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Distal Phalangeal Physeal Closure Preceding Ossification of the Thumb
Adductor Sesamoid: A Case Report

Shane Ross', Sarah Lu', Samuel Beber', Katherine Groff, Diego Jaramillo', Shevaun Doyle'

Learning Point of the Article:
Thumb adductor sesamoid ossification may be absent despite distal phalangeal physeal closure in patients with growth hormone
deficiency, underscoring the need for cautious interpretation of simplified bone age assessment methods.

Introduction: Assessment of skeletal maturity is fundamental to pediatric orthopedic practice, as remaining growth potential influences
prognosis and treatment decisions. Ossification of the thumb adductor sesamoid is widely used as a pubertal landmark and is expected to
precede distal phalangeal physeal closure in established bone age assessment methods. Deviation from this sequence is rarely described. We
report a case of distal phalangeal physeal closure occurring in the absence of thumb adductor sesamoid ossification in a patient with growth
hormone deficiency.

Case Report: A 15-year-old female with hypopituitarism and growth hormone deficiency was followed for adolescent idiopathic scoliosis.
Despite long-term recombinant growth hormone therapy, she demonstrated delayed pubertal progression. A posteroanterior radiograph of the
lefthand and wrist obtained to assess skeletal maturity revealed complete distal phalangeal physeal closure across all digits without ossification of
the thumb adductor sesamoid. The contralateral hand demonstrated early sesamoid ossification. At a chronological age of 15 years and 4
months, bone age was estimated at 13 years and 6 months, consistent with delayed skeletal maturation. This represents a discordant and atypical
sequence of ossification.

Conclusion: This case demonstrates that thumb adductor sesamoid ossification may be absent despite distal phalangeal physeal closure in
patients with endocrine dysfunction. Simplified skeletal maturity assessment methods that rely on sesamoid appearance may therefore be
misleading in this population. Careful evaluation of the overall pattern of physeal development is essential when managing growth-dependent
orthopedic conditions. This report highlights clinically relevant variabilityin skeletal maturation in the setting of growth hormone deficiency.
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Introduction skeletal age, as the appearance and fusion of secondary

Assessment of skeletal maturity is fundamental to pediatric ossification centers and the closure of physes follow a predictable
orthopedic practice, as a patient’s remaining growth significantly Sequence during childhood and adolescence in the hand [2].
influences prognosis and management across a wide range of The most commonly used assessment of bone age is the Greulich
conditions, particularly when planning surgeries about the knee and Pyle Method (GPM), introduced in the Radiographic Atlas
[1]. Hand and wrist radiographs are commonly used to evaluate of the Hand and Wrist, which remains the gold standard among
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orthopedic surgeons. More recent methods, such as the
Shorthand Bone Age (SBA) assessment, are derived from the
GPM but offer a simplified approach [3]. In normal skeletal
development, the final ossification center to appear in the hand
is the adductor sesamoid of the thumb. In the SBA, the thumb
sesamoid typically ossifies and becomes visible on radiographs
at approximately 11 years in females and 13 years in males,
preceding physeal closure of the thumb and index finger distal
phalanges. Closure of the thumb distal phalanx occurs at
approximately 13 years in females and 15 years in males,
followed by closure of the index finger distal phalanx at
approximately 13.5 and 15.5 years, respectively. This sequence
is also consistent with skeletal maturation patterns described by
the GPM [4,5].

Few casesin the literature describe deviation from this expected
temporal sequence of ossification and physeal closure. We
report the case of a 15-year-old female patient with a history of
hypopituitarism and delayed puberty on growth hormone
(GH) therapy, who demonstrated closure of the thumb distal
phalangeal physis in the absence of thumb sesamoid
ossification.

Case Report

A 10-year-old female was referred to pediatric endocrinology
for evaluation of pathologic short stature when her pediatrician

noticed a declining growth trajectory. Her medical history was
significant for isolated premature thelarche diagnosed at 10
months of age, characterized by bilateral breast development
with a Tanner stage 3 appearance in the absence of other pre-
pubertal features. There was no known family history of early
epiphyseal closure or abnormalities of skeletal maturation.
Further laboratory evaluation demonstrated decreased insulin-
like growth factor (IGF-1), GH, thyroid hormone, T4, and T3
levels. Magnetic resonance imaging revealed a small-volume
pituitary gland, consistent with pituitary hypoplasia. These
findings supported a diagnosis of hypopituitarism with
associated growth hormone deficiency. Given her short stature
and the presence of open physes with evidence of remaining
growth potential, confirmed on hand radiography, treatment
with recombinant human growth hormone (somatotropin) was
initiated.

At 11 years of age, the patient presented to the orthopedic
surgery clinic for evaluation of scoliosis following observation
of shoulder asymmetry on the Adams forward bend test at a
routine pediatric visit. Plain radiographic evaluation
demonstrated a left T3-T'12 curve measuring 12° and a right
T12-L4 curve measuring 14°, consistent with a diagnosis of
adolescent idiopathic scoliosis (IS). Serial standing pelvic
radiographs showed persistent Risser stage 0, with absent iliac
apophyseal ossification findings, which indicate substantial
remaining growth potential. Throughout
orthopedic follow-up, the patient exhibited
persistent delayed pubertal progression, while
physical examinations remained unremarkable,
with no dysmorphic features or neurologic
abnormalities. As part of routine scoliosis
management to assess skeletal maturity and
remaining growth potential, particularly in the
context of persistent Risser stage 0 and
premenarchal status, a hand and wrist
radiograph was obtained at 15 years of age.

A posteroanterior radiograph of the left hand
and wrist demonstrated complete fusion of the
distal phalangeal physes across all digits, along
with absence of ossification of the thumb
adductor sesamoid (Fig. 1a). In contrast, the
right hand showed early ossification of the
thumb sesamoid (Fig.2). Ata chronological age

Figure 1: Absence of thumb adductor sesamoid ossification in the patient’s lefthand compared with of 1§ years and 4 months, bone age was

reference radiograph. Anteroposterior radiographs of the left hand and wrist, (a) Radiograph of the
patient obtained at 15 years and 4 months of age demonstrating absence of thumb adductor
sesamoid ossification at the first metacarpophalangeal joint (red circle). Skeletal age was estimated

estimated at 13 years and 6 months according to
the Greulich and Pyle atlas, consistent with

at 13 years and 6 months using the Greulich and Pyle atlas, (b) Anteroposterior radiograph of a delayed skeletal maturation. The absence of
reference pediatric left hand demonstrating the presence of the thumb adductor sesamoid (blue sesamoid ossification despite closure of the

circle). Image (b) adapted from Montgomery, Understanding Growth: The role of hand X-rays in

distal phalangeal physes represents a notable

Scoliosis Care. Washington University Pediatric Spinal Deformity Blog, 2024 [6].
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Whitehouse method, was highly correlated with
curve progression in prepubescent females with IS
amongst skeletal maturity parameters [8]. In
maxillofacial surgery, ossification of the thumb
adductor sesamoid has been extensively utilized as a
marker of pubertal onset to guide the timing of
growth-dependent surgical decision making [9,10].
Previously, Hung et al. proposed the Thumb
Ossification Composite Index (TOCI) as a simplified
staging system for assessing skeletal maturity in
patients with IS [11]. The components of the TOCI
include the adductor sesamoid bone, distal phalanges
of the thumb, and the lateral corner of proximal
phalangeal epiphyses of the thumb to stage skeletal
development. This highlights the clinical importance
of individual hand ossification centers, particularly
the thumb adductor sesamoid and the proximal and
distal phalangeal physes, as key indicators in the
assessment of skeletal maturation.

The patient’s endocrinologic history of

hypopituitarism provides important context for her
atypical ossification pattern. Though many hormonal

Figure 2: Anteroposterior radiograph demonstrating expected thumb adductor sesamoid signals are involved in physeal maturation, including
ossification. Anteroposterior radiograph of the patient’s righthand obtained at 15 years and GH, IGF, thyroid hormone, estrogen, and androgens,

4 months of age on the same date as the left hand radiograph was taken. An ossific nucleus of
the thumb adductor sesamoid is present at the first metacarpophalangeal joint (circled).
The distal phalangeal physes are fused. This radiograph demonstrates the expected

appearance of sesamoid ossification at this stage of skeletal maturation.

deviation from the expected, consistent maturation sequence
outlined in the GPM (Fig. 1b). The patient was treated with a
thoracolumbosacral orthosis nocturnal back brace, and had
correction ofher scoliosis over the course of 2 years.

Discussion

In this case report, we describe an adolescent patient with an
aberrant sequence of hand ossification, characterized by distal
phalangeal physeal closure and the absence of thumb adductor
sesamoid ossification. The appearance of the adductor
sesamoid and physeal closure of the distal phalanx of the thumb
are widely regarded as the two major landmarks in evaluating
skeletal maturity during puberty and early adolescence. The
sequence of hand and wrist ossification is well characterized and
predictable, with the progressive appearance and fusion of
multiple ossification centers that form the basis of established
bone age assessment methods [7].

Accurate assessment of skeletal maturity is critical for guiding
management of adolescent IS and predicting the risk of curve
progression. Sanders et al. demonstrated that metacarpal and
phalangeal development, specifically, in the Tanner-

estrogen primarily regulates physeal closure
[12,13,14,15]. Sesamoid ossification involves Type II
collagen and proteoglycans, which contribute to
mineral deposition and ossification. Their growth is
regulated by transforming growth factor beta and bone
morphogenetic protein-2. Mechanical factors, such as shear
forces and stress, can contribute to sesamoid ossification.
Previous literature demonstrates that while skeletal maturity
might be delayed in those with GH deficiency, bone age can be
within the normal range or accelerated after patients begin GH
supplementation [16,17,18,19]. Bone age progression rate is
also affected by sex, GH dose, duration of GH treatment, and
pubertal status. Kang et al. investigated bone age progression in
78 patients with idiopathic GH deficiency during the first 3
years of reccombinant GH therapy [20]. The authors found that
GH treatment was associated with accelerated skeletal
maturation, with bone age advancing at a rate of approximately
1.28 years for every 1 year of chronological age. However, in the
present case, the patient had been receiving GH therapy for
nearly 10 years and nevertheless demonstrated absent thumb
sesamoid ossification, highlighting an atypical pattern of
skeletal development despite long-term treatment. Due to the
complex interactions of the hypothalamic-pituitary-adrenal
axis and sex hormones (estrogens and androgens) on physeal
maturation, it is difficult to determine whether GH alone
contributed to the absence of sesamoid ossification in this
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patient. One plausible explanation suggested by Cho etal. is that
GH therapy may have preferentially accelerated linear growth,
while persistent deficiency of sex steroids (particularly
estrogen) selectively delayed ossification of the smaller
sesamoid center [21].

Furthermore, this patient demonstrated asymmetric
development, as the right hand showed early sesamoid
ossification while the left remained unossified. This case
highlights the intricate relationship between growth hormone
therapy and skeletal maturation, which remains important to
understand when managing adolescent IS. As simplified and
shorthand methods of skeletal age assessment based on hand
radiographs become increasingly common, clinicians must
remain attentive to potential variation in metacarpal and
sesamoid development [22]. This is especially true in patients
with underlying endocrine disorders. With the growing use of
GH therapy, awareness of both focal and global abnormalitiesin
skeletal maturation is essential. In summary, we report an
unusual case of discordant hand ossification patterns in the
setting of IS and GH deficiency.

Conclusion

We present the case of a patient with a medical history of
hypopituitarism who was followed in the orthopedic clinic for

adolescent IS and was found to have absent ossification of the
thumb adductor sesamoid despite distal phalangeal physeal
closure, an uncommon and discordant finding. To the best of
ourknowledge, this represents the first reported case describing
this atypical sequence of skeletal maturation in the setting of
prolonged growth hormone therapy. In patients with a
phalangeal-sesamoid discrepancy, physicians should rely more
heavily on patterns of physeal closure rather than isolated
ossification landmarks when assessing skeletal maturity. In
pediatric growth assessment, particularly in patients monitored
for orthopedic conditions such as scoliosis, this case illustrates
that the sequence of ossification events may be as clinically
informative as their timing. Careful attention to deviations from
expected maturation patterns may therefore provide important
diagnostic insight and influence growth-dependent clinical
decision-makinginboth orthopedic and endocrine practice.

Clinical Message

In patients with endocrine dysfunction, particularly those receiving
growth hormone therapy, the sequence of hand ossification may not
follow established norms. Distal phalangeal physeal closure can
precede thumb adductor sesamoid ossification. Skeletal maturity
assessment should therefore prioritize comprehensive physeal
evaluation rather thanisolated ossification landmarks.
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