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Abstract

Spontaneous rupture of the patellar (PTR) and quadriceps (QTR) tendon is infrequent. Systemic diseases such as diabetes mellitus, CKD, and
secondary hyperparathyroidism (SHPT) are risk factors. The present cohort study aimed to evaluate risk factors associated with tendon rupture
in hemodialysis (HD) patients with SHPT, as well as outcomes including surgical complications, re-ruptures, and fracture. Baseline clinical,
laboratorial data, and radiographs were analyzed. Patients were followed up from March 2012 to March 2020. One-hundred thirty-one patients
(≥18 yr of age, on HD ≥ 6 mo, with SHPT) were included. Incidence rates of PTR and QTR were 2.3 and 1.7/10000 HD patients/yr, respectively.
The mean age of patients with tendon rupture was 44.0 ± 11.2 yr. These patients exhibited higher serum levels of phosphorus (6.3 ± 1.5 mg/dL
vs 5.6 ± 1.1 mg/dL; P = .005), PTH (2025.7 ± 667.6 pg/mL vs 1728.4 ± 684.8 pg/mL; P = .035), and C-reactive-protein (35.4 ± 32.9 mg/dL vs
17 ± 24.5 mg/dL; P = .002) compared to the group without tendon rupture. The mean follow-up was 56.7 ± 27.1 mo. No patient required a new
surgical approach or experienced re-rupture. Of all patients, 31% experienced hip fracture: 50% in the group with rupture (29.5 ± 17.4 mo after
the tendon rupture) vs 26% without tendon rupture (P = .015). After adjustment, the hazard ratio for hip fracture was 2.87 (95% CI, 1.27–6.49;
P = .012). Patients with SHPT and high levels of phosphorus, PTH, and inflammatory markers were at greater risk for tendon rupture. Surgical
complication rates were low. However, results suggest that tendon rupture of knee extensor mechanism in HD patient with SHPT should be
regarded as a “red flag” for future hip fracture.
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Introduction

The quadriceps (QTR) tendon, patella, and patellar (PTR)
tendon are part of the knee extensor mechanism and are
essential for ambulation. Spontaneous rupture of the PTR and
QTR tendon appears to be infrequent in the general popula-
tion, although the exact incidence among hemodialysis (HD)
patients remains unknown. Bilateral rupture of these tendons
is even rarer; however, in recent years, some case reports in
the literature have been described.1-12 Reported risk factors
for tendon rupture include the following: use of specific drugs,
such as quinolones and corticoids; autoimmune diseases, such
as systemic lupus erythematosus and rheumatoid arthritis; and
systemic diseases, such diabetes mellitus, obesity, CKD, and
secondary hyperparathyroidism (SHPT).13-18

The prevalence of CKD is increasing worldwide, with an
estimated 850 million affected individuals in 2021.19 The
number of complications related to this disease is also increas-
ing, including bone alterations and SHPT. With a reduction
in renal function, there is a change in calcium, phosphorus,
and vitamin D levels, which, if not corrected promotes a
progressive increase in PTH levels. These alterations, known

as mineral and bone disorder related to CKD (CKD-MBD),
are associated with extra skeletal calcifications (including
vascular and tendon), fractures, and histopathological bone
alterations (renal osteodystrophy).20 The fracture incidence is
higher in HD patients and it occurs earlier in these patients
than in the general population.21,22 Many factors are related
to fracture,22-24 and it is crucial to recognize new risk factors,
because fracture increases hospitalization, morbidity, mortal-
ity, and costs.

In 1962, Preston was the first to associate tendon rup-
tures with hyperparathyroidism.25 Since then, several case
reports describing QTR or PTR in patients on HD have
been published.26-40 Two studies evaluated HD patients with
hyperparathyroidism versus HD patients without SHPT (con-
trols).41,42 The authors observed that patients who expe-
rienced tendon rupture were younger and exhibited higher
levels of serum calcium, phosphorus, alkaline phosphatase,
and PTH. However, not all patients with severe SHPT experi-
ence tendon rupture. As such, this study aimed to evaluate
the incidence and risk factors associated with tendon tears
of the knee extensor mechanism in HD patients with severe
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hyperparathyroidism, as well as perioperative complications,
re-ruptures, and associated fracture during follow-up.

Patients and Methods

The present study was an observational, prospective, longi-
tudinal study, involving a cohort of patients followed at the
Renal Osteodystrophy outpatient clinic of the National Insti-
tute of Traumatology and Orthopedics Jamil Haddad (INTO)
and University Hospital Clementino Fraga Filho (UFRJ). The
former is an orthopedic referral hospital, which offers special-
ized care in highly complex orthopedic procedures, while the
latter is a tertiary hospital that offers specialized care, such
as an outpatient clinic to evaluate bone and mineral disease
related to CKD, bone biopsy, and parathyroidectomy. This
study was approved by the local ethics committee, and was
conducted in accordance with the Declaration of Helsinki.

Inclusion criteria were as follows: age > 18 yr, undergoing
HD for at least 6 mo, and severe SHPT (PTH > 1000 pg/mL),
and in outpatient follow-up for >12 mo. Patients with
known bone disease (Paget, myeloma) or who used medi-
cations that affect bone metabolism such as anticonvulsants,
corticoids, antiretrovirals, and anti-osteoporotic drugs were
excluded.

Clinical, laboratory, and radiographic data were analyzed
at baseline. Clinical (age, gender, time on dialysis, medication
use, smoking, underlying disease for CKD, and comorbidities)
and anthropometric (weight, height, BMI) data were collected.

Laboratory investigations included: serum total calcium
(8.5–10.5 mg/dL), phosphorus (2.5–4.5 mg/dL), alkaline
phosphatase (65–300 U/L), iPTH (second generation chemi-
luminescentimmunometric assay, 12–65 pg/mL), 25(OH)
vitamin D (30 ng/mL), albumin (3.6–4.8 g/dL), C-reactive
protein (0–5 mg/dL), ferritin (28–365 ng/mL), transferrin
saturation index (20%–50%), hemoglobin (12–16 g/dL), and
bicarbonate (22–26 mmol/L).

Patients underwent X-ray examinations of the hands, tho-
racolumbar spine, pelvis, femur, and knees to assess fracture,
tendon calcification and the presence of bone cysts.

β2-microglobulin amyloidosis was assessed according to
the presence of amyloid deposits detected by Congo red stain-
ing in the histopathological examination of the tendon or by
the presence of bone cysts in the femoral head, humerus, and
hands, in addition to the presence of carpal tunnel syndrome.

The site of tendon rupture, type of treatment (conservative
or surgical), surgical method, and time between rupture and
surgery (early, if surgery occurred within 30 d or late, if longer
than 30 d) were noted.

This cohort study was divided in 2 phases. The first step was
to analyze the incidence and risk factors for tendon rupture in
HD patients with severe SHPT referred to our institutions.
Thereafter, these patients were prospectively followed from
March 2012 to March 2020 to assess surgical complications,
the need for a new surgical approach, and the occurrence of
skeletal events, such as new tendon ruptures and fractures.

After Kolmogorov–Smirnov normality test, Student’s
t-test (parametric continuous variables), Mann–Whitney
(non-parametric continuous variable) and Chi-squared test
(categorical variables) were used for comparison between 2
independent groups (with or without tendon rupture). We
calculated incidence rate of tendon rupture per 10 000 HD
patients per year. The patients were distributed according
to the type of tendon rupture (PTR, QTR, unilateral, or

bilateral). Kaplan–Meier survival analysis with Log rank
test was used to evaluate the probability of fracture over
time. We performed the univariable analysis to identify which
variables were associated with fracture. Those variables with
a P value of .25 or lower on univariable analysis were
included in multivariate analysis. Cox regression model was
performed to estimate the hazard ratio for fracture adjusted
for risk factors. The hazard ratios were plotted in Forest
plot to better visualize these data. Continuous variables
are expressed as mean ± SD or median and interquartile.
Categorical variables are presented as number and percentage.
All tests were 2-sided, and the significance level was fixed at
0.05. Statistical analysis was performed using SPSS version 28
(IBM Corporation).

Results

In total, 131 patients with severe SHPT were evaluated. An
incidence of 49 tendon ruptures (28 PTR and 21 QTR) in 31
patients (24%) was found. The incidence rate was 2.3 and
1.7 per 10 000 HD patients/yr for PTR and QTR, respectively.
Of the 31 patients, 58% were male. There were no cases of
rupture of other tendons.

Differences between groups with and without tendon rup-
ture were analyzed in clinical characteristics and risk fac-
tors for rupture (Table 1). None of the 6 tendons subjected
to histopathological evaluation tested positive for amyloid
deposit by Congo red staining. Practically, all patients with
tendon rupture exhibited tendon calcification on knee radio-
graphy.

Same clinical and laboratory parameters were studied in
patients with unilateral rupture (n = 13) versus those patients
with bilateral rupture (n = 18). There was no significant dif-
ference in any of these parameters, with the exception of
albumin level, which was lower in patients with bilateral
rupture (3.9 ± 0.2 g/dL vs 3.5 ± 0.6 g/dL; P = .015).

Sudden pain and inability to sustain leg extension were
the main symptoms in complete extensor mechanism rupture.
Patella displacement, with patella alta (infrapatellar gap) in
PTR and patella baja (gap suprapatellar) in QTR, was evi-
denced in the physical exam and X-ray. Seventy percent under-
went early surgical treatment (10.7 ± 8 d from the occurrence
of the rupture until surgery), while 26% received late treat-
ment (88.6 ± 55.2 d).

The number of early complications was low, with the
occurrence of 1 case (3%) of dehiscence and 1 case (3%)
of superficial surgical infection, both of which were treated
with antibiotics. Patients returned to their daily activities in
approximately 6 mo after surgery. There were no cases of
deep venous thrombosis. Patients were prospectively followed
up for 56.7 ± 27.1 mo. No patient required a new surgical
approach, and there were no reports of re-rupture or rupture
of other tendons.

All patients with severe SHPT were in the queue for
parathyroidectomy, and while waiting for the procedure, they
underwent drug therapy with phosphorus binders, calcium
carbonate, and calcimimetic, and vitamin D analogs. Fifty-six
patients (43%) underwent parathyroidectomy, 55% of whom
after tendon rupture (mean 39.6 ± 20.4 mo).

Despite clinical or surgical treatment of SHPT, 31% of all
patients experienced hip fracture: 50% in the group with
tendon rupture versus 26% in the group without (P = .015).
Among patients with tendon rupture who later experienced
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Table 1. Demographic, laboratory, and radiographic data of patients with and without tendon rupture.

Without tendon rupture
(n = 100)

Tendon rupture
(n = 31)

P value

Gender (Male) 45 (45%) 18 (58%) .203
Age 47.4 ± 10.8 44.0 ± 11.2 .134
HD vintage 115.3 ± 55.5 117.4 ± 32.2 .838
BMI 24.0 ± 4.6 24.7 ± 4.3 .493

BMI > 30 6 (6%) 2 (6.5%) .927
Smoking 8 (8%) 2 (7%) .776
Cause of CKD

Unknown 55 (55%) 11 (35%) .058
Hypertension 30 (30%) 14 (45%) .118
Diabetes mellitus 0 (0%) 1 (3%)
Others 15 (15%) 5 (17%) .878

Ca 9.6 ± 0.9 9.4 ± 0.8 .449
P 5.6 ± 1.1 6.3 ± 1.5 .005a

ALP 1377.7 ± 1133.1 1634.6 ± 1343.5 .293
iPTH 1728.4 ± 684.8 2025.7 ± 667.6 .035a

25OHD 27.2 ± 11.4 29.1 ± 10.5 .442
Bicarbonate 22.4 ± 4.8 21.3 ± 7 .301
Albumin 3.9 ± 0.5 3.7 ± 0.5 .047a

CRP 17 ± 24.5 35.4 ± 32.9 .002a

Ferritin 821.4 ± 720.2 1144.8 ± 975.1 .054
IST 28.9 ± 13.6 28.8 ± 14.8 .982
Hemoglobin 11.2 ± 2.5 10.7 ± 1.8 .344
Colesterol 160.2 ± 37.8 181.5 ± 50.2 .069
Triglycerides 140.3 ± 61.2 165.9 ± 60.3 .140
Bone cyst+CTS 16 (16%) 5 (16%) .986
Corticoid use 10 (10%) 4 (12%) .647
Tendon calcification 32 (32%) 30 (97%) <.001a

Previous hip fracture 13 (13%) 5 (16%) .658

To compare groups, we used the t-Student test for continuous variable and Chi-Square for categorical variables a:p<0.05 Abbreviations: ALP, alkaline
phosphatase (U/L); Ca, calcium (mg/dL); CRP, C-reactive protein (mg/dL); CTS, Carpal Tunnel Syndrome; HD, hemodialysis; iPTH, intact parathormone
(pg/mL); P, phosphorus (mg/dL). Values expressed by mean ± SD, or absolute number (%).

Figure 1. Kaplan–Meier curve to fracture event.

hip fracture, 15% did not undergo parathyroidectomy,
whereas 80% did (P = .009). There was one vertebral fracture
in each group (with and without rupture), with no significant
difference. There was no correlation between rupture site
(ie, PTR or QTR) and the occurrence of fracture. Hip
fracture occurred approximately 29.5 ± 17.4 mo after tendon
rupture. Figure 1 shows Kaplan–Meier curve to fracture
event. After adjustments for age, calcium, phosphorus,
alkaline phosphatase, PTH, CRP, and albumin levels, and

parathyroidectomy, tendon rupture was an independent risk
factor, as shown in Figure 2. The hazard ratio for fracture was
2.87 (95% CI, 1.27–6.49, P = .012).

Discussion

It has been established that CKD and SHPT are risk factors
for spontaneous PTR and/or QTR. However, not every patient
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Figure 2. Forest plot of hazard ratio for hip fracture.

undergoing HD and with SHPT experience tendon rupture. To
our knowledge, this was the first study to assess risk factors
for tendon rupture and outcomes in this specific population.
We observed that higher serum levels of phosphorus and
PTH were more strongly associated with spontaneous tendon
rupture, as well as patients exhibiting inflammation (elevated
CRP and ferritin levels). In the longitudinal evaluation, these
patients experienced few surgical complications and no re-
ruptures; however, they were twice as likely to experience hip
fracture.

Spontaneous PTR and QTR appear to be infrequent in the
general population, although the exact incidence is unknown
in HD patients. A previous study reported incidences of
1.37/100 000 for QTR and 0.68/100 000 for PTR in the
general population of Edinburgh (Scotland) between 1996
and 2000.43 However, a Finnish population-based study
observed that annual incidence of QTR increased by over
400% between 1997 and 2014.44 In our study, involving
patients with risk factors for tendon rupture, such as CKD
and SHPT, the incidence rate was 2.3 and 1.7 per 10 000 HD
patients per year for PTR and QTR, respectively. Koh and
Arimuthu45 reported a case series in patients undergoing HD
and with PTH levels >600 pg/mL, in whom the incidence rate
of QTR was 7.27 per 10 000 person-years between 2012 and
2021, illustrating the high incidence of tendon rupture in this
population.

Currently, there are pharmacological treatments for SHPT,
such as calcimimetics and vitamin D analogs. However,
adverse events associated with drugs (nausea, vomiting,
gastrointestinal intolerance, hypo- or hypercalcemia) and
high pill burden limit medication adherence.46 When patients
do not respond adequately to pharmacological treatment,
parathyroidectomy is the treatment of choice.47 However,
these medications and surgery are not widely accessible and
are associated with high costs and socioeconomic impact.48-50

Then, the prevalence of SHPT (PTH > 600 pg/mL) is high,
mainly in developing countries, varying between 18% and
28.3% and between 10.7% and 13.3% for severe SHPT
(PTH > 1000 pg/mL).51-55 Of note, the incidence of patients
undergoing HD increases each year, as well as patients with

SHPT and consequent skeletal complications, such as tendon
rupture.

In CKD, uremic toxins, acidosis and changes in mineral,
hormone and bone metabolism (CKD-MBD) may be involved
in the pathophysiology of tendon rupture. A progressive
increase in PTH levels results in an increase in bone turnover.
At very high PTH levels (>1000 pg/mL), characterizing
severe hyperparathyroidism, there is a greater predominance
of bone resorption, cortical thinning, and, consequently,
weakening of the tendon insertion site in the bone.56,57 The
majority of QTR and PTR occur at the osseous insertion
site.17,18,57-59 Furthermore, a direct effect of PTH on the
tendon matrix by depolymerization of glycoproteins is pos-
sible.60 Hyperparathyroidism promotes greater extra-skeletal
calcification, such as in vessels, soft tissues, and tendons,
rendering these structures less flexible and with a weakened
less response to microtrauma correction. In our population,
virtually all patients exhibited tendon calcification, similar
to Tsourvakas et al.59 and Wu et al.,61 who found ectopic
calcification and there were calcifications in the ruptured
end of the tendon in all patients. Extra-skeletal calcification
can also affect vessels, leading to hypovascularization and
ischemia.

The loss of tendon elasticity can also occur in patients
with β2-microglobulin accumulation. This is a medium-size
molecule removed by high-flux dialysis capillaries, but its
use has only recently expanded. Therefore, patients in whom
low-flux or bioincompatible dialysis membranes are used are
at a higher risk of accumulating this molecule, which has
a tendency to deposit in the synovium, bones, ligaments,
and tendons. This accumulation is usually proportional to
HD vintage.62,63 Our patients were on HD for long time
and, despite the possibility of β2-microglobulin amyloidosis,
there was no difference between the groups with and without
tendon rupture. Among samples analyzed in our study, none
exhibited amyloid deposits, similar to that found in other
study.59 Consistent with Jones et al.41 and De Franco et al.,64

we believe that amyloid and tendon ruptures are not necessar-
ily correlated, although both occur in patients who have been
undergoing dialysis for many years.
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Systemic inflammation is prevalent among HD patients and
is correlated with high CRP and low albumin levels.65,66

Patients who experienced tendon rupture in our study exhib-
ited higher CRP and ferritin and lower albumin levels, mainly
in those with bilateral rupture. Therefore, they are more sus-
ceptible to direct tendon injuries from inflammatory cytokines
and decreased healing potential after repeated microtrauma.

Regarding surgical complications, the main prognostic fac-
tors influencing outcomes are delayed diagnosis and timing
of surgery.67 In our study, most patients underwent surgery
early. Complications as re-rupture or inability to fully extend
the knee were not observed in our patients and only one
patient exhibited wound infection, fewer than that reported
by Ciriello et al.17

Severe hyperparathyroidism and HD are established risk
factors for hip fracture. Persistently high PTH levels have
catabolic effects and are associated with thinning cortical,
increased cortical porosity, and even endocortical “trabecular-
ization,”68-71 resulting in increased bone fragility. However,
in our study, high levels of PTH and inflammatory mark-
ers, which lead to an increased risk for tendon rupture, did
not exhibit a significant association with hip fracture after
adjustment. Parathyroidectomy remains the definitive therapy
for refractory SHPT; however, it was also not associated as a
significant protective factor against hip fracture, probably due
to late execution of this treatment in our study. In a previous
case series, fractures were not reported as a complication
among HD patients with severe SHPT and QTR, who under-
went tendon repair followed by parathyroidectomy (follow-
up of 3.46 ± 1.37 yr).61 However, there was a limitation in
this outcome due to the absence of controls (patients without
surgical treatment).

Tendon rupture was an independent risk for fracture. Of
note, patients lose their ambulatory capacity after tendon
rupture and require prolonged immobilization after surgery
until total recovery (4–6 wk). It has been established that
mechanical stimuli and motion with load are essential to bone
metabolism.72 Immobilization leads an imbalance between
bone formation and resorption, resulting in structural dete-
rioration and low bone density. Both the cortical and tra-
becular compartments are affected; however, the decrease of
cortical thickness appears to be more important in loss of
bone strength after nonuse. One study suggested that the
subendocortical layer can be transformed into trabecular bone
in response to immobilization and it would be associated with
risk for fracture,73 similar to severe SHPT.

The present study had some limitations. First, it was per-
formed in a referral hospital for orthopedic surgery and
parathyroidectomy, which would explain the high incidence
of tendon rupture. In addition, we evaluated a population
undergoing HD and with severe SHPT, known risk factors
for tendon rupture and hip fracture, so our results should not
be extrapolated to other populations. Furthermore, this study
was unable to determine whether parathyroidectomy could
prevent hip fracture, as patients underwent this surgery late.

To our knowledge, no study has addressed the occurrence
of fracture as an outcome of tendon rupture. Because the
probable cause of tendon rupture among our patients was
the increase in bone turnover due to hyperparathyroidism,
we assessed whether they would also have a higher risk for
developing fractures. We found that the incidence of hip
fracture was significantly higher among patients with tendon
rupture than in those without, despite the fact that all patients

had severe hyperparathyroidism, with a 2-fold increased risk.
It is noteworthy that immobilization, rehabilitation, and non-
deambulatory status after knee surgery could contribute to
decreased bone mass in a bone already affected by SHPT.

Conclusion

HD patients with hyperparathyroidism exhibiting high serum
levels of phosphorus, PTH, and inflammatory markers (CRP
and ferritin) or low levels of albumin were at greater risk for
tendon rupture. If diagnosed and treated early, complication
rates were low. Our results suggest that extensor mechanism
rupture in HD patient with SHPT should be considered as a
“red flag” for future hip fracture.
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