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Hypothesis: Chondrolysis can be a devastating complication of shoulder arthroscopy. We undertook
a review of the 100 cases reported in the English language to test the hypothesis that common factors
could be identified and that the identification of these factors could suggest strategies for avoiding this
complication.
Materials and methods: We systematically reviewed the English language literature and identified
16 articles reporting 100 shoulders in which postsurgical glenohumeral chondrolysis had developed.
Results: The average reported patient age was 27 � 11 years at the time of surgery; 35 were women. The
most common indications for surgery were instability (n ¼ 68) and superior labrum anteroposterior lesions
(n ¼ 17). In 59 cases, chondrolysis was reported to be associated with the use of intra-articular pain pumps.
The infusate was known to include bupivacaine in 50 shoulders and lidocaine in 2. Radiofrequency
capsulorrhaphy was performed in 2 shoulders.
Discussion: Fifty-nine percent of the reported cases of glenohumeral chondrolysis occurred with the
combination of arthroscopic surgery and postarthroscopy infusion of local anesthetic. The arthroscopic
operations observed with chondrolysis were not limited to stabilization procedures, and the infused
anesthetic was not limited to bupivacaine.
Conclusion: In that postoperative infusion of local anesthetic and radiofrequency may not be essential to
the success of shoulder arthroscopy, surgeons may wish to consider the possible risks of their use.
Level of evidence: Systematic Review
� 2010 Journal of Shoulder and Elbow Surgery Board of Trustees.
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The term chondrolysis refers to the complete loss of a
joint’s articular cartilage as the result of the destruction of
chondrocytes and dissolution of the cartilage matrix.
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progressive, severe, and refractory loss of shoulder comfort
and function.2,6,12-16,18,19,21-26,29,32,35-37 Glenohumeral
chondrolysis has been reported after relatively minor
shoulder surgeries, especially arthroscopic surgery for
instability.2,6,12-16,18,19,21-26,29,32,35-37 It appears to be parti-
cularly prevalent when the procedure is combined with a
number of different factors, including radiofrequency or
laser capsulorrhaphy and the infusion of intra-articular
local anesthetic after arthroscopy.3,6,14-16,18,23,24,30,34 We
w Surgery Board of Trustees.
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Table I Summary of clinical findings of literature review)

Variable Outcome

Shoulders, No. 100
Patients, No. 95
Males, No.y 42

y
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systematically reviewed the English language literature on
glenohumeral chondrolysis to help define some of the
features common to reports of this devastating complica-
tion. We anticipated that this review would contribute to
our understanding of this devastating condition and stimu-
late further investigation of its cause and prevention.
Females, No. 35
Age, y

Mean (SD) 27 (11.9)
Range 13-64

Arthroscopic surgery, No. 96
Open surgery, No. 4
Instability procedures, No. 68

Bankart repairs for instability 30
Capsular plication for instability 38

Superior labrum anteroposterior
repairs, No.

17

Rotator cuff repairs, No.
Open 4
Arthroscopic 1

Rotator cuff débridements, No 8
Capsular releases, No 4
Cases using suture anchors, No 63
Cases using radiofrequency, No 34

Radiofrequency capsulorrhaphies, No 28
Radiofrequency only for releases
or débridements, No

6

Radiofrequency used in subacromial
space only, No

0

Laser capsulorrhaphies, No 3
Intra-articular dye, No 4
Intra-articular pain pump, No 59
Bupivacaine in infusate,

No. (concentration range)
50 (0.25%-2%)

Lidocaine in infusate,
No. (concentration range)

2 (unknown)

Epinephrine in infusate,
No. (concentration range)

19 (unknown)

Flow rate range in cases where it was
specified, mL/h

2-6.25

Days between arthroscopic surgery and 254 (42-730)
Materials and methods

Approval from the Institutional Review Board (IRB #33869) at
our institution was granted before we reviewed patient records.

Literature search

We attempted to identify all articles describing cases of
glenohumeral chondrolysis published in the English language
literature before July 1, 2009. Search terms used with the
PubMed search engine included shoulder, glenohumeral, and
chondrolysis. Twenty-three articles were identified and
reviewed,2,3,6,12-16,18,19,21-26,29,30,32,34-37 and 16 were used in the
literature review. Seven articles were excluded, comprising 3
reports of nonhuman basic science experiments,12,13,21 1 edito-
rial,25 1 review article of previously published literature,22 1 case
report related to a gunshot wound26 and one case of idiopathic
chondrolysis.19 The 16 remaining articles reported 100 cases of
glenohumeral chondrolysis in 95 patients. Three of the coauthors
(P.T.S., J.C., J.R.L.) reviewed each of these articles, seeking
patient demographics, presurgical diagnosis, findings at surgery,
procedure performed, procedure details, postoperative pain pump
usage, subsequent clinical course, radiographic findings, and
findings at revision surgery.

Data presentation

The information on the 100 shoulders in the literature is presented
in Table I. The population from which these cases were derived is
not known, so the frequency of the occurrence of chondrolysis
cannot be estimated from these reports.
symptoms onset, average (range)
Days between arthroscopic surgery and

radiographic diagnosis of chondrolysis
Average (SD) 307 (270)
Range 90-1095
Cases reported, No. 35

Days between arthroscopic surgery and
nonarthroplasty revision surgery
Average (SD) 591 (491)
Range 105-1095
Cases reported, No. 15

Average number of days
between arthroscopic surgery and
arthroplasty revision surgery
(SD, range, number of cases
in which the data were reported)

930 (630,
270-2520, 29)

SD, Standard deviation.
) Data represent the number of shoulders with the finding.
y Gender was not identified for 23 patients in the literature review.
Results

The information from the systematic literature review is
summarized in Table I. Most of the arthroscopic surgeries
were performed for instability or superior labrum ante-
roposterior tears. At the time of the index procedure, 6% of
the shoulders had documented grade 1 and 2 chondral
changes. Postoperative infusion of local anesthetics through
a pain pump occurred in 59% of the shoulders with chon-
drolysis. The most common local anesthetic was bupiva-
caine, but lidocaine was used in 2 cases. Intra-articular
radiofrequency probes were used in 34% of the shoulders,
28 for capsulorrhaphy and 6 for débridement. Eleven
shoulders had both the use of radiofrequency intra-
opratively and pain pumps postoperatively.
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Unexpected postoperative pain, stiffness, and crepitation
were the most common initial symptoms of chondrolysis.
The average time between the index surgery and the first
documentation of symptoms was 254 days (range, 42-730
days); however, that the actual onset of symptoms was
likely to have been much sooner. The radiographic findings
are summarized in Table II. Figs. 1 and 2 show the radio-
graphic appearance of a shoulder before and after the onset
of chondrolysis.

Thirty-seven shoulders underwent nonarthroplasty revi-
sion surgeries, such as capsular releases or débridement,
and 54 underwent shoulder arthroplasty surgery (Table III).
Typical findings at surgery for chondrolysis are shown in
Figs. 3 and 4. Microbiologic cultures were taken during
secondary surgeries in 41 cases with only 3 cases reporting
growth, all with Pseudomonas acnes. No other mention of
positive cultures was found.
Figure 1 Anteroposterior radiograph of a left shoulder before
arthroscopic surgery shows normal radiographic joint space and
congruent joint surfaces.
Discussion

Factors reported in cases of chondrolysis

Our literature review on glenohumeral chondrolysis
revealed that this condition has been observed in cases in
which intra-articular dyes, thermal capsulorrhaphy, certain
sutures and suture anchors, and the postarthroscopic intra-
articular infusion of local anesthetics were used. Until the
advent of arthroscopic surgery, glenohumeral chondrolysis
was very rare. Only 4 cases had been reported, and all of
these were related to the use of Gentian violet dye in the
‘‘color test’’ to identify and localize rotator cuff tears.36,37

Thermal capsulorrhaphy has been used in shoulder
arthroscopic procedures for instability because of its ability
to denature the triple helical collagen molecule.17,31,38 Its
use has been implicated in the pathogenesis of chon-
drolysis.6,14,18,25 Multiple authors observed that thermal
capsulorrhaphy and radiofrequency capsular release could
be complicated by attenuation of the capsule, axillary nerve
injury, and chondrolysis.1,8,22,32,33
Table II Summary of radiographic findings from the litera-
ture review

Finding No.

Joint space narrowing 46
Humeral cysts 24
Glenoid cysts 25
No osteophytes 19
Minor osteophytes 3
Major osteophytes 0
Osteopenia 1
Humeral bone loss 5
Central glenoid wear 13
Anterior glenoid wear 0
Suture material and bioabsorbable anchors have been
implicated in the development of synovitis and osteolysis of
the shoulder secondary to foreign body reaction.2,4,7,10,11

Hansen et al16 reviewed the records of 152 patients (177
shoulders) who underwent arthroscopic shoulder surgery,
and chondrolysis developed in 12 (6.8%). Chondrolysis
Figure 2 Anteroposterior radiograph of the same shoulder in
Fig. 1 at 11 months after arthroscopic surgery and postoperative
infusion of a solution of bupivacaine and lidocaine shows loss of
radiographic joint space, joint incongruity, and cyst formation at
the humeral articular surface.



Table III Summary of treatment of cartilage loss from the
literature review

Treatment No.

Hemi-arthroplasty 26
Humeral resurfacing 7
Meniscal allograft 14
Other tissue interposition 12
Osteoarticular allograft 8
Total shoulder 14

Figure 4 Surgical photograph shows a right glenoid fossa at the
time of arthroplasty for severe chondrolysis.
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developed in 63% of 19 patients who underwent arthro-
scopic capsular stabilization with postoperative intra-
articular pain pumps infusing bupivacaine and epinephrine.

Gomoll et al12 investigated the effect of bupivacaine and
bupivacaine plus epinephrine infusion on lapine articular
cartilage.39 Although they noted decreased sulfate uptake
and cell viability in the treated joints, a follow-up study
revealed no permanent impairment of chondrocyte func-
tion, cell viability, or histologic grade.13

The interpretation of the results of this systematic review
are subject to several limitations. The number of shoulders
from which these cases were drawn is unknown; as a result,
the relative risk or hazard ratios for the use of intra-articular
infusion of local analgesics or for the use of intra-articular
radiofrequency cannot be determined. Although it is
possible that these interventions have been used safely in
many patients, it is also possible that many cases of
chondrolysis after their use have gone unreported. Despite
these limitations, several observations may be made
regarding chondrolysis:

First, chondrolysis is a devastating complication of
shoulder surgery in young active individuals undergoing
relatively minor surgical procedures, including patients
with no prior evidence of arthritis.
Figure 3 Surgical photograph shows a right humeral head at the
time of arthroplasty for severe chondrolysis.
Second, chondrolysis is characteristically observed with
arthroscopic rather than open surgery. Although it is not
known whether shoulder arthroscopy increases the risk of
chondrolysis, it is of note that in shoulder arthroscopy, the
glenohumeral joint is perfused under pressure for an
extended period with a solution that does not have the same
temperature, oxygenation, pH, viscosity, and nutrient
composition as normal joint fluid. The infusion pressure in
arthroscopy may exceed that demonstrated to cause tissue
ischemia in compartmental syndromes.27,28

Third, chondrolysis can be observed with the post-
operative infusion of a solution that does not have the same
temperature, oxygenation, pH, viscosity, and nutrient
composition as normal joint fluid.

Fourth, chondrolysis observed with the postsurgical
infusion of local anesthetics occurs with various local
anesthetics, with or without the inclusion of epinephrine.

Fifth, although the definitive diagnosis of chondrolysis is
typically delayed, the case histories strongly suggest that the
postoperative course is one of unexpected and often
progressive pain and stiffness that can develop in the early
postoperative course but may also be delayed for some time.

Sixth, the radiographic and pathologic findings of
chondrolysis are remarkably consistent, consisting of the
total loss of the articular cartilage on both the glenoid and
the humeral joint surfaces. This pattern is not one that
would be expected from a mechanical cause, but rather one
that would be expected from a global hypoxic, malnutri-
tional, autoimmune, or toxic etiology.5,9,12,13,20
Conclusion
A review of the available literature indicates that chon-
drolysis can be observed after arthroscopic surgery in
individuals of either gender undergoing surgery for
instability, superior labrum anteroposterior lesions, and
rotator cuff disorders. Chondrolysis can occur in patients
in a broad age range and with many routine arthroscopic
procedures. Most of the reported cases have been
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associated with the postarthroscopic infusion of local
anesthetic (bupivacaine or lidocaine, with and without
epinephrine). The second most common association
has been with the use of intra-articular radiofrequency
energy for capsulorrhaphy. Surgeons should consider
avoiding the use of these interventions unless they are
essential to the treatment of the shoulder pathology.
Disclaimer

Dr Matsen discloses he has received payments from a
commercial entity related to the subject of this article. The
other authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from any
commercial entity related to the subject of this article.

References

1. Anderson K, Warren RF, Altchek DW, Craig EV, O’Brien SJ. Risk

factors for early failure after thermal capsulorrhaphy. Am J Sports

Med 2002;30:103-7.

2. Athwal GS, Shridharani SM, O’Driscoll SW. Osteolysis and arthrop-

athy of the shoulder after use of bioabsorbable knotless suture anchors.

A report of four cases. J Bone Joint Surg Am 2006;88:1840-5. (doi:10.

2106/JBJS.E.00721).

3. Bailie DS, Ellenbecker T. Severe chondrolysis after shoulder

arthroscopy: A case series. J Shoulder Elbow Surg 2009;18:742-7.

(doi:10.1016/j.jse.2008.10.017).

4. Burkart A, Imhoff AB, Roscher E. Foreign-body reaction to the bio-

absorbable Suretac device. Arthroscopy 2000;16:91-5 (doi:

S0749806300703136[pii]).

5. Chu CR, Izzo NJ, Papas NE, Fu FH. In vitro exposure to 0.5%

bupivacaine is cytotoxic to bovine articular chondrocytes. Arthroscopy

2006;22:693-9. (doi:10.1016/j.arthro.2006.05.006).

6. Ciccone WJ, Weinstein DM, Elias JJ. Glenohumeral chondrolysis

following thermal capsulorrhaphy. Orthopedics 2007;30:158-60.

7. Clavert P, Warner JJ. Panacryl synovitis: fact or fiction? Arthroscopy

2005;21:200-3. (doi:10.1016/j.arthro.2004.10.015).

8. D’Alessandro DF, Bradley JP, Fleischli JE, Connor PM. Prospective

evaluation of thermal capsulorrhaphy for shoulder instability: indications

and results, two- to five-year follow-up. Am J Sports Med 2004;32:21-33.

9. Dragoo JL, Korotkova T, Kanwar R, Wood B. The effect of local

anesthetics administered via pain pump on chondrocyte viability. Am J

Sports Med 2008;36:1484-8 (doi: 10.1177/0363546508318190).

10. Edwards DJ, Hoy G, Saies AD, Hayes MG. Adverse reactions to an

absorbable shoulder fixation device. J Shoulder Elbow Surg 1994;3:230-3.

11. Ejerhed L, Kartus J, Funck E, Kohler K, Sernert N, Karlsson J.

A clinical and radiographic comparison of absorbable and non-

absorbable suture anchors in open shoulder stabilization. Knee Surg

Sports Traumatol Arthrosc 2000;8:349-55.

12. Gomoll AH, Kang RW, Williams JM, Bach BR, Cole BJ. Chondrolysis

after continuous intra-articular bupivicaine infusion: An experimental

model investigating chondrotoxicity in the rabbit shoulder. J Arthroscopic

Rel Surg 2006;22:813-9. (doi:10.1016/j.arthro.2006.06.006).

13. Gomoll AH, Yanke AB, Kang RW, et al. Long-term effects of bupi-

vacaine on cartilage in a rabbit shoulder model. Am J Sports Med

2008;37:72-7 (doi: 10.1177/0363546508323748).
14. Good CR, Shindle MK, Kelly BT, Wanich T, Warren R. Glenohumeral

chondrolysis after shoulder arthroscopy with thermal capsulorrhaphy.

J Arthroscopic Rel Surg 2007;23. 797.el-97e5 (doi:10.1016/j.arthro.

2007.03.092).

15. Greis PE, LeGrand A, Burks RT. Bilateral shoulder chondrolysis

following arthroscopy. A report of two cases. J Bone Joint Surg Am

2008;90:1338-44 (doi: 10.2106/JBJS.G.01004).

16. Hansen B, Beck C, Beck E, Townsley R. Post-arthroscopic gleno-

humeral chondrolysis. Am J Sports Med 2007;35:1628-34 (doi: 10.

1177/0363546507304136).

17. Hayashi K, Thabit G 3rd, Massa KL, et al. The effect of thermal

heating on the length and histologic properties of the glenohumeral

joint capsule. Am J Sports Med 1997;25:107-12.

18. Jerosch J, Aldawoudy A. Chondrolysis of the glenohumeral joint

following arthroscopic capsular release for adhesive capsulitis: a case

report. Knee Surg Sports Traumatol Arthrosc 2007;15:292-4 (doi 10.

1007/s00167-006-0112-z).

19. Kahan A, Amor B, Benhamou C-L. Rapidly progressive idiopathic

chondrolysis simulating tuberculosis of the shoulder. J Rheum 1983;

10:291-3.

20. Karpie JC, Chu CR. Lidocaine exhibits dose- and time-

dependent cytotoxic effects on bovine articular chondrocytes in

vitro. Am J Sports Med 2007;35:1621-7 (doi: 10.1177/03635465

07304719).

21. Kincaid SA, Rudd RG, Evander SA. Lipids of normal and osteo-

chondritic cartilage of the immature canine humeral head. Am J Vet

Res 1985;46:1060-5.

22. Levine WN, Bigliani LU, Ahmad CS. Thermal capsulorrhaphy.

Orthopedics 2004;27:823-6.

23. Levine WN, Clark AM Jr, D’Alessandro DF, Yamaguchi K.

Chondrolysis following arthroscopic thermal capsulorrhaphy to treat

shoulder instability. A report of two cases. J Bone Joint Surg Am

2005;87:616-21 (doi: 10.2106/JBJS.D.02158).

24. Levy JC, Virani NA, Frankle MA, Cuff D, Pupello DR,

Hamelin JA. Young patients with shoulder chondrolysis following

arthroscopic shoulder surgery treated with total shoulder arthro-

plasty. J Shoulder Elbow Surg 2008;17:380-8. (doi:10.1016/j.jse.

2007.11.004).

25. Lubowitz JH, Poehling GG. Glenohumeral thermal capsulorrhaphy

is not recommendeddshoulder chondrolysis requires additional

research. J Arthroscopic Rel Surg 2007;23:687 (doi: 0.1016/j.arthro.

2007.05.001).

26. Mahirogullari M, Cilli F, Akmaz I, Pehlivan O, Kiral A. Acute

arthroscopic removal of a bullet from the shoulder. Arthroscopy 2007;

23. 676.el-67e3 (doi:10.1016/j.arthro.2006.01.022).

27. Matsen FA 3rd, Winquist RA, Krugmire RB. Diagnosis and

management of compartmental syndromes. J Bone Joint Surg Am

1980;62:286-91.

28. Matsen FA 3rd, Wyss C, Krugmire RB, Simmons CW, King RV.

The effects of limb elevation and dependency on local arterio-

venous gradients in normal human limbs with particular reference

to limbs with increased tissue pressure. Clin Orthop 1980;150:

187-95.

29. McCarty LP, Cole BJ. Reconstruction of the glenohumeral joint using

a lateral meniscal allograft to the glenoid and osteoarticular humeral

head allograft after bipolar chondrolysis. J Shoulder Elbow Surg 2007;

16:e20-4. (doi:10.1016/j.jse.2006.10.018).

30. McNickle AG, L’Heureux DR, Provencher MT, Romeo AA, Cole BJ.

Postsurgical glenohumeral arthritis in young adults. J Sports Med

2009;37:1784-91 (doi: 10.1177/0363546509333481).

31. Naseef GS 3rd, Foster TE, Trauner K, Solhpour S, Anderson RR,

Zarins B. The thermal properties of bovine joint capsule. The basic

science of laser- and radiofrequency-induced capsular shrinkage. Am J

Sports Med 1997;25:670-4.

32. Petty DH, Jazrawi LM, Estrada LS, Andrews JR. Glenohumeral

chondrolysis after shoulder arthroscopy: case reports and review of the



6 P.T. Scheffel et al.

ARTICLE IN PRESS
literature. Am J Sports Med 2004;32:509-15.

33. Rath E, Richmond JC. Capsular disruption as a complication of

thermal alteration of the glenohumeral capsule. Arthroscopy 2001;17:

E10 (doi: 10.1053/jars.2001.20101).

34. Saltzman M, Mercer DM, Bertelsen A, Warme W, Matsen FA.

Postsurgical chondrolysis of the shoulder. Orthopedics 2009;32:

215.

35. Sanders TG, Zlatkin MB, Paruchuri NB, Higgins RW. Chondrolysis of

the glenohumeral joint after arthroscopy: findings on radiography and

low-field-strength MRI. Am J Radiol 2007;188:1094-8 (doi: 10.2214/

AJR.05.1477).
36. Shibata Y, Midorikawa K, Koga T, Honjo N, Naito M. Chondrolysis of

the glenohumeral joint following a color test using gentian violet. Int

Orthop (SICOT) 2001;25:401-3.

37. Tamai K, Higashi A, Cho S, Yamaguchi T. Chondrolysis of the

shoulder following a ‘color-test’dassisted rotator cuff repairda

report of 2 cases. Acta Orthop Scand 1997;68:401-2.

38. Wall MS, Deng XH, Torzilli PA, Doty SB, O’Brien SJ, Warren RF.

Thermal modification of collagen. J Shoulder Elbow Surg 1999;8:339-44.

39. Williams JM, Ongchi DR, Thonar EJ. Repair of articular cartilage injury

following intra-articular chymopapain-induced matrix proteoglycan

loss. J Orthop Res 1993;11:705-16 (doi: 10.1002/jor.1100110513).


	Glenohumeral chondrolysis: A systematic review of 100 cases from the English language literature
	Materials and methods
	Literature search
	Data presentation

	Results
	Discussion
	Factors reported in cases of chondrolysis

	Conclusion
	Disclaimer
	References


