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Background: Calcaneal insufficiency fracture (IF) following total knee arthroplasty (TKA) is a rare disorder.
This study aimed to examine the prevalence and clinical findings of calcaneal IF following TKA.

Methods: We retrospectively reviewed 3,585 consecutive patients undergoing primary TKA between 2012
and 2017 in four hospitals. Calcaneal IF following TKA was diagnosed by plain radiography or magnetic
resonance imaging. First, we investigated the prevalence and clinical findings of calcaneal IF following
TKA. Second, we classified calcaneal IF into three types based on its location: type 1, fracture by traction
force around the Achilles tendon insertion; type 2, compression fracture around the posterior subtalar
joint; and type 3, fracture by ground reaction force at the bottom of the calcaneus. Finally, we compared
the clinical findings between calcaneal IF with and without TKA.

Results: Calcaneal IF following TKA was seen in 17 (0.5%) of the 3,585 patients undergoing primary TKA.
All patients were female, with a mean age of 76.5 + 5.9 years, relatively high body mass index (BMI),
and osteoporosis. All fractures achieved bone union with conservative treatment. Type 1 fractures were
the most common. Calcaneal IFs following TKA were significantly shorter in height and the patients had
higher BMI than those without TKA. The locations of calcaneal IF following TKA varied, while only type 1
calcaneal IFs were seen in cases without TKA. However, there were no significant differences with regard
to the bone union period or malunion between the two groups.

Conclusions: Calcaneal IF should be suspected in patients presenting with ipsilateral foot pain follow-
ing TKA, particularly in female patients with a relatively high BMI and osteoporosis. Calcaneal IF can be
classified into three types based on the fracture location. These variations in calcaneal IF may be due
to differences in conditions and changes in mechanical loading of the lower extremity and bone quality
following TKA.
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Introduction knee pain [2], or due to changes in the mechanical axis follow-

ing TKA after correction of knee deformities [3,4], mainly at the

Insufficiency fracture (IF) occurs during normal activity as a re-
sult of repetitive accumulation of mild stresses on abnormal bones
with decreased mineralisation [1]. IF differs from fatigue fracture,
which occurs in normal bone as a result of excessive loading, in
the category of stress fractures.

IF after ipsilateral total knee arthroplasty (TKA) can occur due
to increased weightbearing after postoperative improvement of
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femoral neck [4,5]. Calcaneal IF following TKA is a rare disorder,
with only five cases reported in the English literature to date,
including a previous case series [6,7]. Only limited information
is available regarding its prevalence, morphological abnormalities,
and clinical findings diagnosed via plain radiography or magnetic
resonance imaging (MRI).

This study was performed to (1) investigate the prevalence and
clinical findings of calcaneal IF following TKA in a multicentre
study, (2) present a classification of calcaneal IF based on plain
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Fig. 1. Type 1 calcaneal insufficiency fracture. (A) Lateral plain radiograph showing no fracture line. (B) Sagittal views on fat-suppression T2-weighted images. The fracture
line, i.e., the low-intensity line surrounded by bone marrow oedema, was irregular from the insertion of the Achilles tendon to the bottom, perpendicular to the posterior

calcaneal trabecular line.

radiography or MRI, and (3) compare clinical findings between cal-
caneal IF with and without TKA.

Patients and methods
Setting

This retrospective multicentre study was performed at four gen-
eral hospitals in Japan. The study protocol was approved by the
ethics committees, and patients provided written informed con-
sent.

Participants

All 3585 consecutive patients who underwent primary TKA at
the four participating hospitals between 2012 and 2017 were in-
cluded in the study. During the study period, patients with foot
or ankle pain after TKA were evaluated by plain radiography based
on clinical history and physical examination. In addition, they were
diagnosed via MRI when a diagnosis could not be confirmed, and
calcaneal IF was suspected. All plain radiographs and MRI data for
the diagnosis were re-evaluated by two orthopaedic surgeons.

Calcaneal IF was defined as a fracture occurring during normal
activity or physiological stress in day-to-day activities [1]. The day
of onset of foot pain was deemed to be the day of the fracture.
Patients with any trauma, including falls, malignancy, infection,
neurological deficit [8], such as Charcot foot [9], or prior calcaneal
fractures, were excluded. The treatment strategy was left to the
discretion of the attending physician. The patients were followed
up until healing of the calcaneal IF clinically and radiologically.

We reviewed medical records to assess demographic data, in-
cluding age, sex, height, weight, body mass index (BMI), and dual-
energy X-ray absorptiometry T-score values at the total hip and
lumbar spine. Clinical data on the knee that was scheduled for
TKA were noted on diagnosis of the knee, including preoperative
and postoperative range of motion (ROM), knee scoring system of
the Japan Orthopaedic Association (JOA) [10], and hip-knee-ankle
angle. The JOA knee score comprised pain during walking, pain
while ascending and descending the stairs, ROM, and joint effu-
sion, which are rated with maximum scores of 30, 25, 35, and
10 points, respectively. A positive hip-knee-ankle angle represented
the varus alignment of the knee. In addition, ipsilateral ankle os-
teoarthritis was evaluated with standing full-length radiographs of
the lower limb. Clinical data on calcaneal IFs regarding the period

from the onset of foot pain to diagnosis, fracture location at the
calcaneus bone, and the period of bone union were noted. Medi-
cal records and follow-up radiographs were reviewed to evaluate
bone union. Bone union was defined by pain-free gait or sclerosis
on radiographs.

Classification of calcaneal insufficiency fractures

Calcaneal IFs were classified into three types based on the lo-
cation of the fracture in the calcaneus, determined on lateral plain
radiograph or in the sagittal plane on MRI (Figs. 1-3): type 1, frac-
tures by traction force around the Achilles tendon insertion, and
with a fracture line perpendicular to the posterior calcaneal tra-
becular line; type 2, compression fractures around the posterior
subtalar joint, and with a fracture line parallel to the posterior sub-
talar joint line; and type 3, fractures due to ground reaction force
at the bottom of the calcaneus, mainly the anterior lip of the cal-
caneal tubercle, which is the insertion of the plantar aponeurosis
and flexor brevis muscles. In addition, calcaneal IFs without TKA
during the same period at the four hospitals were reviewed, and
their clinical data were compared with those of calcaneal IFs with
TKA.

Statistical analysis

Data are expressed as the mean and standard deviation. The
Student t-test was used for continuous numeric data. The chi-
square or Fisher exact test was used to analyse categorical vari-
ables, as appropriate. All tests were two-sided, and P < 0.05 was
considered significant. All statistical analyses were performed us-
ing EZR (Saitama Medical Center, Jichi Medical University, Saitama,
Japan).

Results

Prevalence and clinical findings of calcaneal insufficiency fractures
following total knee arthroplasty

Calcaneal IF following TKA was noted in 17 (0.5%) of the 3585
patients who underwent primary TKA at the four participating
hospitals over the 6-year study period. The prevalence rates (cal-
caneal IF following TKA/primary TKA cases) were 5/341 (1.5%),
5/1,858 (0.3%), 1/561 (0.2%), and 6/825 (0.7%) at the four hospitals,
respectively.
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Fig. 2. Type 2 calcaneal insufficiency fracture. (A) Lateral plain radiograph showing no fracture line. (B) Sagittal T1-weighted image showing the fracture line, which was

parallel to the posterior subtalar joint line.

Fig. 3. Type 3 calcaneal insufficiency fracture. (A) Lateral and (B) axial plain radiographs showing a subtle irregular sclerotic line around the calcaneal tuberosity. (C) Sagittal
and (D) axial fat-suppression T2-weighted images showing diffuse bone marrow oedema.

The baseline characteristics and clinical outcomes of calcaneal
IF following TKA are summarised in Table 1. All patients were fe-
male, with a mean age of 76.5 + 5.9 years, and had a relatively
high BMI and osteoporosis. The diagnosis in all cases scheduled
for primary TKA was osteoarthritis. There were no cases of ankle
osteoarthritis before the TKA procedure. All patients showed im-

provements in knee ROM and the JOA knee score following cor-
rection of varus knee alignment after TKA. IF was not detected on
plain radiographs, but was detected by MRI in eight (47%) of the
17 patients. Only one IF occurred on the contralateral side, while
the others occurred on the same side as the knee undergoing TKA.
All fractures achieved bone union with conservative treatment,
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Table 1

Baseline characteristics and clinical findings of calcaneal insufficiency fractures following TKA according to fracture location classification

All patients (n = 17)

Type 1: Achilles tendon
insertion (n = 12)

Type 2: Posterior
subtalar joint (n = 4)

Type 3: Bottom (n = 2)

Age (years) 76.5 £ 5.9
Sex (female/male) 17/0
Height (cm) 1440 £ 6.3
BMI (kg/m?) 243 £+ 2.8
T-score at total hip -2.8+09
T-score at lumbar spine -20+14
Preoperative HKA angle (degrees) 18.2 £ 6.7
Postoperative HKA angle (degrees) 1.5+ 21

Preoperative knee extension/flexion (degrees)
Postoperative knee extension/flexion (degrees)

-14 £ 11/ 124 £ 23
-4 +6/129 + 16

Preoperative JOA 544 + 13.6
Postoperative JOA 81.6 +£ 3.9
Duration from TKA operation to fracture (weeks) 115 £ 99
Duration from onset of fracture to diagnosis (weeks) 14 £ 15
Definitive diagnosis with MRI 8 (47)

Bone union (weeks) 57 +£24
Malunion 2 (12)

76.2 + 6.1 77.3 £59 74.0 + 8.5

12/0 4/0 2/0

1443 £ 5.2 1465 + 6.6 138.8 + 11.6
243 + 32 24.0 + 2.2 253 + 1.5
~2.7+09 ~31+08 —2.5+

19+ 14 23+17 1.1

183+ 75 15.5 + 6.6 18.0 £ 5.7

1.8 +23 0 1.0°

2412/ 124 21 14 + 9/128 + 16 5+ 7/113 £ 53
4+ 6126 + 19 ~1+3/133+10 3 +4/135+0
54.8 + 16.9 55.0 + 4.1 55+

79.9 + 2.7 85.0 + 4.1 80

126 £ 11.5 73 £ 1.0 115 + 6.4
16+ 1.7 13 + 05 0.5 + 0.7

5 (42) 2 (50) 1 (50)

59 + 25 9.0 + 1.4 3.5+ 0.7

2 (17) 0 (0) 0 (0)

Values are presented as means + SD or as count (%). * SD was not available due to missing data. One case with multiple fractures (a type 1 fracture that occurred after

bone union of a type 2 fracture) was included in type 1 and type 2.
HKA = hip-knee-ankle; JOA = Japan Orthopaedic Association.

Fig. 4. Multiple calcaneal insufficiency fractures. (A) Lateral and (B) axial plain radiographs. A type 1 fracture with a radio-opaque irregular line occurred after bone union

of the type 2 fracture with a sclerotic line.

including activity restriction, use of a heel-pad insert, or protected
weightbearing for a short period of time.

Classification of calcaneal insufficiency fractures

The baseline characteristics and clinical outcomes of calcaneal
IF are summarised in Table 1. Type 1 was the most common type
of calcaneal IF following TKA (12 cases of type 1 vs. four cases of
type 2 and two cases of type 3). Multiple fractures at the same cal-
caneus (type 1 fracture occurring soon after bone union of a type
2 fracture) occurred in only one case (Fig. 4). The period from TKA
operation to fracture was shorter for type 2 IF than for the other
types (7.3 + 1.0 weeks for type 2 vs. 12.6 + 11.5 weeks for type
1 and 11.5 £+ 6.4 weeks for type 3). The bone union period was
shorter for type 3 IF than for the other types (3.5 + 0.7 weeks for
type 3 vs. 5.9 & 2.5 weeks for type 1 and 9.0 + 1.4 weeks for type
2). Malunion after conservative treatment occurred only in cases of
type 1 IF.

Comparison of calcaneal insufficiency fractures with and without
total knee arthroplasty

The results of the comparison of calcaneal IF with and without
TKA are summarised in Table 2. Calcaneal IF without TKA occurred
in 10 cases at the four hospitals during the study period, and all of
these fractures achieved bone union with conservative treatment.
The prevalence of calcaneal IF following TKA was higher than that
of calcaneal IF without TKA (17 cases vs. 10 cases, respectively).

Patients with calcaneal IF following TKA had a significantly
shorter height (144.0 + 6.3 vs. 151.8 + 13.0, P = 0.04) and higher
BMI (243 + 2.8 vs. 21.1 £ 2.5, P = 0.006) than those without
TKA. With regard to fracture type, the location of calcaneal IF fol-
lowing TKA varied, while only type 1 fractures were seen in pa-
tients without TKA. However, there were no significant differences
in bone union period and incidence of malunion between cases of
calcaneal IF with and without TKA.
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Table 2
Comparison of calcaneal insufficiency fractures with and without TKA

Calcaneal insufficiency fractures following TKA (n = 17)  Calcaneal insufficiency fractures without TKA (n = 10)  P-value
Age (years) 76.5 £ 5.9 79.1 + 141 0.51
Gender (female/male) 17/0 8/2 0.12
Height (cm) 144.0 £ 6.3 151.8 £ 13.0 0.04
BMI (kg/m?) 243 £+ 2.8 21.1 £ 25 0.006
T-score at femoral neck -28 +09 -3.4 + 0.7 0.16
T-score at lumbar spine -20+14 -294+16 0.21
Period from onset of fracture to diagnosis
(weeks) 14 £ 15 22 +29 0.36
Detected with MRI (%) 8 (47) 7 (70) 0.25
Fracture type Type 1: 12, type 2: 4, type 3: 2 Type 1: 10 0.12
Bone union (weeks) 57 +£24 5.0+ 24 0.53
Malunion 2 1 0.89

Values are presented as means + SD or as count (%). One case with multiple calcaneal insufficiency fractures following TKA (a type 1 fracture that occurred after bone union

of a type 2 fracture) was included in type 1 and type 2.

Discussion

Our study is the largest retrospective case series of calcaneal IF
following TKA diagnosed by plain radiography or MRI; calcaneal IF
was detected in 17 of 3,585 patients undergoing primary TKA, rep-
resenting a prevalence rate of 0.5%. Patients with calcaneal IF fol-
lowing TKA had a high BMI and osteoporosis. These patients were
significantly shorter and had a significantly higher BMI than cal-
caneal IF patients without TKA. However, there were no significant
differences in bone union period or incidence of malunion between
the two groups.

Prevalence

With a growing geriatric population and increasing rates of TKA
procedures, the incidence of calcaneal IF will rise with the im-
proved recognition of the possibility of such fractures. Calcaneal
IF can be easily overlooked due to its similarity to plantar fasciitis,
Baxter nerve entrapment, insertional Achilles tendonitis, atrophic
heel pad, and retrocalcaneal bursitis [11].

Prevalence rates varied between prefectures in this study. Sim-
ilarly, there are also regional differences in the incidence of hip
fracture in Japan [12]. This may explain some of the regional dif-
ferences in nutrient intake levels [12], osteoporosis management,
and living environment, even in a single country (i.e. Japan).

Pathogenesis

The causes of this rare complication are multifactorial, and in-
clude osteoporosis, changes in knee alignment, and increased ac-
tivity after TKA [9,13].

Osteoporosis and rheumatoid arthritis are the most common
underlying conditions in patients with IF of the foot and ankle [14].
Osteoporosis includes both generalised osteoporosis and disuse fo-
cal osteoporosis. Brief periods of non-weightbearing lead to signif-
icant bone loss affecting the trabecular and cortical regions of the
tibia after hip joint surgery [15]. This previous study also showed
that a period of 1-1.5 years was required for the baseline bone
mineral density (BMD) to recover. These findings are particularly
relevant to the calcaneus before TKA because patients with knee
osteoarthritis are relatively immobile and lose the beneficial effects
of weightbearing on BMD. Increase in activity after TKA may re-
sult in an improvement of bone quality at the calcaneus equivalent
to that of age-matched normal controls [16]. However, calcaneal IF
occurred at about 3 months postoperatively in the present study,
suggesting that increased weight loading and altered biomechani-
cal forces exceeded the threshold level of calcaneal bone resistance
over time, and contributed to the development of IF.

The ankle-subtalar joint in patients with knee osteoarthritis sig-
nificantly reduces anterior and posterior ankle displacement, and
inversion/eversion rotation [13]. TKA restores knee alignment in
the coronal, sagittal, and axial planes. Hindfoot alignment has been
shown to adapt to knee alignment within the range of compensa-
tion ability [17]. However, the compensation ability is lost in cases
of hindfoot varus deformity before TKA [18]. Improvements in knee
pain, ROM, and alignment affect the gait pattern, with a change
from the forefoot strike gait to the heel strike gait. In addition,
the changes in direction and strength on mechanical loading are
likely to correspond to the fracture pattern. In this study, calcaneal
IF following TKA occurred in various locations, although all knees
undergoing TKA had varus deformity, while only type 1 fractures
were noted in cases without TKA.

Diagnosis

It is important to perform a physical examination and under-
stand the condition of the ankle and foot before TKA as well as the
condition of the knee. Standard radiographs of the calcaneus usu-
ally cannot detect IF in the early phase [19]. Therefore, the attend-
ing physician should request appropriate radiological investigation,
and if this is not clear, MRI should be performed to promptly di-
agnose these fractures [20]. MRI may be useful for detecting cal-
caneal stress fractures, as only 15% of radiographs show evidence
of fracture [21]. In this study, 15 (56%) of 27 calcaneal IFs required
MRI for detection, while MRI was required to detect six (86%) of
seven calcaneal IFs in a previous report [20]. A delay in the di-
agnosis of calcaneal IF would limit gait due to the deformity of
the calcaneus arising from fracture displacement and late compli-
cation of compartment syndrome [8], although these are low-risk
fractures [22,23].

Classification

No calcaneal IF classification focusing on fracture location has
been reported previously. We reviewed the pertinent literature
regarding calcaneal IF, with a focus on fracture location in this
study. There have been some reviews regarding calcaneal IF cases
in which the diagnosis was clearly described and radiological im-
ages were reported (Table 3) [3,8,9,20,24-30]. The classification
into three groups used in this study was shown to be comprehen-
sive through a literature review. However, the anterior part of the
calcaneus was not involved in IFs, although 26% of stress calcaneal
fractures are located in this region [9].

One patient had two IFs of the same calcaneus in this study.
It is notably rare for a second IF to occur in a different location
on the same side after the healing of the first calcaneal IF. To our
knowledge, this is only the second report in the literature of such
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Table 3

Brief summary of calcaneal insufficiency fractures with literature review

Age (years), Height BMI

Bone union

Definitive diagnosis Treatment

Fracture location

(kg/m?) Medical information

(cm)

gender

Authors

NA
NA

Conservative treatment

MRI

Type 1, 2

RA, OP

NA
RA

NA

NA
NA

72, F

Ha et al. [26]

Conservative treatment

Plain radiograph

MRI

Type 2, talus

78, F

Spina et al. [30]
Ito et al. [28]

8 weeks

Conservative treatment

Right: Type 2
Left: Type 1, 2

Type 2

1494 220

65, F

8 weeks

Conservative treatment

MRI

18.7 oP

NA

148
NA

78, F

Ito et al. [28]
Lui et al. [8]

NA (malunion with

Conservative treatment

Plain radiograph

Neurological disorder due to cauda equine impingement Type 1

75, F

claw toe deformity)

2 months

Conservative treatment

Plain radiograph
Plain radiograph

Type 1, 2

OP, ipsilateral heel pain three months later after TKA

9.4

1

153
NA

80, F

Jeong et al. [4]

6 months

Open reduction and internal fixation

Type 1

Charcot joint due to syphilis, ipsilateral heel pain four

73, M 19.6
weeks later after TKA

Takai et al. [9]

N. Yamamoto, S. Tsukada and J. Kawai et al./Injury 50 (2019) 2339-2345

NA

ve treatment
ve treatment
ve treatment
ve treatment
ve treatment

6 weeks
NA

3 months
8 weeks

Conservat
Conservat
Conservat
Conservat
Conservat

6 months

Cement calcaneoplasty

Type 1

Classic polyarthritis nodosa, OP, Vertebral fracture
OP, Diamond-Blackfan anemia
oP

NA

NA
NA

69, F

Alonso et al. [20]

Type 1 bilaterally MR

Type 1

26, F NA

Charles et al. [24]

Arni et al. [3]

NA
NA
22.6

NA

NA
NA
NA
NA

83, F

Type 2

Osteomalacia, Celiac disease

Non RA, non OP

RA, OP

33, F

Kose et al. [19]

Type 2 bilaterally MR

Type 1, 2

44, F

Imerci et al. [27]

Godavitarne et al. [25] 82, M

male; NA = not available; RA = rheumatoid arthritis; OP = osteoporosis; TKA = total knee arthroplasty.

*F = female; M

a case [31], although there have been reports of two calcaneal IFs
occurring at the same time [4,28].

Treatment

In most cases, calcaneal IF has a good prognosis with conser-
vative treatment [20]. A literature review regarding conservative
treatment indicated that most authors selected therapeutic reg-
imens that limited activity or protected the heel from weight-
bearing activity [31]. In this study, all fractures achieved bone
union with conservative treatment, while care was required for
type 1 fractures to avoid fracture displacement. It is important to
promptly diagnose and recognise such fractures. In addition, we
recommend the assessment of osteoporosis and obesity before TKA
to prevent calcaneal IF.

This study had several limitations. First, the number of cal-
caneal IFs in this study was small, and therefore our study was
not sufficiently powered to detect differences in factors among the
groups. However, our study represents the largest reported case
series of calcaneal IF following TKA to date. In addition, coexisting
factors other than the factors evaluated in this study may affect
calcaneal IF because it has multiple causes rather than a single
aetiology. Second, there was also a lack of consistency in clinical
management due to the retrospective nature of the study, and the
different hospitals had various management protocols. However,
the involvement of many surgeons suggests that these results are
generalisable to the orthopaedic community. Third, there were
some missing data, and no medical records and assessments
focused on the ankle and foot before TKA. We may underestimate
the number of the calcaneal IF cases due to underdiagnosis. De-
spite these limitations, this study provided important information
for the clinical management of calcaneal IF.

Conclusions

It is important to suspect calcaneal IF in patients presenting
with ipsilateral foot pain following TKA, particularly in patients
with relatively high BMI and osteoporosis. Calcaneal IF can be clas-
sified into three types based on the fracture location. These varia-
tions in calcaneal IF following TKA may be due to differences in
conditions and changes following TKA on mechanical loading of
the lower extremity and bone quality.

Funding

No funds were received in support of this work. No relevant
financial activities outside the submitted work. Informed consent
was obtained from the patient for the publication of this study.

Acknowledgments

We thank Dr. Kenjiro Nosaka for allowing us to refer to the clas-
sification for calcaneal stress fractures.

References

[1] Pentecost RL, Murray RA, Brindley HH. Fatigue, insufficiency, and pathologic
fractures. JAMA 1964;187:1001-4.

Cakmak S, Mahirogullar1 M, Kirklii M, Yildiz C. Bilateral femoral neck stress
fracture following bilateral total knee arthroplasty: a case report. Acta Orthop
Traumatol Turc 2012;46:312-15.

Arni D, Lambert V, Delmi M, Bianchi S. Insuffciency fracture of the calcaneum:
sonographic findings. ] Clin Ultrasound 2009;37:424-7.

Jeong M, Jin JW, Shin SJ, Kang BY. Calcaneal insufficiency fracture after ipsilat-
eral total knee arthroplasty. ] Bone Metab 2016;23:45-8.

Joshi N, Pidemunt G, Carrera L, Navarro-Quilis A. Stress fracture of the
femoral neck as a complication of total knee arthroplasty. ] Arthroplasty
2005;20:392-5.

2

3

[4

(5


http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0001
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0001
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0001
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0001
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0002
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0002
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0002
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0002
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0002
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0003
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0003
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0003
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0003
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0003
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0004
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0004
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0004
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0004
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0004
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0005
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0005
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0005
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0005
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0005

N. Yamamoto, S. Tsukada and ]. Kawai et al./Injury 50 (2019) 2339-2345 2345

[6] Miki T, Miki T, Nishiyama A. Calcaneal stress fracture: an adverse event fol-
lowing total hip and total knee arthroplasty: a report of five cases. ] Bone Joint
Surg Am 2014;96:e9.

[7] Rawes ML, Patsalis T, Gregg PJ. Subcapital stress fractures of the hip compli-
cating total knee replacement. Injury 1995;26:421-3.

[8] Lui TH. Insufficiency fracture of the body of the calcaneus. Foot 2013;23:93-5.

[9] Takai H, Kiyota K, Nakane N, Takahashi T. Charcot fracture in the calcaneus
after total knee arthroplasty: a case report. ] Orthop Case Rep 2016;6:92-5.

[10] Okuda M, Omokawa S, Okahashi K, Akahane M, Tanaka Y. Validity and relia-
bility of the Japanese Orthopaedic Association score for osteoarthritic knees. ]
Orthop Sci 2012;17:750-6.

[11] Gehrmann RM, Renard RL. Current concepts review: stress fractures of the foot.
Foot Ankle Int 2006;27:750-7.

[12] Orimo H, Yaegashi Y, Hosoi T, Fukushima Y, Onoda T, Hashimoto T, et al. Hip
fracture incidence in Japan: estimates of new patients in 2012 and 25-year
trends. Osteoporos Int 2016;27:1777-84.

[13] Hubbard TJ, Hicks-Little C, Cordova M. Changes in ankle mechanical stability
in those with knee osteoarthritis. Arch Phys Med Rehabil 2010;91:73-7.

[14] Peris P. Stress fractures in rheumatological practice: clinical significance and
localizations. Rheumatol Int 2002;22:77-9.

[15] Ito M, Matsumoto T, Enomoto H, Tsurusaki K, Hayashi K. Effect of nonweight
bearing on tibial bone density measured by QCT in patients with hip surgery.
] Bone Miner Metab 1999;17:45-50.

[16] Ishii Y, Matsuda Y, Ishii R, Sakata S, Ichimura K. Effect of total knee arthro-
plasty on patients’ bone quality-ultrasound measurement of the calcaneus.
Knee 2004;11:293-5.

[17] Chandler JT, Moskal JT. Evaluation of knee and hindfoot alignment be-
fore and after total knee arthroplasty: a prospective analysis. ] Arthroplasty
2004;19:211-16.

[18] Takenaka T, Ikoma K, Ohashi S, Arai Y, Hara Y, Ueshima K, et al. Hindfoot align-
ment at one year after total knee arthroplasty. Knee Surg Sports Traumatol
Arthrosc 2016;24:2442-6.

[19] Soubrier M, Dubost ], Boisgard S, Sauvezie B, Gaillard P, Michel ]JL, et al. Insuf-
ficiency fracture. A survey of 60 cases and review of the literature. Joint Bone
Spine 2003;70:209-18.

[20] Alonso-Bartolome P, Blanco R, Canga A, Martinez-Taboada VM. Insufficiency
fractures of the calcaneus: a diagnostic pitfall for ankle arthritis. ] Rheumatol
2006;33:1140-2.

[21] Sormaala MJ, Niva MH, Kiuru M]J, Mattila VM, Pihlajamdki HK. Stress injuries of
the calcaneus detected with magnetic resonance imaging in military recruits. ]
Bone Joint Surg Am 2006;88:2237-42.

[22] Fredericson M, Jennings F, Beaulieu C, Matheson GO. Stress fractures in ath-
letes. Top Magn Reson Imaging 2006;17:309-25.

[23] Mandell JC, Khurana B, Smith SE. Stress fractures of the foot and ankle, part 2:
site-specific etiology, imaging, and treatment, and differential diagnosis. Skele-
tal Radiol 2017;46:1165-86.

[24] Charles LT, Mehdi AM, Baker D, Edwards MR. Bilateral heel pain in a patient
with Diamond-Blackfan anaemia. Foot 2015;25:110-13.

[25] Godavitarne C, Fawzy E, Giancola G, Louette L. Cement calcaneoplasty: an in-
novative method for treating nonunion in calcaneal insufficiency fracture. ]
Foot Ankle Surg 2016;55:1097-9.

[26] Ha Y], Lee SW, Lee SK, Park YB. Clinical images: osteoporotic calcaneal stress
fractures mistaken for aggravation of rheumatoid arthritis. Arthritis Rheum
2013;65:2983.

[27] Imerci A, Incesu M, Bozoglan M, Canbek U, Ursavas HT. Bilateral calcaneal
stress fractures: a case report. Ortop Traumatol Rehabil 2012;14:477-81.

[28] Ito K, Hori K, Terashima Y, Sekine M, Kura H. Insufficiency fracture of the body
of the calcaneus in elderly patients with osteoporosis: a report of two cases.
Clin Orthop Relat Res 2004;422:190-4.

[29] Kose O, Kilicaslan OF, Ozyurek S, Ince A. Calcaneal insufficiency fracture sec-
ondary to celiac disease-induced osteomalacia: a rare cause of heel pain. Foot
Ankle Spec 2016;9:179-83.

[30] Spina A, Clemente A, Vancini C, Fejzo M, Campioni P. Spontaneous talar and
calcaneal fracture in rheumatoid arthritis: a case report. ] Radiol Case Rep
2011;5:15-23.

[31] Imamura H, Mochizuki T, Kawakami K, Momohara K. Ideal timing of starting
weight-bearing after calcaneal insufficiency fracture: a case report and review
of the literature. Arch Trauma Res 2017;6:e33986.


http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0006
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0006
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0006
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0006
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0007
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0007
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0007
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0007
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0008
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0008
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0009
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0009
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0009
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0009
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0009
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0010
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0010
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0010
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0010
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0010
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0010
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0011
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0011
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0011
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0012
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0012
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0012
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0012
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0012
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0012
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0012
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0012
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0013
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0013
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0013
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0013
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0014
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0014
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0015
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0015
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0015
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0015
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0015
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0015
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0016
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0016
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0016
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0016
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0016
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0016
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0017
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0017
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0017
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0018
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0018
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0018
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0018
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0018
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0018
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0018
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0018
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0019
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0019
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0019
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0019
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0019
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0019
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0019
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0019
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0020
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0020
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0020
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0020
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0020
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0021
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0021
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0021
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0021
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0021
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0021
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0022
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0022
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0022
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0022
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0022
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0023
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0023
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0023
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0023
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0024
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0024
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0024
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0024
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0024
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0025
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0025
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0025
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0025
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0025
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0026
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0026
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0026
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0026
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0026
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0027
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0027
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0027
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0027
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0027
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0027
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0028
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0028
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0028
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0028
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0028
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0028
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0029
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0029
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0029
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0029
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0029
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0030
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0030
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0030
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0030
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0030
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0030
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0031
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0031
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0031
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0031
http://refhub.elsevier.com/S0020-1383(19)30598-4/sbref0031

	Calcaneal insufficiency fractures following total knee arthroplasty: Classification and clinical findings
	Introduction
	Patients and methods
	Setting
	Participants
	Classification of calcaneal insufficiency fractures
	Statistical analysis

	Results
	Prevalence and clinical findings of calcaneal insufficiency fractures following total knee arthroplasty
	Classification of calcaneal insufficiency fractures
	Comparison of calcaneal insufficiency fractures with and without total knee arthroplasty

	Discussion
	Prevalence
	Pathogenesis
	Diagnosis
	Classification
	Treatment

	Conclusions
	Funding
	Acknowledgments
	References


