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Abstract

Background
Girdlestone hip resection arthroplasty (GRA) is a salvage procedure reserved for recalcitrant
periprosthetic infection, failed arthroplasties, as well as neuromuscular hip dislocations in children.
Existing evidence derives largely from single-institution, age-restricted studies. Therefore, the purpose of
this study was to report demographic, diagnostic, and complication profiles of GRA across the
population in a large retrospective cohort.

Methods
We conducted a retrospective cohort study using the TriNetX Research Network, a federated network of
deidentified electronic health record data. Patients who underwent Girdlestone resection arthroplasty
between October 2015 and June 2024 were identified and stratified into pediatric (≤ 18 years) and adult
(> 18 years) cohorts. Demographics, the ten most prevalent International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM) diagnoses per cohort, and postoperative outcomes,
including return to the operating room, pain, opioid use, heterotopic ossification, decubitus ulcers,
infection, and death, were assessed.

Results
A total of 1,876 patients were identified: 87 pediatric (≤ 18 years) and 1,789 adult (> 18 years) patients.
The leading pediatric diagnosis was cerebral palsy. The adult diagnostic profile was less homogeneous
and included unclassified pain (4%) and other unclassified joint disorder (4%), followed by pressure ulcer,
paraplegia/quadriplegia, and cerebral palsy (3% each). A diagnosis of cerebral palsy was present in both
cohorts (28% pediatric vs 3% adult). Pain occurred at similar rates in both groups (57.5% pediatric vs
60.8% adult; P = 0.575). Opioid use (11.7%), return to the operating room (10.0%), decubitus ulcers
(28.3%), surgical site infection (5.3%), pyogenic arthritis (23.6%), osteomyelitis (12.8%), sepsis (9.1%),
and death (11.4%) occurred only in the adult cohort (all P ≤ 0.020). Heterotopic ossification occurred only
in adults (1.1%; P = 1.000).

Conclusions
Girdlestone resection arthroplasty was associated with distinct indications and outcomes across age
groups. Pediatric patients underwent the procedure predominantly for neuromuscular hip disease, while
adults carried a high burden of infection, reoperation, and mortality. These findings support age-specific
risk counseling rather than a single composite risk estimate.
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Type of study/level of evidence:
Retrospective comparative study; Level III.

Introduction
Girdlestone resection arthroplasty (GRA) of the hip was originally described as a salvage operation for
tuberculosis of the hip.1 Although total hip arthroplasty and staged reconstruction have largely replaced
GRA as definitive treatments, the procedure persists in contemporary practice as a salvage option when
hip reconstruction is no longer feasible or has failed.2–4

Today, GRA is performed across a variety of indications that map onto distinct populations. In adults, the
procedure is used to manage recalcitrant periprosthetic joint infection, failed arthroplasty, femoral neck
fracture, septic native hip, and intractable pressure ulcers, predominantly in older, medically debilitated
patients.5–10 In children, however, GRA is performed largely for painful, dislocated hips in cerebral palsy
and related neuromuscular disorders. The pediatric procedure is more recently carried out as a proximal
femoral resection interposition arthroplasty, a technically distinct operation that nonetheless shares the
same indications.11–16

Prior evidence comes from single-institution series confined to narrow age strata, leaving the full age
spectrum of the procedure uncharacterized within a single population. Using the TriNetX Research
Network, a global federated health research network, we aimed to characterize and compare patient
demographics, diagnostic indications, and postoperative complication profiles of patients undergoing
GRA, stratified by age group. We hypothesized that pediatric and adult patients undergoing the same
coded procedure would differ substantially in their indications and complication profiles.

Methods

Study Design and Data Source
This was a retrospective cohort study utilizing the TriNetX Research Network, a global federated health
research network that aggregates deidentified electronic health record (EHR) data from participating
healthcare organizations (HCOs), primarily in the United States. The TriNetX platform provides access to
structured clinical data including demographics, diagnoses coded using the International Classification
of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM), procedures coded using Current
Procedural Terminology (CPT), medications, and laboratory results. TriNetX complies with the Health
Insurance Portability and Accountability Act (HIPAA) and the General Data Protection Regulation (GDPR).
All patient data are deidentified in accordance with Section § 164.514(a) of the HIPAA Privacy Rule, as
attested by a qualified expert per Section § 164.514(b)(1). Because this study analyzed deidentified data
with no direct intervention or interaction with human subjects, institutional review board approval and
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informed consent were not required. This study adhered to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline for observational studies.

Study Population
Patients who underwent Girdlestone resection arthroplasty (CPT code 27122) between October 1, 2015
and June 8, 2024 were identified using the TriNetX platform. Given this CPT code is specific to the
Girdlestone procedure, no exclusion criteria were applied. The study population was stratified into two
age-based cohorts: a pediatric cohort (≤ 18 years of age) and an adult cohort (> 18 years of age).

Epidemiological Characterization
Demographic characteristics including age, sex, race, and ethnicity were collected for each cohort. Age
distribution was reported as mean ± standard deviation (SD). To characterize the clinical indications and
comorbidity profiles of patients undergoing Girdlestone resection, the ten most prevalent ICD-10-CM
diagnosis codes recorded within 3 months of the index procedure were identified and reported for each
cohort.

Outcome Measures
Outcomes of interest were identified using a combination of ICD-10-CM diagnosis codes and CPT
procedure codes and included return to the operating room, pain, opioid use, heterotopic ossification,
decubitus ulcers, infection (including pyogenic arthritis, osteomyelitis, surgical site infection, and sepsis),
and death. Death was ascertained using the TriNetX mortality flag, which integrates data from EHR
documentation and external death registries. The specific diagnostic and procedural codes used to
define each outcome are detailed in Table 1.
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Table 1
Operational definitions and corresponding procedure and diagnostic codes used to identify

study outcomes.
Outcome Defining code(s) and criteria

Return to OR 27122 (repeat Girdlestone)

27030 (washout)

10180 (wound I&D)

26992 (drainage of deep abscess, pelvis/hip)

Pain M25.55 (hip pain)

G89.29 (chronic pain)

G89.18 (acute postprocedural pain)

Opioid use F11 (opioid abuse, dependence, use)

Number of prescriptions, quantity per prescription, and tablets

Heterotopic ossification M61.0 (myositis ossificans traumatica)

M61.9 (calcification and ossification of muscle, unspecified)

Decubitus ulcers L89 (all stages)

Infection M00.x5 (pyogenic arthritis, hip)

M00.9 (pyogenic arthritis, unspecified)

M86.x5 (osteomyelitis, thigh)

T81.4 (surgical site infection)

A41.9 (sepsis, unspecified organism)

Death TriNetX mortality flag

Five-digit numeric codes are CPT (procedure) codes; alphanumeric codes are ICD-10-CM (diagnosis)
codes. Italicized entries denote operational criteria applied within the data source rather than a single
discrete code.

In M00.x5 and M86.x5, “x” is a wildcard capturing all organism and laterality subcodes for the specified
site (hip, thigh).

CPT, Current Procedural Terminology; I&D, incision and drainage; ICD-10-CM, International Classification
of Diseases, Tenth Revision, Clinical Modification; OR, operating room; TriNetX, federated electronic
health record research network.

Statistical Analysis
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Continuous variables were reported as mean ± SD, since TriNetX does not support median/interquartile
range through its standard interface; categorical variables were reported as frequencies and
percentages. Outcome risk was calculated as the proportion of patients in each cohort experiencing
each outcome event, and between-group comparisons used two-sided Fisher's exact test, with P values
not adjusted for multiple comparisons. Risk ratios and 95% confidence intervals were not available
through the platform, so between-group differences are reported as P values only. Because this study
was descriptive rather than causal, no adjustment for confounding was performed; potential bias from
administrative coding misclassification and under-ascertainment outside the TriNetX network is
addressed in the Limitations. Patient-level missing data could not be quantified, as TriNetX reports only
network-aggregated counts. All analyses used TriNetX's built-in statistical tools.

Results

Study Population
A total of 1,876 patients who underwent Girdlestone resection arthroplasty were identified (Fig. 1). The
pediatric cohort consisted of 87 patients (≤ 18 years) across 25 healthcare organizations, and the adult
cohort consisted of 1,789 patients (> 18 years) across 51 health organizations. No patients were
excluded.

Demographics
Mean age was 15 ± 3 years in the pediatric cohort and 58 ± 19 years in the adult cohort. The pediatric
cohort was 55.2% male and 44.8% female; the adult cohort was 56.0% male and 44.0% female. By race,
the pediatric cohort was 55.2% White, 18.4% Black or African American, 12.6% other race, 11.5% Asian,
and 11.5% Native Hawaiian or Other Pacific Islander; the adult cohort was 72.1% White, 18.2% Black or
African American, 2.6% other, 1.3% Asian, 0.6% American Indian or Alaska Native, and 0.6% Native
Hawaiian or Other Pacific Islander. By ethnicity, the pediatric cohort was 60.9% not Hispanic or Latino,
and 33.3% Hispanic or Latino; the adult cohort was 83.8% not Hispanic or Latino, and 6.4% Hispanic or
Latino. Percentages for race and ethnicity do not sum to 100% due to exclusion of unknown/unreported
status and non-mutually-exclusive race categories in the TriNetX platform.

Diagnostic Profiles
The ten most frequent diagnoses recorded within three months of the index procedure differed markedly
between cohorts (Table 2). The pediatric cohort was characterized by neuromuscular and medically
complex conditions, led by cerebral palsy (28%), epilepsy and recurrent seizures (22%), and scoliosis
(16%). The adult cohort demonstrated a more heterogeneous profile, led by pain (4%), other joint
disorder (4%), pressure ulcer (3%), paraplegia/quadriplegia (3%), and cerebral palsy (3%). The pediatric
cohort thus demonstrated a more concentrated diagnostic profile (most frequent diagnosis present in
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28% of patients) compared with the adult cohort (most frequent diagnosis in 4%). Cerebral palsy
appeared in both cohorts but was far more prevalent among pediatric patients (28% vs 3%).

Table 2
Ten most frequent associated diagnoses among patients undergoing Girdlestone resection arthroplasty,

stratified by age cohort.
≤ 18 years (n = 87) ≥ 19 years (n = 1789)

Diagnosis n % Diagnosis n %

Cerebral palsy 24 28 Pain, unclassified 68 4

Epilepsy and recurrent seizures 19 22 Other joint disorder, unclassified 63 4

Scoliosis 14 16 Pressure ulcer 61 3

Other functional intestinal
disorders

12 14 Essential (primary) hypertension 57 3

Sleep disorders 12 14 Paraplegia/paraparesis and
quadriplegia/quadriparesis

57 3

Symptoms/signs concerning
food and fluid intake

11 13 Cerebral palsy 55 3

Respiratory failure, unclassified 10 11 Gastro-esophageal reflux disease 46 3

Congenital malformations of
trachea and bronchus

10 11 Other disorders of urinary system 44 2

Aphagia and dysphagia 10 11 Other anxiety disorders 44 2

Abnormalities of heart beat 10 11 Other functional intestinal disorders 44 2

Diagnoses are the ten most common within each age cohort, identified by ICD-10 codes. Percentages
represent the proportion of patients within the cohort carrying each diagnosis; because patients may have
multiple diagnoses, column percentages do not sum to 100%.

Postoperative Outcomes
Pain was common in both groups and did not differ significantly by age (57.5% vs. 60.8%; P = 0.575). All
other recorded outcomes occurred exclusively among adults (Table 3). These included decubitus ulcers
(28.3%), pyogenic arthritis (23.6%), osteomyelitis (12.8%), death (11.4%), return to the operating room
(10.0%), sepsis (9.1%), opioid use (11.7%), surgical site infection (5.3%), and heterotopic ossification
(1.1%). All between-group comparisons for these outcomes were statistically significant (P < 0.05),
except for heterotopic ossification (P = 1.000).
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Table 3
Postoperative outcomes following Girdlestone resection arthroplasty (CPT 27122), stratified by age

group.
Outcome Pediatric (≤ 18 year)

n = 87

Adult (> 18 year)

n = 1789

P valuea

Pain 50 (57.5)a 1087 (60.8) 0.575

Opioid use 0 (0) 209 (11.7) < 0.001

Return to OR 0 (0) 179 (10.0) < 0.001

Heterotopic ossification 0 (0) 20 (1.1) 1.000

Decubitus ulcers 0 (0) 507 (28.3) < 0.001

Surgical site infection (deep or superficial) 0 (0) 94 (5.3) 0.020

Pyogenic arthritis 0 (0) 423 (23.6) < 0.001

Osteomyelitis (acute or subacute) 0 (0) 229 (12.8) < 0.001

Sepsis 0 (0) 162 (9.1) < 0.001

Death 0 (0) 204 (11.4) < 0.001

Values are presented as n (%) unless otherwise indicated. Percentages represent the number of patients
with the outcome divided by the cohort size, rounded to one decimal place.

a P values are from two-sided Fisher’s exact test comparing the pediatric and adult cohorts and are not
adjusted for multiple comparisons. Bold values indicate statistical significance (P < 0.05).

OR, operating room.

Discussion
In this large-scale retrospective cohort study of 1,876 patients, a single procedure code (CPT 27122)
identified two clinically distinct populations. Pediatric and adult patients undergoing GRA differed in their
associated diagnoses (Table 2) and postoperative complication profiles (Table 3). This divergence is
consistent with the way GRA is described across two largely separate bodies of literature: a pediatric
neuromuscular salvage operation and an adult salvage operation for infection, failed arthroplasty, and
fracture.3–9,11–16

The pediatric cohort was defined by neuromuscular and medically complex disease. Cerebral palsy
(28%), epilepsy (22%), and scoliosis (16%) were the leading associated diagnoses, followed by
dysphagia, respiratory failure, feeding difficulties, and congenital anomalies, a profile consistent with a
severely affected, non-ambulatory child. This reflects the population described in prior single-institution
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studies in which GRA is performed for painful, dislocated hips in cerebral palsy and related
neuromuscular disorders.11–18 Our data therefore confirm at a national level what previous focused
cohorts have long reported.

In contrast, the adult cohort was defined by acquired joint disease, infection, and systemic comorbidities
(Table 2). The most frequent associated diagnoses were pain, other joint disorders, pressure ulcer, and
paraplegia/quadriplegia. This profile characterizes an older, medically burdened population in which GRA
serves as a salvage option for periprosthetic infection, failed reconstruction, fracture, and their
sequelae.5–10,19 The adult diagnostic and complication profiles demonstrate that the comorbidities
leading patients to undergo GRA are the same conditions that drive their postoperative morbidity.

Morbidity was concentrated predominantly in adults (Table 3). Eight of the ten recorded outcomes
occurred exclusively in the adult cohort, including decubitus ulcers (28.3%), pyogenic arthritis (23.6%),
osteomyelitis (12.8%), death (11.4%), and return to the operating room (10.0%). Each outcome was
defined by the diagnostic and procedural codes listed in Table 1. These rates are broadly consistent with
the complication and mortality burden reported in adult series.5,8,9,19 Most notably, the all-cause
mortality of 11.4% is lower than the mortality reported in fracture-specific cohorts, which more likely
reflects the broader case mix in our study rather than a truly lower-risk population.7,8,20 The coherence
between adult indications and adult outcomes is most apparent for pressure ulceration and infection,
which appeared as both leading diagnoses (Table 2) and leading complications (Table 3).6,10,21 Because
diagnoses were ascertained within a window around the index procedure rather than strictly before it, we
cannot always distinguish a pressure ulcer or infection that was the indication for surgery from one that
followed it, which is a distinction that warrants caution in interpretation.

Pain was the single outcome common to both cohorts and did not differ by age (57.5% vs. 60.8%;
Table 3), consistent with the recognized observation that GRA addresses a structural problem while pain
often persists.3,4,22 Return to the operating room occurred in adults but not in pediatric patients.
Although increasing age has been associated with reduced odds of reimplantation after resection for
infection, our measure captured any reoperation rather than staged reimplantation specifically and
should be interpreted as a related but distinct endpoint.6,23

The absence of recorded complications in the pediatric cohort (Table 3) requires careful consideration. It
appears to conflict with the pediatric literature, as longitudinal cerebral palsy series consistently report
heterotopic ossification, proximal migration, and revision after resection arthroplasty.13,14,17,18 However,
we identified no such events among our 87 pediatric patients. A plausible explanation is under-
ascertainment: administrative coding and a limited follow-up window are unlikely to capture radiographic
heterotopic ossification and staged revisions that dedicated imaging-based cohorts detect over years of
follow-up. We therefore interpret these zero counts as an absence of recorded events rather than
evidence of a low-risk procedure, and we caution explicitly against reading the pediatric results as a
demonstration of safety.
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Prior studies have been drawn exclusively from single-institution series confined to narrow age strata,
either adult or elderly cohorts or pediatric neuromuscular cohorts, leaving the full age spectrum of the
procedure uncharacterized within a single population. By describing both cohorts side by side, our
findings support an age-specific approach to counseling and risk estimation.

This study has several limitations. First, the retrospective design and reliance on deidentified, coded data
preclude causal inference. All findings should be interpreted as associations between age groups and
recorded diagnoses or outcomes. Diagnoses and outcomes were ascertained from ICD-10-CM and CPT
codes rather than chart review and are therefore subject to coding errors, variable documentation, and
the absence of clinical context. Because diagnoses were identified at any time in the record rather than
confined to the perioperative period, the diagnostic profiles reported should be regarded as associated
comorbidity patterns rather than verified surgical indications. Second, the pediatric cohort was small (n 
= 87), and the absence of recorded complications in this group should not be interpreted as the absence
of risk. With this sample size, an observed rate of zero remains consistent with a true rate of up to
approximately 4%. Third, the TriNetX platform reports only the most frequent diagnoses within a cohort
and does not support median, interquartile range, or multivariable analysis through its standard
interface. Consequently, between-group diagnostic comparisons were limited to diagnoses common to
both cohorts. Finally, the network captures care only at participating institutions, so events occurring
outside these organizations such as reoperations, complications, or deaths managed elsewhere may be
incompletely ascertained, potentially underestimating the true complication and mortality rates.

Conclusion
Girdlestone resection arthroplasty encompassed two clinically distinct populations: pediatric patients
with neuromuscular hip disease and adults with acquired joint disease, infection, and systemic
comorbidity. Recorded complications and mortality were concentrated among adults, whereas pain was
common in both groups. Age was therefore associated with markedly different indications and
outcomes, supporting age-specific counseling rather than a single composite risk estimate for this
procedure.
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Figure 1

Cohort Selection. Patients undergoing Girdlestone resection arthroplasty (CPT 27122) were identified in
the TriNetX Research Network and stratified into pediatric (≤18 year) and adults (>18 years) cohorts.
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