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Abstract

Atypical slipped capital femoral epiphyseal (SCFE) is associated with endocrine or metabolic disorders and radiation
therapy. In this review, we use case examples of hyperparathyroidism, hypothyroidism, and growth hormone
deficiency, as well as renal osteodystrophy, radiation-induced, and valgus SCFE to inform the nuances of these unusual
cases. From this, we learn that routine laboratory screening of “typical” patients with SCFE is not cost-effective.
Patients with atypical SCFE are often short in stature, underweight, and present either older or younger than the typical
age range of idiopathic SCFE. Patients fitting these criteria should undergo an endocrine workup. While uncommon,
prompt recognition of atypical SCFE is crucial, as coordinated care with pediatric subspecialists is necessary. In situ
fixation with cannulated screws is the most common fixation method, and bilateral fixation is recommended.

Key Concepts
+ Patients younger than 10 or older than 16 years of age and patients with height, weight, or BMI below the 50"
percentile should undergo laboratory screening for atypical SCFE.

o Patients presenting with a valgus slip should undergo screening labs for atypical SCFE.

» Patients presenting with a unilateral SCFE with underlying endocrinopathy, metabolic disorder, or when associated
with radiation therapy should undergo bilateral fixation.

Introduction

Slipped capital femoral epiphysis (SCFE) can be or radiation therapy.'-3 The true incidence of atypical
categorized as either typical or atypical. Atypical SCFEs SCFE has been reported in the range of 3%-41%, with
are associated with endocrine and metabolic disorders most studies reporting the rate to be under 10%.%4-¢
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In a review of available literature in 2001, Loder et al.
found the average age at idiopathic SCFE diagnosis 12.8
years old. It was 15.3 years old for endocrinopathies,
11.4 years old for renal failure, and 10.5 years old for
radiation therapy-associated SCFE. The distribution was
wider in the atypical subgroups. Atypical SCFEs tend

to present with a delayed bone age. In one descriptive
study, the average bone age at presentation for atypical
SCFEs was 11.6 years (average chronologic age 13.1
years) compared to a bone age of 13.1 years (average
chronologic age 12 years) for typical SCFEs.°

Atypical SCFEs also have a higher proportion of
bilateral involvement. The renal failure subgroup had
the highest frequency of bilaterality (90%), followed

by the endocrinopathies (61%), idiopathic (35%),

and it was lowest in the radiation therapy-associated
subgroup (28%). A simultaneous bilateral presentation
was most common in the renal failure subgroup (96%)
while sequential development was most frequent in the
idiopathic group (49%).” Renal failure-associated SCFEs
were also more likely to present with a severe slip (40%)
compared to idiopathic slips (55%), while radiation-
associated SCFEs were more likely to present with a
mild slip (81%) compared to idiopathic slips (55%).”
There is no significant difference in severity between
endocrine-associated SCFEs and idiopathic SCFEs,

or stability or chronicity between typical and atypical
SCFEs.%’

Multiple factors, both biomechanical and biochemical,
are thought to contribute to the failure of the physis
through the hypertrophic zone in SCFE. As children
approach puberty, the physis becomes more oblique in
orientation and less able to withstand shear forces with
increased stress. Idiopathic SCFE can be thought of as
slip due to abnormally increased force, for example, from
obesity through a physiologic normal physis. Valgus
SCFEs are another rare SCFE variant. The prevalence
has been reported around 4% (ranging between 1.9%-
9.6%).> Valgus SCFEs present on average 2 years earlier
than typical SCFEs. Multiple studies have reported a
female predominance for this condition, ranging from
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50%-58.3%, which has been attributed to greater femoral
anteversion in females.*>%° An atypical SCFE can be
conceptualized as a structurally weakened physis that can
fail at physiologic loads.'® SCFE may be the first sign

or symptom of an underlying pathology. In this review,
we will discuss the presentation of different patients of
atypical SCFEs and develop an algorithmic workup and
management for an atypical SCFE.

Primary Endocrine Disorders Leading to
SCFE

Hypothyroidism

Hypothyroidism is the most common endocrinopathy
associated with SCFE.":!! Patients often present with
SCFE prior to hypothyroid diagnosis or treatment.!
T3 and T4 hormone receptors are found in physeal
chondrocytes and play a role in their maturation.'!-!?
There is a reduction in the expression of aggrecan

and type X collagen, leading to disorganization of the
physeal architecture and loss of columnar orientation
of the chondrocytes, particularly in the zone of
hypertrophy.*!? Clinical symptoms of hypothyroidism
include bradycardia, fatigue, lethargy, cold intolerance,
constipation, weight gain or inability to lose weight,
dry skin, hair loss, memory impairment, and short
stature.!:1415 This highlights the importance of ruling
out an underlying endocrinopathy, even in the obese
patient. Chronic hypothyroidism can also inhibit skeletal
maturation and patients can present with a delayed
bone age. Many patients with hypothyroid-associated
SCFE present prior to age 10, but there are a number

of reported cases in older patients as well.!l1417 Like
other endocrinopathy-associated SCFEs, these patients
often present with bilateral slips.'® When a child with
Down Syndrome presents with a SCFE, it is important
to check thyroid levels due to the association of these
disorders. Pinning of both hips in these cases is advised
due to the high chance of contralateral slip and the
patient’s questionable ability to articulate symptoms of a
subsequent slip.

Uncontrolled hypothyroidism can depress cardiac
function, reduce normal responses to hypercarbia
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and hypoxemia, and in extreme cases, decrease lung
perfusion capacity.!! There are even case reports of
cardiac arrest upon induction of anesthesia in severe
uncontrolled hypothyroidism.'8 It is thus critical to
evaluate preoperatively in the appropriate clinical
scenario (as outlined previously) and if present, severe
hypothyroidism should be corrected prior to surgery.

Growth Hormone Deficiency/Supplementation
Patients with growth hormone deficiency and SCFE
generally present under 10 years old during or after
hormone supplementation.! The incidence of SCFE in
patients taking recombinant growth hormone is more
than double that of the general population.!” Growth
hormone may make the physis more susceptible to shear
forces.?’ Animal models have indicated that growth
hormone stimulates chondrocytes and proliferation in
the hypertrophic zone potentially predisposing these
patients to SCFE.?! The clinical manifestations of
growth hormone deficiency include slow growth, short
stature (<5 percentile), delayed puberty/development
of secondary sexual characteristics, and headaches.
Patients with conditions that lead to a deficiency in
growth hormone, such as Klinefelter syndrome, may also
be predisposed to SCFE.?? It is important to note, taking
recombinant growth hormone (rGH) itself does not
increase the risk of SCFE.?? Patients on rGH for growth
hormone deficiency had a 10 times higher incidence of
SCFE than those on rGH for idiopathic short stature.
The average time to develop SCFE after initiating

rGH therapy is 10 months.?* It is important to have a
high index of suspicion for SCFE in patients taking
recombinant growth hormone presenting with hip pain.

Case One

A 13-year-old male presented with a year of worsening
hip pain that was limiting his ability to ambulate. He
was in the 79th percentile for height, the 27th percentile
for weight, and the 4™ percentile for BMI. Radiographs
demonstrated moderate chronic bilateral SCFE

(Figure 1A, B). Laboratory screening was performed
which revealed an elevated parathyroid hormone (PTH)
level of 2403 PG/ML (normal: 10-65 PG/ML), mild
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hypocalcemia of 8.3 MG/DL (normal: 8.6-11 MG/DL),
hyperphosphatemia of 6.4 MG/DL (normal:

3.6-5.6 MG/DL), and severe vitamin D-25 deficiency of
< 6 NG/ML (normal: 20-50 NG/ML). He was diagnosed
with hyperparathyroidism secondary to low vitamin D.
He underwent bilateral in situ percutaneous fixation
(Figure 1C, D), and he was started on supplemental
vitamin D.

Hyperparathyroidism

PTH blocks normal endochondral ossification and disrupts
the interdigitation that occurs between the metaphyseal
bone and the physis through osteoclastic absorption,
decreasing restraint to displacement, and predisposing

a patient to SCFE.!%1225:26 Clinical manifestations of
hyperparathyroidism include decreased bone density,
fatigue, anxiety, depression, cognitive dysfunction,
constipation, hypercalciuria, nephrolithiasis, and decreased
creatinine clearance (painful bones, stones, abdominal
groans, and psychic moans). The most common laboratory
findings are elevated PTH and hypercalcemia.?’ Low
levels of vitamin D may also be seen.?® These changes can
manifest on radiographs or MRI as an abnormal widening
or irregularity of the physis.!# Late manifestations can

also include osteitis fibrosa cystica/brown tumors.?® The
most common etiology of primary hyperparathyroidism is

parathyroid adenoma.?®

It is particularly important for urgent endocrinology
consultation in these patients as profound hypercalcemia
can be life-threatening, with cardiac and neurologic
manifestations. Correction of severe lab abnormalities
should take precedence over surgery. In the case of a
parathyroid adenoma, general surgery consultation is
likely required, as these are often surgically removed.
The timing of orthopaedic surgical intervention depends
on the severity of laboratory abnormality and should
involve multidisciplinary clearance.?’ Less than 20 cases
of primary hyperparathyroidism have been reported

in the literature, with a majority of them presenting

with bilateral SCFE.?%3031 For the cases presenting as
unilateral SCFE, bilateral fixation is advocated given the

risk of contralateral slip progression.?0-2

WWW.jposna.org


http://www.jposna.org

OURNAL OF BN

POSNA

Volume 5, Number 3, August 2023

Figure 1. AP and frog leg lateral radiographs demonstrating bilateral SCFEs with physeal
widening in the proximal femur and the greater trochanter as well as femoral neck sclerosis in
a 13-year-old male with hyperparathyroidism pre (A-B) and post (C-D) in situ percutaneous
fixation. (Images courtesy of Mihir M. Thacker, MD, Nemours Children's Hospital, Delaware).

A somewhat paradoxically named condition,
pseudohypoparathyroidism, occurs when despite
increased levels of PTH, target organ resistance to
PTH results in hypocalcemia, hyperphosphatemia,
thus, mimicking the clinical presentation of
hypoparathyroidism.?® Pseudohypoparathyroidism-
related SCFE is exceedingly rare, with only a few
cases reported in the literature and all presenting
with bilateral SCFE.!433-34 Radiographic features of
pseudohypoparathyroidism have been described as
similar to those of hyperparathyroidism detailed above.!'4

Other Primary Endocrinopathies

Most endocrinopathy-related SCFEs, aside from
growth hormone deficiency and some hypothyroidism,
generally present when the patient is over 16 years old.!

Copyright © 2023 JPOSNA®

Other endocrinopathies associated with SCFE include
panhypopituitarism and hypogonadism.'-> There are

only a few case reports of panhypopituitarism-associated
SCFE in the literature, with some patients presenting as
late teens (16-17 years o0ld)*>3¢ and others presenting as
adults in the third or fourth decade of life’”*® (Figure 2).
Most of these are usually followed by an endocrinologist,
who can guide appropriate medical management.

Secondary Endocrine Disorders Leading
to SCFE

Case Two

A 15-year and 8-month-old female presented with 1
year of bilateral hip pain, right worse than left. Based
on her initial exam (pain with hip range of motion, lack
of internal rotation, and ambulating without a limp)
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Figure 2. Examples of endocrinopathy-related SCFE (A, B). Hypothyroidism with hair thinning (A, B).
Panhypopituitarism (C, D). Hypogonadism in a male (testosterone deficiency) and gynecomastia (E, F).

and radiographs (Figures 3A, B), she was presumed to
have femoroacetabular impingement (FAI). However, 2
weeks later she had acute worsening of her right hip pain
and inability to weight bear. Radiographs at this time
demonstrated an acute-on-chronic right slip and a chronic
left slip. (Figure 3). At this time, she was in the 99™
percentile for height, 87 percentile for weight, and 60t
percentile for BMI. Given her relatively older age and
bilateral presentation, laboratory screening was pursued
including a comprehensive metabolic panel, TSH, and
vitamin D, which were all within normal limits.

She initially underwent a right hip gentle partial
reduction with screw fixation and capsulotomy of the
right-sided acute-on-chronic unstable SCFE as well as
in situ screw fixation of the left chronic stable SCFE.
Subsequently, she underwent staged bilateral surgical
hip dislocations with osteochondroplasties and greater
trochanteric advancements for residual FAI (Figure 3F
and G). She was also found to have wrist weakness
and bilateral cavovarus feet and referred to genetics for
Charcot-Marie-Tooth evaluation. A targeted gene panel
was negative for hereditary neuropathy. A spine MRI
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was obtained to evaluate for intraspinal anomalies given
her cavovarus feet and development of lower extremity
hyperreflexia. A thyroid nodule was seen on MRI and
subsequently biopsied, which led to the diagnosis of
medullary thyroid carcinoma. Labs at this time were
pertinent for significantly elevated calcitonin 1,368 PG/
ML (normal 0-5 PG/ML) and carcinoembryonic antigen
(CEA) 12.7 NGH/ML (normal: 0-4.7 NG/ML). She was
ultimately diagnosed with Multiple Endocrine Neoplasia
2A (MEN2A) syndrome due to a RET C634Y mutation
and underwent a total thyroidectomy. She was treated for
postoperative hypothyroidism and screened yearly for
pheochromocytoma and hyperparathyroidism.

Multiple Endocrine Neoplasia

Medullary thyroid carcinoma is an uncommon pediatric
diagnosis and is most commonly associated with MEN
type 2A or type 2B, which results from mutations in the
RET proto-oncogene. There are isolated case reports of
patients presenting with MEN2B and one of MEN2A-
related SCFE. Clinical findings of MEN include marfanoid
body habitus, kyphoscoliosis, and pes cavus. There is a
50% risk of pheochromocytoma in both MEN 2A and
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Figure 3. Radiographs of 15-year-old female with bilateral, right acute-on-chronic, and left chronic SCFEs, who

was later diagnosed with MEN2A. Radiographs from initial presentation (A-B), after acute exacerbation of right hip
pain and inability to weight bear (C), following in situ percutaneous fixation (D-E), and after bilateral surgical hip
dislocations with osteochondroplasty and relative femoral neck lengthening for residual femoroacetabular impingement
(F-G). (Images courtesy of Mihir M. Thacker, MD, Nemours Childrens Hospital, Delaware).

2B. MEN 2A is also associated with hyperparathyroidism
while patients with MEN2B may develop mucosal

neuromas on the tongue, lips, or eyelids.?*-+

Other conditions resulting in secondary endocrinopathies
include neoplasia (neuroblastoma, retinoblastoma,
medulloblastoma, ependymoma, craniopharyngioma, and
Wilms tumor). Craniopharyngioma is associated with
panhypopituitarism while Turner syndrome is associated
with hypogonadism (primary ovarian deficiency).
Kallman syndrome is the most common genetic cause of
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hypogonadotropic hypogonadism.** Optic nerve gliomas

have also been described in SCFE patients.!>#

Metabolic Disorders Leading to SCFE

Case Three

Case three is a 15-year-old African American male with
renal osteodystrophy resulting from bilateral dysplastic
kidneys, who underwent a failed kidney transplant and
subsequently required hemodialysis. He was followed
closely by the orthopaedic team for femoral bowing
and genu valgum. Deformity correction was discussed,
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but his hyperparathyroid status was uncontrolled.

He developed acute onset of right hip pain and pain
with weight-bearing. Radiographs were obtained and
demonstrated an acute-on-chronic moderate right SCFE
and mild left SCFE. Labs were pertinent for elevated
BUN 94 MG/DL (normal 5), Creatinine 12.6 MG/
DL (normal <1.2), PTH 1276 PG/ML (normal 10-65),
alkaline phosphatase 707 U/L (normal 92), phosphate
5.7 MG/DL (normal 2.4), potassium 6.4 MMOL/L
(normal 3.6), uric acid 8.7 MG/DL (normal 2.6) as
well as anemia. Following coordination and clearance
by nephrology and endocrinology, he underwent
bilateral in situ percutaneous fixation (Figure 4).
After his hyperparathyroidism was better controlled,
he underwent bilateral lower extremity deformity
correction as well.

Renal Osteodystrophy

End-stage renal disease leads to renal osteodystrophy
which encompasses a spectrum of skeletal abnormalities
including SCFE as well as characteristic radiographic
findings of osteomalacia and physeal widening at the
hips, knees, ankles, and wrists.** While etiology of
renal osteodystrophy is diverse, it leads to a downstream
effect of hyperparathyroidism, which then is related

to development of SCFE.*° Patients with renal
osteodystrophy-associated SCFE are characteristically
younger, shorter, have lower weight or BMI, and

more often present with bilateral slips compared to
patients with typical SCFE.**46 A multidisciplinary
approach with co-management by a nephrologist and an
endocrinologist, both before and after surgery, is crucial,
as there is evidence that failure to correct metabolic

Figure 4. 15-year-old male with renal osteodystrophy resulting in lower extremity deformity, bowing and genu valgum
(4), and acute moderate right SCFE and mild left SCFE at time of presentation (B-C) and following in situ fixation
(D-E). (Images courtesy Mihir M. Thacker, MD, Nemours Children's Hospital, Delaware).
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Figure 5. Coronal (4) and Axial (B) MRI pelvis cuts demonstrating widening of the right posterolateral
physis in a patient with post-radiation SCFE. AP (C) and frog leg lateral (D) after bilateral percutaneous
fixation for post-radiation induced SCFE. (Images courtesy of Mihir M. Thacker, MD, Nemours
Children's Hospital, Delaware).

abnormalities may lead to slip progression despite
surgical fixation.*> Advocated nonoperative management
of patients presenting with renal failure-associated SCFE
is primarily historical.?’

Radiation-Induced SCFE

Case Four

A 10-year and 1-month-old male was diagnosed with
Ewing Sarcoma of the right hemipelvis after several
months of right hip pain and treated with chemotherapy
and local radiation. Nineteen months later, at 11 years
and 8 months old, he reported right hip pain, and routine
surveillance MRI demonstrated widening of the lateral
posterior aspect of the right proximal physis consistent
with SCFE as well as a mild left SCFE (Figure 5).

He was in the 99.9'" percentile for weight and BMI
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and 80.1% percentile for height. He was diagnosed
with a mild chronic right SCFE and underwent in situ
percutaneous screw fixation bilaterally (Figure 5).

Post Radiation Therapy

Children exposed to either total body radiation or pelvic
radiation have been shown to be at risk for developing
subsequent SCFE. While the pathophysiology is not fully
understood, it is likely a combination of direct injury to
radiosensitive chondrocytes and downstream effects of
sex hormone deficiency on the physis.*’#? Interestingly,
an association has been previously reported between
radiation and atypical valgus slips.* In an analysis of 31
children with radiation-associated SCFE, Loder et al.
found that these patients presented on average 6 years after
radiation.*’ The rate of patients presenting with bilateral
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radiation-induced SCFE is high, ranging from 28%-70%
in the literature.*>>* The typical patient presenting with
radiation-induced SCFE is younger and often underweight
compared to idiopathic SCFE patients.*” The majority

of radiation-induced SCFEs are mild at presentation.’
While the rate of contralateral slip progression is unclear
in this patient population, strong consideration should be
given to prophylactic fixation in patients presenting with a
unilateral radiation-induced slip.

Valgus SCFE

Case Five

An 8-year and 5-month-old girl presented with 4 months
of left groin and knee pain. She initially had left knee
pain after a fall and only left knee radiographs were
obtained by her pediatrician, which were normal. She

developed left hip pain and continued to have frequent
falls, limp, and difficulty ambulating, which prompted
reevaluation. She was in the 99.99%+ percentile for
height, weight, and BMI. Her clinical exam was positive
for painful limitation of left hip range of motion, antalgic
gait, and acanthosis nigricans on her neck. Radiographs
demonstrated a valgus SCFE with posterior and lateral
translation. Her bone age was 11 at this time. Of note,
she was diagnosed with premature adrenarche at age 5 by
endocrinology and prediabetes at 6 years old. Given her
endocrine abnormalities, she underwent bilateral in situ
screw fixation (Figure 6).

Valgus SCFE
Valgus slips are an uncommon variant of SCFEs where
the epiphysis is translated posterolateral. Studies have

Figure 6. 8.5-year-old girl with precocious puberty, pre-diabetes, advanced bone age, and left valgus
SCFE (A-B), who underwent bilateral in situ screw placement (C-D). (Images courtesy of Mihir M.
Thacker, MD, Nemours Children’s Hospital, Delaware)
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shown that the femoral necks are 20 degrees more
vertical than normal (153-155 degrees vs. 135 degrees),
and the physes have a lateral tilt of 11 degrees compared
to the normal medial tilt of 16 degrees.>>! The degree
of posterior physeal tilt reported for valgus slips is
similar to that of conventional SCFEs. Biomechanical
studies found the physeal shear force in valgus slips to
be 2.7 times body weight in the posterolateral direction
compared to 2.2 times body weight in typical SCFE.! In
a recent meta-analysis of patients with valgus slips, 22%
(7/32) had an underlying endocrine disorder.’ Chung

et al. reported on 22 patients with 29 atypical SCFEs
with a majority secondary to radiation or chemotherapy
treatment. They found that 76% (22/29) of these slips
were a valgus SCFE. Their analysis is one of the largest
cohorts of patients presenting with valgus slips.”? A
smaller single-center analysis of valgus SCFE patients
found that 42% (5/12) valgus slips were associated with
an atypical SCFE.>

Data on the risk of contralateral slip progression for
patients with valgus SCFE is limited. Gelink et al.
reported on a small case series of 8 patients with

valgus SCFE: 2/8 presented as bilateral slips, 1 patient
subsequently developed a contralateral slip, and all of the
patients were thought to have idiopathic SCFE.>? A larger
metanalysis found that 31% of valgus SCFE patients
(23/74) initially presented as a bilateral SCFE, which is
higher than the rate of 18% that has been reported for
idiopathic SCFE.%3

While valgus slips represent an uncommon subset of
SCFE, with about 100 reported cases in the literature,
their unique radiographic characteristics make it
important for us to identify them. Patients presenting
with a valgus SCFE should undergo screening lab work
given the high proportion of valgus slip associated with
endocrine or metabolic abnormalities.>

Screening Recommendations for
Orthopaedic Providers

Loder et al. described and provided validation for the
age-weight and age-height tests—tools that can guide
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orthopaedists in identifying patients with atypical
SCFE.%7 Loder found that children younger than 10

or older than 16 were 7.4 times more likely to have an
atypical SCFE. Furthermore, children presenting with
weight less than the 50 percentile were six times more
likely to have an atypical SCFE while children with
height less than the 50™ percentile were 13.1 times more
likely.® A negative age-height (10-16 years old, 50"%+
height) and negative age-weight (10-16 years old, 501%+
height) had a 98% and 94% negative predictive value

for atypical SCFE, respectively. Similarly, the height test
proposed by Burrow, based on height less than the 10
percentile, had a negative predictive value of 97%.5* The
sensitivity of the Loder age-height test and the Burrow
height tests were 88% and 75%, respectively. Height
appears to be the most useful characteristic when ruling
out atypical SCFE. An attempt should be made to obtain
a current height and weight for every patient presenting
with a SCFE, even by history of the last PCP visit. Given
that most patients with endocrine or metabolic-associated
SCFE, except for hypothyroidism, often present as
underweight, orthopaedists should be suspicious of
underweight patients with a SCFE.

We recommend patients younger than 10 or older than
16, presenting with a height below the 50" percentile

or weight below the 50 percentile, bilateral SCFE,

or a valgus SCFE undergo screening for underlying
disorders®** (Figure 7). Screening lab work for
underlying endocrine and metabolic conditions should
start with TSH, PTH, and a comprehensive metabolic
panel. If TSH is elevated, a full thyroid workup,
including free thyroxine, should be performed. If PTH is
abnormal, vitamin D levels should be obtained (Table 1).
Endocrine referral should be strongly considered in
patients with atypical presentation (age-weight test,
valgus slip, suspicious history/clinical evaluation,
delayed bone age, atypical radiographic exam) but

have a negative initial screen to further evaluate growth
hormone and gonadal hormone-related disorders. We
also utilize our endocrinology colleagues to help in
multidisciplinary management of patients with known
endocrinopathies and those with a positive initial screen.
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Surgical
Stabilization
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Multidisciplinary
Treatment with
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Surgical Stabilization

Multidisciplinary
Treatment with
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SCFE

YES Known Endocrine,

Metabolic Treatment?

NO
Age <10 or >16 +
<50t% Height or

Weight

YES NO

Normal Bone
Density, Typical
Physeal Width?

Screening Labs
(CMP, TSH, PTH)

Normal

Surgical Stabilization Surgical Stabilization

Consider Screening
Labs for Bilateral

Endocrinology Referral

Figure 7. Treatment algorithm for the workup of atypical SCFE at presentation.

Table 1. Lab Abnormalities and Treatment for Endocrinopathies

History of Radiation

Surgical
Stabilization

Screening Labs +/-
Endocrine Consult

Surgical Stabilization

Disorder Laboratory Derangements Treatment
Hypothyroidism TTSH, I T4 Thyroxine replacement
Growth Hormone Deficiency | J|GH Recombinant GH

Hyperparathyroidism

TPTH, TCa, +/- LVit D

Parathyroidectomy, Vit D
supplementation

Hypogonadism

Primary: LEstrogen/Testosterone, TFSH/LH
Secondary: LEstrogen/ Testosterone, LFSH/
LH

Hormone replacement therapy
Further Workup

Secondary Hypogonadism indicates
hypothalamic or pituitary dysfunction

Panhypopituitarism

UTSH, |GH, ACTH, \FSH, \LH, {prolactin

Hormone replacement therapy
+/- surgery, radiation therapy

MEN2A/2B Tcalcitonin, TCEA, +/-TPTH Thyroidectomy (medullary
thyroid carcinoma) Screen
for hyperparathyroidism/
pheochromocytoma

Renal Osteodystrophy TBUN, TCr, Tphos, TPTH, lCa Dialysis, Ca supplementation,

Calcimimetics Screen for
hyperprarathyoidism

All patients with lab abnormalities or an identified endocrinopathy should be referred to specialists for all treatment and management

of underlying pathology.
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Patients presenting with known renal osteodystrophy-
associated SCFE should undergo laboratory screening
for hyperparathyroidism. To our knowledge, no studies
to date have directly examined the cost-effectiveness of
screening labs in patients presenting with SCFE, but as
outlined above, it is crucial to identify these conditions to
avoid associated morbidity or mortality.

Consideration should also be given to testing and
supplementing vitamin D if deficient. Although there
is conflicting evidence in the literature, with one study
showing no association between vitamin D deficiency
and SCFE,> others have reported 85%-100% vitamin
D deficiency in their SCFE cohorts.>®>7 Judd et al.,
also found the time to physeal fusion was prolonged to
20 months in SCFE patients with vitamin D deficiency
compared to 9.6 months in controls.>® Vitamin D
supplementation should be started if a patient is found to
be deficient.

Management

If an underlying endocrine or metabolic abnormality is
identified, the appropriate medical specialists should be
consulted for treatment and to determine if the patient

is stable enough for surgery. Surgical fixation options

are the same as for idiopathic SCFEs. The majority are
fixed with in situ cannulated screw fixation. In patients
with extremely soft bone, the use of a washer may be
considered (Figure 4). There is no published literature
comparing one or two screw fixation within the atypical
SCFE population. We recommend the determination for
one versus two screws be made based on slip stability,

as two screws are biomechanically more stable and

may be warranted for unstable slips.’® Gentle closed
reduction (+/- capsulotomy) can be attempted in cases of
an unstable SCFE. Other initial treatment options include
open reduction using an anterior approach or the modified

Dunn technique for surgeons facile in this technique.>*-¢!

Patients presenting with a unilateral slip who are
diagnosed with an underlying endocrinopathy or renal
disease should undergo bilateral in situ screw fixation
given the high risk of contralateral slip progression.

Copyright © 2023 JPOSNA®

Patients who develop radiotherapy-associated unilateral
atypical SCFE, who are found to have a co-existing
endocrinopathy, should undergo contralateral fixation

as well. The risk of contralateral slip progression in a
patient with isolated radiation-associated SCFE is less
clear. Pelvic or full-body radiation can weaken bilateral
proximal femoral physes, and bilateral fixation should be
strongly considered. All patients presenting with bilateral
SCFE, whether typical or atypical, should undergo
bilateral fixation (Figure 6).

Special consideration should be given to the fixation

of valgus SCFE. The trajectory for a percutaneous
guidewire may be very medial/anterior and potentially
put the femoral neurovascular bundle at risk. Some have
recommended a limited open anteromedial approach with
identification and protection of the neurovascular bundle?

(Figure 8).

No studies have specifically reported a higher rate of
complications or slip progression after in situ fixation

in atypical slips compared to typical slips. Makarewich
et al. found that less than three threads across the physis
were more predictive of failure and there with no
increased rate of failure in endocrine SCFEs within their

| \ | {/
Figure 8. Valgus SCFE screw trajectory noted by white
line. The more valgus the slip, the closer the entry point is
to the neurovascular bundle. (Images courtesy of Mihir M.
Thacker, MD, Nemours Children’s Hospital, Delaware).
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cohort compared to typical SCFEs.®? Similarly younger
age has been associated with increased risk of slip. In one
study, the average age of those with slip progression was
10.6 years compared to an average age of 12.7 years in
the successful treatment group.®® It is also important to
make sure the underlying pathology remains controlled.
In a study of outcomes for renal osteodystrophy-
associated SCFE, 88% of slips stabilized after surgery,
and those that progressed had poorly controlled renal

disease necessitating further medical management.*3

Summary

Atypical SCFE is associated with underlying
endocrinopathies, metabolic disorders such as renal
osteodystrophy, and radiation therapy. Given the
relatively low frequency and sometimes subtle
presentation, the diagnosis of atypical SCFE can

be challenging. A systemic approach to all patients
presenting with a SCFE is crucial and should begin
with a thorough history and physical exam. An accurate
height and weight should be obtained if possible. We
recommend all patients with either a positive age-height
or age-weight test, bilateral or valgus SCFE presentation
undergo a screening endocrine workup consisting of a
comprehensive metabolic panel, PTH and TSH, which
can be further tailored pending pertinent derangements
Vitamin D evaluation should considered, especially in
areas with endemic Vitamin D deficiency. Patients with
undiagnosed endocrinopathies or renal disease need
prompt referral and medical management from pediatric
specialists. Surgical fixation options remain the same

as for idiopathic SCFE; however, atypical SCFE cases
benefit from prophylactic fixation of the contralateral
side as well.
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