
Common Non-Neoplastic Orthopedic Surgical 
Pathology Problems

Scott E. Kilpatrick, M.D.
Director, Orthopedic Pathology & Co-Director, ePathology

(Telepathology)
Cleveland Clinic





Common Bone Pathology 
Specimens

Revision arthroplasties
Femoral heads/knee arthroplasty
Gangrenous/infectious amputations
Arthroscopic shavings
Synovial and tenosynovial biopsies
Loose bodies
Exostoses



What are the options for Periprosthetic Joint 
Infection (PJI) and why is it important to recognize?

When a hip, knee, or shoulder replacement fails, is it aseptic loosening or 
infection?

Options for surgery:
1. Debridement and prosthesis retention.
2. Resection arthroplasty with reimplantation (1 or 2 stages). One-stage: same surgery, 
debridement, and systemic antibiotic tx                                                                                
Two-stage: joint spacer with antibiotic tx, 4-6 weeks, debridement, and re-implantation 
when infection considered controlled.
3. Resection arthroplasty with no reimplant.

4. Amputation.



Periprosthetic Joint Infection
Symptomatic/loose 

TKA/THA/TSA

Infectious 
etiology?

Staged revision   
with antibiotic        

spacer

Aseptic etiology?

Direct 
reimplantation



Antiobiotic Spacers – Wide variety of static, 
dynamic, and mold injected types



Frozen Section Criteria for Infection
Mirra et al, 1982 > 5 PMNs, ≥ 5 separate HPF excluding fibrin

Fehring & McAlister, 
1994

Evidence of acute inflammation

Athanasou et al, 1995 > 5 PMNs, lymphocytes, or plasma cells/HPF in
≥ 10 HPF

Feldman et al, 1995 > 5 PMNs/HPF in ≥ 5 HPF

Lonner et al, 1996 > 10 PMNs/HPF in ≥ 5 HPF

Abdul-Karim et al, 1998 > 5 PMNs, ≥ 5 separate HPF excluding fibrin

Spangehl et al, 1999 ≥ 10 PMNs/HPF in ≥ 10 HPF



What is the definition of Periprosthetic Joint 
Infection (PJI)

Major Criteria

1. 2 + Periprosthetic 
cultures with 
phenotypically identical 
organisms, or

2. A sinus tract 
communicating with a 
joint.

Minor Criteria 

>3 of the following:
1. Inc. CRP AND ESR
2. Inc. Synovial fluid WBC 

count OR ++change on 
leukocyte esterase test strip.

3. Inc Synovial fluid PMN%
4. + histological analysis of 

periprosthetic tissue.
5. A single positive culture.

Musculoskeletal Infection Society (MSIS) and American Academy of Orthopedic Surgeons (AAOS).
Diagnosis of Periprosthetic Joint Infection. In: Proceedings of the International Consensus Meeting on Periprosthetic Joint 

Infection.



Histologic Features

PJI
• Neutrophils, at least 5 per 

high-power field in at least 
5 total fields

Aseptic Loosening
• Granular histiocytes
• Foreign body giant cells
• Polarizable material 

(polyethylene debris)
• Opaque or refractile 

particles (metal, barium, 
other)

• Granulomatous 
inflammation

Bauer and Hayashi. The Role of the Pathologist in Diagnosing Periprosthetic 
Infection. Surgical Pathology Clinics 2012;5:67-77



Arthroplasty Effect



Arthroplasty Effect (Polarized)



Periprosthetic Membrane: Best place to look for PJI



Pay especially close attention to fibrin surface and loose 
granulation like tissue! If not sure, don’t call it.



Periprosthetic Infection Pathology 
Pitfalls

• Neutrophils in surface fibrin

• Lobulated lymphocytes

• Marginating  or intravascular neutrophils

• Normal bone marrow neutrophils

• Neutrophils in the setting of inflammatory 
or crystalline arthropathies



Ok, so you have a frozen section, what do you do? 
What do you say?

1. Don’t call it unless you’re sure. Watch out for lobulated lymphocytes.
2. Scan the slide for loose or cellular areas. Concentrate on the interface 

of tissue with fibrin (but don’t count fibrin)
3. Make sure you are not looking at bone marrow!
4. For equivocal cases, check the lab data. ESR or CRP.
5. Avoid the word “infection” in the report. Remember you are reporting 

a “minor” criteria.
6. Report, “Negative for significant acute inflammation” or “Significant 

acute inflammation”.



• Alpha defensin, synovial fluid biomarker, neutrophil elastase 2, released by 
neutrophils in presence of bacteria.

• Sensitive, specific test when performed on synovial fluid, esp. when combined 
with CRP (Deirmengian et al. J Bone Joint Surg 2014;96:1439-45)

• Useful in setting of systemic inflammatory disease, patients treated with 
antibiotics

Synovasure 
Alpha 
Defensin 
Test



Infections (Osteomyelitis)
• Defined by bone destruction + inflammation
• Usually bacterial and predominantly neutrophils 

(acute)
• Lymphocytes and occasionally histiocytes may 

dominate, but in most cases (in general) 
inflammatory cells predominant.

• Chronic osteomyelitis, fibrous background, 
chronic mixed inflammatory infiltrate with 
histiocytes.

• Granulomatous inflammation is typical of 
sarcoidosis and tuberculosis.



Acute Osteomyelitis
Primary Secondary



Acute Osteomyelitis



Chronic Osteomyelitis



Complications of long-standing chronic osteomyelitis





Squamous cell carcinoma (SCC) vs. 
Pseudocarcinomatous squamous hyperplasia (PSH)

1. Both may be associated with osteomyelitis and osteonecrosis.
2. Both may involve bone.
3. SCC most frequently complicates the same sites as is most often seen in 

osteomyelitis.
4. PSH most often arises in the mandible and maxilla and may arise in an area 

treated for SCC, often XRT, oral mucosa.
5. Mass, large infiltrative nests, keratin pearls, perineural invasion favor SCC.
Reference: Spasic S, et al. Pseudocarcinomatous squamous hyperplasia involving bone. 
A diagnostic pitfall mimicking squamous cell carcinoma. Am J Surg Pathol 2021;45:263-
269.



Gross Evaluation at the Clinic

You should be pathologically examining joint arthroplasty specimens !



Degenerative Joint Disease
(Osteoarthritis)



Early Pathologic Changes: Degenerative Joint 
Disease



Late Pathologic Changes: Degenerative Joint Disease





Rapidly Destructive Degenerative 
Joint Disease (Neuropathic Joint)



Loose Bodies

• Osteocartilaginous loose bodies

• Osteochondritis dissecans

• Synovial chondromatosis



Osteocartilaginous Loose Body 



Primary Synovial 
Chondromatosis



Osteochondritis dissecans
- Form of 

osteonecrosis, 
associated with joint 
trauma.

- Shearing of a 
segment of articular 
cartilage with 
subchondral bone.

- Joint pain and 
limitation of 
movement.

- Adolescents.
- Defect lateral aspect 

of the medial femoral 
condyle.

- Reattachment or 
removal.



Osteochondritis dissecans



Avascular Necrosis. Why is it important to 
establish this diagnosis?

Incidence & Demographics
1. Relatively common, up to 

30,000 patients annually in 
USA.

2. 30-50 years of age.
3. Most idiopathic, but 

predisposing conditions 
steroid use, alcohol abuse, 
prior trauma, collagen 
vascular disease, etc. 

4. Femoral head most 
common.

5. Etiology unknown.

Clinical Features
1. Painful.
2. Untreated invariably leads 

to OA/DJD
3. Increased risk of 

contralateral involvement 
(or elsewhere).

4. Hope to reduce risk of 
disease elsewhere if 
correctly recognized and 
behaviors modified.

5. May influence survival of 
prosthesis. 

Goker B, Block JA. Risk of contralateral avascular necrosis (AVN) after total hip arthroplasty 
(THA) for non-traumatic ischemic AVN. Rheumatol Int 2006;26:215-9.



Avascular Necrosis



Avascular Necrosis



Clinical Dx Total # Cases DJD AVN

DJD 1559 1497 (96%) 62 (4%)

AVN 163 26 (16%) 137 (84%)

Total 1722 1523 (88.4%) 199 (11.6%)

Pathologic Diagnosis



Dermawan JT, et al. Am J Clin Pathol 2021;155:565-574

Analysis of Preoperative radiology 
• Of 62 AVN cases clinically thought to have 

OA/DJD, 58 had plain films and 5 also had MRI. 
Only 2 (3%) documented AVN, based solely on 
plain film features.

• Of 26 OA/DJD cases clinically thought to be AVN, 
all had plain films and 6 also had MRI and 1 also 
had CT. The radiology suggested AVN in 17 
(65%) cases (6 also had MRI).

• Of 137 AVN cases in which there was 
concordance with clinical findings, all but one had 
radiology reports and 128 (94%) correctly 
suggested the diagnosis of AVN. 

A radiologic diagnosis of AVN was 
significantly more likely to be rendered 
among younger patients (mean age, 52 
years) compared with older patients (mean 
age, 64 years; Student t, P =.0001) and 
among patients with known risk factors 
compared with those lacking such risk 
factors (chi squared, P = .00013). 



Radiology DJD but Pathology AVN



Radiology AVN but Pathology DJD



DiCarlo and Klein, Am J Clin Pathol 2014;141:111-118

Clinical Dx Total # Cases DJD AVN

DJD 6150 (7227 total)* 5938 (82.2%) 212 (2.9%)

AVN 263 (300 total)* 58 (19.3%) 205 (68.3%)

Total 6413 5996 417

Pathologic Diagnosis

*Total includes other pathologic dx’es inc. trauma/fracture, inflammation, etc.

Approximately 51% of the pathologically 
confirmed AVN cases were not recognized 
preoperatively! 



Features of the Common Crystalline Diseases 

Age: 30-50 yr >50 yr 10-40 yr
Site: 1st MTP joint Knee Hips
Shape: Needle Rhomboid Large plates
Type: Uric acid Ca++ Pyrophosphate Ca Hydroxyapatite

Polar: + Strong negative + Weak positive -

H&E: - Lost w/processing + +

Inflamm rxn: + - +

Chondroid 
meta: - + -

Gout Pseudogout Tumoral Calcinosis



Gouty Arthritis and Tophi: Radiology and Pathology

Most likely to be associated with osteomyelitis! 



Gouty Arthritis and Tophi



CPPD
Calcium 
Pyrophosphate 
Dihydrate Deposits 
(Pseudogout)

Note: virtually no 
inflammatory 
response! 

And weakly 
polarizable! 

Most likely to be incidental!



Soft Tissue 
Chondroma 
with calcium 
pyrophosphate 
dehydrate 
deposits



Findings:
- 9% of knees, 13% of shoulders, and 

3% of hips had CPPD
- Joint capsule, meniscus, and 

synovium, rarely articular cartilage 
surface (3%)

- ONLY 21% (30% of knees, 8% of 
hips, 10% of shoulders) detected 
preoperatively and/or 
radiographically.

- Reliably establishing the diagnosis 
of CPPD requires pathologic 
examination, particularly of the 
submitted soft tissue/joint 
capsule/meniscus. 



Tumoral Calcinosis

Most common crystals!



Thank you! 


	Common Non-Neoplastic Orthopedic Surgical Pathology Problems�
	Slide Number 2
	Common Bone Pathology Specimens
	What are the options for Periprosthetic Joint Infection (PJI) and why is it important to recognize?
	Periprosthetic Joint Infection
	Slide Number 6
	Slide Number 7
	��What is the definition of Periprosthetic Joint Infection (PJI)�
	Histologic Features
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Periprosthetic Infection Pathology �Pitfalls
	Ok, so you have a frozen section, what do you do? What do you say?
	Slide Number 16
	Infections (Osteomyelitis)
	Acute Osteomyelitis
	Slide Number 19
	Chronic Osteomyelitis
	Slide Number 21
	Slide Number 22
	Squamous cell carcinoma (SCC) vs. Pseudocarcinomatous squamous hyperplasia (PSH)
	Slide Number 24
	�Degenerative Joint Disease�(Osteoarthritis)
	�Early Pathologic Changes: Degenerative Joint Disease�
	�Late Pathologic Changes: Degenerative Joint Disease�
	Slide Number 28
	��Rapidly Destructive Degenerative Joint Disease (Neuropathic Joint)�
	Loose Bodies
	Slide Number 31
	Slide Number 32
	Osteochondritis dissecans
	Slide Number 34
	��Avascular Necrosis. Why is it important to establish this diagnosis?
				Avascular Necrosis
					   Avascular Necrosis
	Slide Number 38
	Dermawan JT, et al. Am J Clin Pathol 2021;155:565-574
	Radiology DJD but Pathology AVN
	Radiology AVN but Pathology DJD
	DiCarlo and Klein, Am J Clin Pathol 2014;141:111-118
		Features of the Common Crystalline Diseases 
	Gouty Arthritis and Tophi: Radiology and Pathology
			Gouty Arthritis and Tophi
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Tumoral Calcinosis
	Slide Number 50

