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Abstract

Background Reporting of complications after total hip

arthroplasty (THA) is not standardized, and it is done in-

consistently across various studies on the topic.

Advantages of standardizing complications include im-

proved patient safety and outcomes and better reporting in

comparative studies.

Questions/purposes The purpose of this project was to

develop a standardized list of complications and adverse

events associated with THA, develop standardized defini-

tions for each complication, and stratify the complications.

A further purpose was to validate these standardized THA

complications.

Methods The Hip Society THA Complications Work-

group proposed a list of THA complications, definitions for

each complication, and a stratification scheme for the

complications. The stratification system was developed

from a previously validated grading system for complica-

tions of hip preservation surgery. The proposed

complications, definitions, and stratification were validated

with an expert opinion survey of members of The Hip

Society, a case study evaluation, and analysis of a large
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administrative hospital system database with a focus on

readmissions.

Results One hundred five clinical members (100%) of

The Hip Society responded to the THA complications

survey. Initially, 21 THA complications were proposed.

The validation process reduced the 21 proposed compli-

cations to 19 THA complications with definitions and

stratification that were endorsed by The Hip Society

(bleeding, wound complication, thromboembolic disease,

neural deficit, vascular injury, dislocation/instability,

periprosthetic fracture, abductor muscle disruption, deep

periprosthetic joint infection, heterotopic ossification,

bearing surface wear, osteolysis, implant loosening, cup-

liner dissociation, implant fracture, reoperation, revision,

readmission, death).

Conclusions Acceptance and use of these standardized,

stratified, and validated THA complications and adverse

events could advance reporting of outcomes of THA and

improve assessment of THA by clinical investigators.

Level of Evidence Level V, therapeutic study.

Introduction

THA is one of the most clinically successful and cost-

effective medical procedures developed during the last

century. In 2007, The Lancet called THA ‘‘the operation of

the century’’ [9]. The use and total expenditure of THA is

increasing [8], and THA is one of the largest line item costs

for the Centers of Medicare & Medicaid Services [2]. Such

growth in demand comes with increased scrutiny from

many sources, and numerous stakeholders seek to better

measure outcomes in THA, including device-related com-

plications, adverse events, and complications surrounding

the surgical procedure and the perioperative time period.

Patients, health plans, and government entities are de-

manding increased accountability in health care, and

complication rates are often used as a proxy for quality.

Peer exercises such as morbidity and mortality conferences

have a long tradition, but public reporting of complications

requires a consistent methodology, standardized reporting,

and validated evaluation instruments. Unfortunately, com-

plication reporting in most medical and surgical specialties

is not standardized or validated. Goldhahn et al. [5] per-

formed a systematic review of randomized controlled

clinical trials in the orthopaedic literature, and they deter-

mined there was no consistent, standard, universal

reporting of complications in orthopaedic surgery.

The purpose of this Hip Society project is to improve

complication reporting for THA by developing a stan-

dardized list of THA complications. This follows an

analogous set of projects done by The Knee Society in

2013 and 2014 for complications after TKA [6, 7]. We

sought to create standardized definitions for THA compli-

cations and stratify those complications according to

severity and impact of the complication on patient

outcome.

Materials and Methods

The Hip Society (http://www.hipsoc.org/web/goals.html) is

an orthopaedic specialty organization based in the United

States whose mission is ‘‘to advance knowledge of hip

disorders, promote evidence based treatment, and refine

surgery of the hip in order to improve the lives of patients.’’

The Hip Society is a selective professional organization

composed of orthopaedic surgeons and researchers who

have made substantial contributions to advancing knowl-

edge and improving treatment of hip disorders through

writing, lecturing, and teaching others. Members of The

Hip Society are generally acknowledged as experts re-

garding THA.

In 2011 The Hip Society Board of Directors established

a Total Hip Arthroplasty Complications Workgroup con-

sisting of the authors of this article. The work began with a

goal of developing a standardized list of the ‘‘minimum

necessary’’ complications and adverse events required for

accurate reporting of outcomes of THA. Further goals were

to create standardized definitions for these THA compli-

cations and to develop a system for stratification and

validation of the THA complications.

The THA Complications Workgroup reviewed the

orthopaedic literature on THA outcomes and surveyed the

medical and surgical literature on complication reporting.

The Workgroup developed a list of THA complications

with a definition for each complication, and they correlated

the THA complications with International Classification of

Diseases, 9th Revision codes. Conditions that could not be

clearly defined as complications or adverse events directly

related to the THA operation were not included on the list;

eg, medical complications (cardiac, pulmonary, renal, etc),

anesthetic issues (nausea, arrhythmias, memory loss, etc),

and poor functional outcomes were not included.

An expert opinion survey of members of The Hip So-

ciety was conducted to test the reasonableness and general

applicability of the proposed THA complications. For each

proposed complication or adverse event, members of The

Hip Society were asked, ‘‘Do you agree with the inclusion

of the complication as among the minimum necessary for

reporting outcomes of total hip arthroplasty?’’ and ‘‘Do you

agree with this definition?’’ In addition, Hip Society

members were asked for comments and suggestions re-

garding additional complications to add to the list,

complications to delete from the list, and revisions of the

proposed definitions. One hundred five clinical members
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(100%) of The Hip Society responded to the survey, and

members provided a total of 568 comments and

suggestions.

Responses to the yes/no questions were evaluated with

chi-square tests. We determined that an item (complica-

tion) was acceptable if at least 60% of the respondents/

members responded with an affirmative response ‘‘yes.’’

The THA Complications Workgroup also reviewed lit-

erature regarding stratification of surgical complications.

The Workgroup specifically focused on reports from Cla-

vien et al. [3] and Dindo et al. [4] regarding general surgery

complications and Sink et al. [11] regarding hip preserva-

tion surgery. In addition, the Workgroup evaluated the

work of The Knee Society regarding TKA complications

and stratification of TKA complications [6, 7]. Based on

this literature review, a scheme was developed for

stratifying THA complications (Table 1).

Validity and reasonableness of the THA complications

and adverse events were assessed three ways. First, mem-

bers of The Hip Society were asked to endorse the THA

complications and definitions with an expert opinion sur-

vey. Second, a clinical case evaluation method was used to

validate this work. Clinical case examples with clinical and

radiographic data were developed for each of the proposed

THA complications. One case example was developed for

each proposed complication. The case examples were

evaluated by 61 orthopaedic surgeons with subspecialty

expertise in adult reconstruction and 15 adult reconstruc-

tion postgraduate fellows (typically Postgraduate Year 6).

For the clinical case evaluation, agreement of 80% was

deemed necessary to validate the proposed definitions and

stratification. This is a higher bar of concordance than was

suggested by our statistician for analysis of The Hip So-

ciety expert opinion survey. Third, in an effort to further

validate this project, an administrative database of Medi-

care readmissions at New York University Langone

Medical Center was used to analyze the THA complica-

tions. Readmitted patients enrolled in the New York

University Langone Medical Center–Hospital for Joint

Diseases Bundled Payment Care Initiative during 2013

were examined. This readmitted population included 53

patients readmitted within 90 days of their index THA.

Results

Based on this work from the THA Complications Work-

group, 19 THA complications/adverse events and their

definitions were endorsed by The Hip Society including:

bleeding, wound complication, thromboembolic disease,

neural deficit, vascular injury, dislocation/instability,

periprosthetic fracture, abductor muscle disruption, deep

periprosthetic joint infection, heterotopic ossification,

bearing surface wear, osteolysis, implant loosening, cup-

liner dissociation, implant fracture, reoperation, revision,

readmission, and death (Table 2). This list evolved from

the following process.

Initially, 21 ‘‘minimum necessary’’ THA complications

and adverse events with 21 specific definitions were pro-

posed by the THA Complications Workgroup. These

proposed THA complications were then evaluated by the

expert opinion survey of members of The Hip Society. The

workgroup addressed the comments and suggestions from

the survey and revised the list and the definitions of the

THA complications. Twenty of the 21 proposed compli-

cations and associated definitions were initially endorsed

by The Hip Society survey.

The second methodology used to analyze the proposed

complications was clinical case evaluations. This process

validated 13 of the 20 proposed THA complications

(bleeding, wound complication, thromboembolic disease,

neural deficit, vascular injury, dislocation/instability,

periprosthetic fracture, abductor muscle disruption, deep

periprosthetic joint infection, heterotopic ossification, im-

plant loosening, cup liner dissociation, and implant

fracture) (Table 3).

Bearing surface wear and osteolysis did not achieve

80% concurrence from the clinical case evaluators. The

bearing surface wear case achieved 77% agreement. Al-

ternative assignments for this case include osteolysis (17%)

Table1. Stratification of THA complications

Grade Definition

Grade 1 Complication requires no treatment and has no clinical relevance; no deviation from routine followup; allowed

therapeutic regimens include: antiemetics, antipyretics, analgesics, diuretics, electrolytes, antibiotics (no treatment)

Grade 2 Complication requires slight change in care with low intensity outpatient treatment (nonoperative treatment)

Grade 3 Complication requires unplanned surgical treatment, prolonged hospital admission, or readmission (operative treatment

and/or admission)

Grade 4 Complication is associated with a limb-threatening or life-threatening event, which requires immediate invasive

treatment

Grade 5 Death
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Table 2. Definitions and stratification of THA complications*

Number Complication Definition Stratification

1 Bleeding Postoperative bleeding requiring surgical

treatment (ICD-9 998.11)

• Grades 1 and 2 are not applicable

• Grade 3, 4, or 5 depending on severity

2 Wound complication Failure of wound healing requiring reoperation

or a change in THA protocol (ICD-9 998.32)

• Grade 1 is not applicable

• Grade 2 or 3

depending on severity

• Grade 4 or 5 if complications arise from

treatment

3 Thromboembolic

disease

Symptomatic thromboembolic event requiring

more intensive, nonprophylactic anticoagulant

or antithrombotic treatment during the first

3 months after index THA (ICD-9 453.40)

• Grade 1 is not applicable

• Grade 2, 3, 4, or 5 depending on

severity

4 Neural deficit Postoperative neural deficit (sensory or motor)

related to the index THA (ICD-9 997.09)

• Grade 1–3 if complete recovery

• Grade 4 if permanent disability

• Grade 5 if complications arise from

treatment

5 Vascular injury Intraoperative vascular injury requiring surgical

repair, bypass grafting, or stenting

(compartment syndrome or amputation should

be reported) (ICD-9 997.20)

• Grade 1 is not applicable

• Grade 3, 4, or 5 depending on severity

6 Dislocation/instability Dislocation of the femoral head out of the

acetabulum or recurrent symptomatic

subluxation of the hip (direction of instability

and type of treatment should be recorded)

(ICD-9 996.42)

• Grade 1, 2, or 3 depending on severity

• Grade 4 or 5 if complications arise from

treatment

7 Periprosthetic facture Periprosthetic fracture of the proximal femur or

the acetabulum (intraoperative fracture or

postoperative fracture should be recorded)

(operative of nonoperative treatment should be

recorded) (ICD-9 996.44)

• Grade 1 not applicable

• Grade 2 for nonoperative treatment

• Grade 3 for operative treatment

• Grade 4 or 5 if more complications arise

from treatment

8 Abductor muscle

disruption

Symptomatic abductor dysfunction, which was

not present before the operation, associated

with positive Trendelenburg sign and use of an

ambulatory assist (cane, crutch, walker) for

treatment of limp or weakness (nonoperative

treatment should be recorded) (ICD-9 727.69)

• Grade 1 is not applicable

• Grade 2 for nonoperative treatment

• Grade 3 for operative treatment

• Grade 4 or 5 if more complications arise

from treatment

9 Deep periprosthetic

joint infection

A deep periprosthetic joint infection can be

diagnosed when there is a sinus tract

communicating with the prosthesis; or a

pathogen is isolated by culture from at least

two separate tissue or fluid samples obtained

from the affected prosthetic joint; or 4 of the

following 6 criteria exist: elevated ESR and

serum CRP concentration, elevated synovial

WBC count; elevated synovial PMN; presence

of purulence in the affected joint; isolation of

a microorganism in one culture of

periprosthetic tissue or fluid; or[ 5

neutrophils/high-power field in 5 high-power

fields observed from histologic analysis of

periprosthetic tissue at x 400 magnification

(reference) (ICD-9 996.66)

• Grades 1 and 2 are not applicable

• Grade 3 if treated successfully

• Grade 4 if resection arthroplasty or

permanent disability occurs

• Grade 5 if more complications arise

from treatment

10 Heterotopic ossification Symptomatic heterotopic ossification at 1 year

after operation associated with stiffness,

reduced ROM, and radiographic grade of

Brooker III or IV (ICD-9 728.13)

• Grades 1 and 2 not applicable

• Grade 3 for operative treatment

• Grade 4 for permanent disability

• Grade 5 if more complications arise

from treatment
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and implant loosening (3%). Based on the fact that bearing

surface wear, osteolysis, and implant loosening are inti-

mately related in the interpretation of this clinical scenario,

bearing surface wear was validated as a THA complication.

The osteolysis case also achieved 77% concurrence from

the clinical case evaluators. Eighteen percent of the eval-

uators assigned this case to implant loosening. Based on the

fact that osteolysis and implant loosening are intimately

related in the interpretation of this clinical scenario, oste-

olysis was validated as a THA complication (Table 3).

The leg length discrepancy case achieved only 71%

agreement from the clinical case evaluators in the valida-

tion process. Alternative assignments for this case included

dislocation (11%) and revision (9%). Neither of these al-

ternative conditions is related to leg length discrepancy.

Furthermore, leg length discrepancy was initially endorsed

by only 73% of members of The Hip Society in the expert

opinion survey, and several comments from the expert

opinion survey recommended omitting this condition from

the list of complications. Based on underwhelming en-

dorsement by members of The Hip Society, a clear

recommendation to not include this condition, lack of an

accepted formal definition, and failure to achieve 80%

agreement in the clinical case validation process, leg length

discrepancy was deleted from the list of proposed THA

complications.

Table 2. continued

Number Complication Definition Stratification

11 Bearing surface wear Wear of the bearing surface that is symptomatic

or requires operation (ICD-9 996.46)

• Grades 1 and 2 are not applicable

• Grade 3 for operative treatment

• Grades 4 or 5 if more complications

arise from treatment

12 Osteolysis Expansile lytic lesion adjacent to one of the

implants that is greater than or equal to 1 cm

in any one dimension or increasing in size on

serial radiographs/CTs (ICD-9 996.45)

• Grades 1 and 2 are not applicable

• Grade 3 for operative treatment

• Grades 4 or 5 if more complications

arise from treatment

13 Implant loosening Implant loosening confirmed intraoperatively or

identified radiographically as a change in

implant position or a progressive radiolucent

line at the bone-cement or bone-implant

interface (ICD-9 996.41)

• Grades 1 and 2 are not applicable

• Grade 3 for operative treatment

• Grade 4 or 5 if more complications arise

from treatment

14 Cup-liner dissociation Dissociation of the cup liner from the acetabular

shell (ICD-9 996.47)

• Grades 1 and 2 are not applicable

• Grade 3 for operative treatment

• Grade 4 or 5 if more complications arise

from treatment

15 Implant fracture Implant fracture (specific implant should be

recorded) (ICD-9 996.43)

• Grades 1 and 2 are not applicable

• Grade 3 for operative treatment

• Grade 4 or 5 if more complications arise

from treatment

16 Reoperation Return to the operating room related to the index

THA (reasons for reoperation should be

recorded)

• Grades 1 and 2 are not applicable

• Grade 3 for operative treatment

• Grade 4 or 5 if more complications arise

from treatment

17 Revision Removal or exchange of one or more of the THA

implants (acetabular cup, acetabular liner,

femoral head, femoral stem)

• Grades 1 and 2 are not applicable

• Grade 3 for operative treatment

• Grade 4 or 5 if more complications arise

from treatment

18 Readmission Admission to the hospital for any reason during

the first 90 days after THA (reasons for

admission and relation to index THA should

be recorded)

• Grades 1 and 2 are not applicable

• Grade 3 for operative treatment

• Grade 4 or 5 if more complications arise

from treatment

19 Death Death occurring for any reason during the first

90 days after THA (cause of death and

relation to index THA should be recorded)

• Grades 1, 2, 3, and 4 are not applicable

• Grade 5

* See Table 3 for grading scheme; ICD-9 = International Classification of Diseases, 9th Revision; ESR = erythrocyte sedimentation rate;

CRP = C-reactive protein; WBC = white blood cell count; PMN = polymorphonuclear cells.
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Four of the THA complications (reoperation, revision,

readmission, and death) are required objective outcome

data points that did not require validation (Table 3).

The third method chosen to analyze the proposed com-

plications, review of readmissions in an administrative

database, showed that the most common reason for read-

mission was for a general, nonsurgical intervention (51%):

postsurgical pain, bacteremia/sepsis, gastrointestinal com-

plications, pulmonary disease, genitourinary complications,

and endocrine disturbances. Eight unique THA complica-

tions were observed in this cohort: bleeding, wound

complication, thromboembolic disease, dislocation/insta-

bility, periprosthetic fracture, deep periprosthetic joint

infection, readmission, and revision, all of which are in-

cluded in the proposed THA complications.

The 19 THA complications endorsed by The Hip Society

were stratified for severity using a modification of the Sink

classification of complications associated with hip preser-

vation surgery [11] (Table 1). This stratification scheme was

used previously for stratifying TKA complications [7] and

progresses from complications requiring no treatment and

having no clinical relevance to death (Table 1).

Discussion

Complications and adverse events after THA can com-

promise patient outcomes, increase hospital readmissions,

decrease patient satisfaction, and increase healthcare cost.

Despite the clinical success of THA [9], complications

after THA can be expected despite reasonable and safe

care, and rates of complications after total joint arthro-

plasty can vary considerably among hospitals [1].

Complication reporting can identify potential problems

with patient selection, surgical techniques, joint implants,

and postoperative care regimens [10]. It has also been

suggested that standardized reporting of THA complica-

tions can improve patient safety and outcomes along with

standardizing research assessments [5].

In general, reporting of THA complications and adverse

events is not standardized. Different investigators report

different complications with different definitions. Further-

more, all THA complications are not equal. Stratification of

complications can increase clinical applicability and im-

prove the clarity of research. The goal of the THA

Complications Workgroup was to identify, define, and

stratify THA complications. Previously, standardized

complications for TKA were reported by The Knee Society

[6, 7].

This report has several important limitations, which the

reader should consider when interpreting and/or imple-

menting our work. First, the orthopaedic literature does not

have consensus definitions for many of the conditions

proposed. Second, information regarding THA complica-

tions was collected from surgeon- and researcher-generated

publications. Patient input was not solicited or used in this

Table 3. Validation of THA complications: clinical case method

THA complication First choice agreement Second choice agreement Third choice agreement

1. Bleeding 85% 8% wound complication 6% reoperation

2. Wound complication 88% 11% reoperation

3. Thromboembolic disease 100%

4. Neural deficit 98% 2% vascular

5. Vascular injury 88% 11% bleeding

6. Dislocation/instability 89% 11% cup/liner dissociation

7. Periprosthetic fracture 100%

8. Abductor muscle disruption 100%

9. Deep periprosthetic joint infection 98%

10. Heterotopic ossification 95%

11. Bearing surface wear 77% 17% osteolysis 3% loosening

12. Osteolysis 77% 18% loosening

13. Implant loosening 88% 8% leg length

14. Cup-liner dissociation 80% 11% wear

15. Implant fracture 100%

16. Reoperation N/A

17. Revision N/A

18. Readmission N/A

19. Death N/A

N/A = not applicable.
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project, which may have altered this list of complications

and adverse events. Third, the project relies on an expert

opinion review for validation of the THA complications,

which by definition is Level V evidence. The THA Com-

plications Workgroup believes that the expert opinion

survey of members of The Hip Society is valid because

members of The Hip Society are generally considered ex-

perts and teachers regarding THA, and thousands of THA

operations delivered over several decades provide the

foundation for their opinions. Fourth, the validation process

includes clinical scenarios, which can be interpreted dif-

ferently by different clinicians, and many of the conditions

described are a continuum of outcomes without clearcut

boundaries of an adverse event or complication. A fifth and

important limitation of this project and report is the fact

that this article is not a legal document, and it does not

intend to define a standard of care.

Nineteen THA complications with definitions and stratifi-

cation are endorsed by The Hip Society as a result of this

project (Table 1). This list of THA complications excluded

several conditions and adverse events associated with hip

arthroplasty because they were difficult to define; they may

have been preexisting conditions; they were difficult to as-

sociate with the index THA; they were not endorsed by the

expert opinion survey; and/or they were not validated by the

validation process.Adverse events thatwere excluded include

hypotension related to polymethylmethacrylate, pressure

sores, leg length discrepancy, persistent hip pain after THA,

and patient dissatisfaction with the procedure. Pressure sores

were excluded by the expert opinion survey. Leg length dis-

crepancy was excluded for lack of a consensus definition,

minimal support in the expert opinion survey, and failure to be

validated in the clinical case evaluation. Leg length discrep-

ancy was excluded despite the fact that this condition is a

frequent cause of patient dissatisfaction and litigation. Med-

ical complications such as cardiac events, pulmonary

compromise, renal failure, change in mental status, etc, can

compromise the outcome after hip arthroplasty, but they were

not included as specific complications after THA because

these conditions may or may not be associated with the op-

eration and perioperative care.

All conditions included in this list of THA complications

and adverse events affect patient outcome. However, all of

these conditions, and all of the stratified grades of these

conditions, are not true complications of the operation or

postoperative care. Some of the conditions are adverse

events. For example, suture or staple erythema is not awound

complication, and all THAs have some blood loss without

being labeled a bleeding complication. Additionally, an in-

fection 2 years after the index THA is not defined as a

perioperative periprosthetic infection, but it is clearly an

adverse event for the patient. Furthermore, bearing surface

wear can lead to osteolysis and a revision operation, but it is

not a complication of the original THA. However, bearing

surface wear can be an adverse event for the patient, and it is

important in evaluating patient outcome. Several conditions

were included as complications with a provision in the

definition that the condition is ‘‘symptomatic’’ for the pa-

tient. For example, some wear of the bearing surface is

normal and expected with any hip arthroplasty. However,

wear that leads to reoperation or revision must be considered

at least an adverse event for the patient. Hence, both com-

plications and adverse events provide valuable information

when evaluating patient outcome.

Complications and adverse events are associated with all

medical and surgical treatments. By identifying and defining

complications and adverse events associated with THA, this

project intended to improve quality and safety for THA. This

article is intended to assist surgeons, researchers, health

plans, and government officials in evaluating the surgical

results and patient outcomes after hip arthroplasties. This

project did not intend to identify problems that suggest a hip

arthroplasty was not planned or performed correctly. This

article is not intended as a legal document, and the authors

specifically reject the notion that these THA complications

and adverse events define substandard care. As noted earlier,

and again emphasized, complications can be associated with

medical treatments and surgical procedures despite the de-

livery of reasonable and safe care.

We believe this standardized list of 19 THA complications

with standardized definitions and stratification endorsed by

The Hip Society will improve reporting of THA outcomes if

they are endorsed and adopted by orthopaedic surgeons,

orthopaedic professional societies, orthopaedic investigators,

and orthopaedic journals. We suggest that clinical trials and

THAoutcome studies will be enhanced if these complications

and their definitions and stratifications are used. Ultimately,

standardization of reporting of THA outcomes and compli-

cations could lead to improved patient selection, surgical

procedures, clinical protocols, hip implants, and patient out-

comes for THA. It is clear in the evolving world of healthcare

accountability that it is preferable for hip surgeons themselves

to define THA complications and adverse events rather than

be forced to accept the suggestions of others.
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