Knee or hip osteoarthritis outcome score
physical function short form
Knee arthroplasty
Hip arthroplasty

A B S T R A C T

X-linked hypophosphatemia (XLH) is associated with a pervasive, severe degenerative osteoarthritis. We con-
ducted a retrospective chart review/patient survey using the Knee or Hip Osteoarthritis Outcome Score Physical
Function Short Form. Fourteen total knee arthroplasties and 7 total hip arthroplasties among 11 patients were
included. The mean KOOS-PS score was 31.4 ± 9.7 with a mean follow up of 6.9 years. Mean HOOS-PS score
was 14.8 ± 12.9 at a mean follow up of 7.6 years. One knee failed due to aseptic loosening and one hip was
revised due to polyethylene wear. In conclusion, total joint arthroplasty is beneficial in XLH.

1. Introduction

X-linked hypophosphatemia (XLH) is the most common form of
heritable rickets with an incidence of approximately 1 in 20,000.1 XLH
arises from an inactivating mutation in the phosphate-regulating gene
with homology to endopeptidases located on the X chromosome (PHEX)
gene.2The loss of PHEX activity results in an excess of fibroblast growth
factor 23 (FGF23), a phosphatonin that causes renal phosphate wasting
and low levels of 1,25(OH)2 vitamin D3.3 These effects combine to
result in rickets and osteomalacia in children and osteomalacia in
adults. Patients present in childhood with short stature, bowing of the
legs and medial tibial rotational torsion.4

In XLH, joint degeneration occurs prematurely, is more pervasive,
and involves multiple joints.5–7 Therapeutic interventions to minimize
the impact on joints in the phosphate-wasting environment are limited
by a lack of understanding in the etiology of the degenerative arthritis
of XLH. Studies conducted in a murine model of XLH, the Hyp mouse,
revealed significant changes to the normal bi-zonal architecture of ar-
ticular cartilage, lacking a mineralized zone of articular chondrocytes
while assuming a homogeneous single zone of chondrocytes in an un-
mineralized matrix.5 However, treatment of Hyp mice with oral phos-
phorus and calcitriol restores the normal architecture of the cartilage
suggesting that preservation of the articular joint with ongoing therapy
may positively impact the progression of the disorder. Nonetheless,
there is currently no consensus on the treatment of adult patients with
XLH.5,8,9 The recent introduction of a monoclonal antibody targeting
the phosphatonin FGF23 may likewise impact the progression of the
disorder.10–12

However, there is little research aimed at finding a better way to
manage the arthritis associated with XLH. One study by Larson et al. of
eight patients with XLH showed that joint replacement is an effective
treatment for XLH associated arthritis.13 An extensive literature search
revealed no further research on this topic. In this study, we aimed to
further validate the findings by Larson et al.

2. Materials and methods

We conducted a retrospective chart review and a patient survey.
Institutional review board approval was obtained. Participants were
identified and recruited from the XLH Network, which is a patient ad-
vocacy organization. Patients were surveyed using the Knee or Hip
Osteoarthritis Outcome Score Physical Function Short Form (KOOS-PS
or HOOS-PS). The KOOS-PS and HOOS-PS were developed using the
Rasch method and have been validated to assess physical function.14,15

The KOOS-PS is seven items and the HOOS-PS is a five-item ques-
tionnaire. Raw scores were collected and converted using the published
conversion chart. Scores range from 0 (no difficulty) to 100 (extreme
difficulty). In addition, we reviewed operative notes, clinic notes, and
imaging studies.

Inclusion criteria were age 18 and over, a diagnosis of XLH, and
either a total hip or knee replacement with a minimum follow up time
of two years post arthroplasty. Exclusion criteria were age under 18, no
diagnosis of XLH, a joint replacement other than the hip or knee, and a
lack of two year follow up time.

A linear mixed model was used to test if either cement or medica-
tion use before or after surgery were predictive of better functioning
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after surgery, as measured by the KOOS-PS and HOOS-PS. For cement,
models were run separately for hip and knee replacements. For medical
treatment before or after surgery, models were run jointly for hips and
knees. All models included fixed effects for follow-up in months since
surgery as well as either medication or cement use, depending on the
variable being tested. A random effect included the intercept that
varied by patient to account for the correlation of scores given by the
same patient. Statistical significance was set at an alpha level of .05 and
analyses were conducted in SPSS v24. All means are reported ±
standard deviation.

3. Results

3.1. Knee arthroplasty

A total of 14 TKAs were reported among nine patients (Table 1). The
mean age at time of surgery was 50 ± 9 years old and mean BMI was
29.5 ± 5.9. Eight patients were female and one patient was male. The
mean KOOS-PS score reported was 31.4 ± 9.7 with a mean follow up
time of 6.86 ± 3.5. Implant survivorship was 93%.

Ten tourniquet times were listed in the operative reports, with a
mean of 81.2 ± 26.8min. One custom guide was used and one semi-
constrained LCCK implant was used. Four tibial components were
mobile bearing, nine were fixed bearing, and one operative report did
not indicate the components used. Eleven femoral components were
posterior stabilized, one was cruciate retaining, one was a constrained
condylar knee implant, and one was not indicated in the operative re-
port. Eleven implants were cemented, while two were a hybrid con-
struct with only the femur cemented, and one was cementless (Fig. 1). A
significant difference was noted by cement status (p= 0.002). The es-
timated mean KOOS-PS was lowest for the cementless knee
(19.2 ± 4.0), next lowest for partially cemented knees (26.0 ± 10.4)
and highest for the fully cemented knees (33.8 ± 3.2).

3.2. Complications

One patient with a cemented implant required revision 6 years post-

operatively due to tibial component loosening (Fig. 2). One patient
suffered a patellar tendon avulsion intra-operatively treated with a
patellar tendon repair. One patient developed compartment syndrome
with unknown etiology two days post operatively requiring emergent
fasciotomy.

3.3. Hip arthroplasty

A total of seven THAs were reported among five patients (Table 2).
The mean age at time of surgery was 50 ± 10 years old and mean BMI
was 31.4 ± 5.0. One patient was male and four were female. The mean
HOOS-PS score reported was 14.8 ± 12.9 with a mean follow up time
of 7.6 years ± 5.7 post-arthroplasty. Implant survivorship was 86%.

One revision stem was used, while the rest of the femoral compo-
nents were primary. Two were ceramic on ceramic bearings, one was
ceramic on polyethylene, three were metal on highly cross-linked
polyethylene, and one did not indicate the bearing in the operative
report. Four femoral heads were 32mm, two were 36mm, and one did
not indicate the size. One femoral component was cemented, while the
rest were press fit (Fig. 3). There was no significant difference in HOOS-
PS scores between cemented and cementless prostheses (p= 0.165).

3.4. Complications

One patient required revision 18.9 years post primary THA due to
polyethylene wear. The femoral component was cemented and was not
revised.

One patient suffered a periprosthetic fracture post operatively
(Fig. 4). This patient had a cementless implant with a ceramic on
polyethylene bearing. This patient's HOOS-PS score was 12.7 post-op-
eratively, even considering her periprosthetic fracture, with a follow up
time of 7.9 years.

3.5. Medical treatment

Three patients (four knees) who underwent TKA and one patient
(two hips) who underwent THA received medical treatment before or

Table 1

Patient Laterality Age at Time
of Surgery

BMI KOOS-PS
Score

Follow-up
Time (yrs)

Tibial
Component

Femoral
Component

Cement Tournequet
Time (mins)

Medical
Treatment

Complications

1 Right 59.5 25.0 35.3 2.9 N/A PS* Yes N/A No Patellar tendon avulsion
2 Left 48.4 34.0 33.6 2.6 FB* Constrained Yes 70 Yes Compartment syndrome
3 Left 51.3 28.0 24.9 7.0 MB* PS* Yes 100 No None
3 Right 50.2 28.0 24.9 8.2 MB* PS* Yes 120 No Revision 6 yrs post

primary TKA for aseptic
loosening

4 Left 53.9 34.4 24.9 4.0 FB* PS* Yes 63 Yes None
4 Right 56.2 34.4 10.5 3.2 FB* PS* No 37 Yes None
5 Left 52.2 39.1 42 6.3 FB* PS* Yes N/A No None
5 Right 52.7 39.1 40.3 5.8 FB* N/A Yes N/A No None
6 Left 52.3 23.9 40.3 7.9 MB* PS* Yes 84 No None
6 Right 52.3 23.9 42 7.9 MB* PS* Yes 90 No None
7 Left 31.0 24.0 27.5 13.3 FB* PS* Femur only 88 No None
7 Right 30.1 24.0 24.9 14.3 FB* PS* Femur only 112 No None
8 Left 58.7 33.0 24.9 5.2 FB* PS* Yes 48 Yes None
9 Left 45.6 22.7 44 7.3 FB* CR* Yes N/A No None

*FB: Fixed-Bearing MB: Mobile-Bearing PS: Posterior Stabilized CR: Cruciate Retaining.
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after surgery for XLH. Four patients received the standard phosphate
and calcitriol treatment while one received teriparatide. We did not
find a significant difference in KOOS-PS (treatment M=23.5; no
treatment M=34.6; p=0.083) or HOOS-PS (treatment M=4.6; no
treatment M=18.9; p=0.440) scores between patients who received
medical treatment and those who did not, although our small sample
size makes it difficult to draw conclusions from this data.

4. Discussion

This series is the second and largest study of total joint arthroplasty
in patients with XLH. At midterm follow-up, we found that TKA and
THA resulted in KOOS-PS and HOOS-PS scores that are similar to out-
come scores in the unaffected population.16–18 One knee failed six years
post-operatively due to aseptic loosening, and one hip was revised at
18.9 years due to polyethylene wear.

In this small series, we found a significant difference between pa-
tients who received cementless versus cemented implants. However,
due to our sample size of one patient with a cementless knee, we are
unable to draw any conclusions from this data. Patients with XLH have
poor bone quality, which historically has been an indication for using
cemented prostheses.19,20 However, patients often present at a younger
age than the unaffected population and therefore may be candidates for
cementless implants.20

Bone quality in XLH has been compared to that of renal osteody-
strophy, a similar metabolic bone disease.13,21 Several studies have
recommended cemented implants in renal osteodystrophy due to the
potential for poor ingrowth,22,23 while others have shown no difference
between cemented verses cementless implants.24,25 A recent study re-
commended the use of cemented implants in THA in patients with
metabolic bone disease.26 However, this study did not specifically
mention XLH in the discussion, although there was a discussion of os-
teomalacia. The results of the present study support the theory that
cementless implants may be as effective as cemented implants in pa-
tients with metabolic bone disease. However, we only studied patients
with XLH and had a small number of patients.

There has been one previous study by Larson et al. of THA and TKA
in the XLH population.13 This study had 8 TKAs and 6 THAs from 8 total
patients at a single institution. They found that total joint arthroplasty
was an effective treatment for rickets-associated arthritis. Our small
series reinforces Larson et al.‘s conclusion that TKA and THA are ef-
fective treatments for XLH associated arthritis.

In terms of medical treatment, it is recommended that patients be
treated before and after surgery to reduce the risk of implant loosening.
Patients should be referred to an endocrinologist before surgery, as the
recommendation is to start medical treatment three-six months prior to
joint replacement.4 We did not find that patients who did receive
medical treatment either before or after surgery had improved out-
comes as opposed to those who did not, although we had a small sample
size making it difficult to interpret our results. In addition, the recently
approved anti-FGF23 monoclonal antibody, burosumab, may improve
bone ingrowth potential in the setting of familial phosphate-wasting
disorders.10–12

Our study is limited by the small size of our sample due to the rarity
of XLH. Additionally, any conclusions drawn from the data must be
taken with caution because of the small sample size and the fact that

Fig. 1. This is a 55 year old female (Table 1, patient 4) who presented with
bilateral knee pain. (A) is an anteroposterior (AP) film of her bilateral knees 2
years post-operatively from her left TKA, which was a cemented posterior
stabilized implant. (B) is an AP film one year post-operatively from her right
TKA, which was a cementless posterior stabilized implant, and three yrs. post-
operatively from her left TKA. (C) is an AP film three years post-operatively
from her left TKA and five years post-operatively from her right TKA, showing
no evidence of loosening or implant migration.
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different surgeons from different centers performed the surgeries.
Surgical technique and expertise almost certainly differed between
patients, which must be taken into account when interpreting these
results.

5. Conclusion

TKA and THA are effective in the XLH population. Surgeons who
attempt total joint replacement in this population should be prepared
for a technically difficult surgery. Any conclusions drawn from this
study should be taken with caution due to our small sample size and
tailored to the patient. Although our findings support the use of total
joint arthroplasty in the treatment of degenerative arthritis in in-
dividuals with XLH, more research is needed in this field to further
determine which types of implants work best in the XLH population.

Additionally, more research is needed to determine if cementless im-
plants are a reasonable option for young patients with metabolic bone
disease.
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Fig. 2. This is a 50 year old female (Table 1, Patient
3) who presented with severe medial compartment
osteoarthritis bilaterally (A). (B) She underwent ce-
mented bilateral TKA, and this is an anteroposterior
(AP) film one year post-operatively from her right
TKA and two years post-operatively from her left
TKA. The tibial component on the right side is ma-
laligned with respect to the tibial canal (arrow). (C)
This is an AP film six years post-operatively from her
right TKA. She was not experiencing any pain, but
there is clear evidence of tibial component loosening
(arrow) and migration. (D) This is an AP film after
revision right TKA.

Table 2

Patient Laterality Age at
Surgery

BMI HOOS-PS Follow-up time
(yrs)

Bearing Femoral Head
Size

Cemented Femoral
Component

Medical
Treament

Complications

10 Left 53.2 29.2 4.6 6.9 COC* 32 No Yes No
10 Right 51.6 29.2 4.6 8.5 COC* 32 No Yes No
11 Right 41.6 33.3 12.7 7.9 C/PE* 36 No No Periprosthetic Fracture
5 Left 55.9 39.1 37.7 2.5 M/HCLPE* 36 No No No
8 Left 59.8 33.0 4.6 4.2 M/HCLPE* 32 No No No
8 Right 60.4 33.0 12.7 3.5 M/HCLPE* 32 No No No
9 Right 33.6 22.7 26.9 19.5 N/A N/A Yes No Revision 18.9 years after

primary THA

*COC: Ceramic on Ceramic C/PE: Ceramic on Polyethylene M/HCLPE: Metal on Highly Cross-Linked Polyethylene.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jor.2018.12.007.
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