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Pigmented villonodular synovitis (PVNS) of knee is an uncommon disease defined as 
benign despite presenting local aggressiveness and high propensity to recurrence. 
Etiology is still not completely understood. It seems to be a chronic inflammation process 
involving synovial membranes characterized by hemosiderin deposition which leads to 
pain, limitation of range of motion and, if not treated, bone erosion and osteoarthritis of 
knee. The gold standard for treatment is surgical excision; other adjuvant or alternative 
therapies are described, too. We present a case series of PVNS of the knee treated with 
surgical excision at our institution. Functionality was assessed using the Muscoloskeletal 
Tumor Society (MSTS) Score for lower limbs and Oxford Knee Score (OKS). Statistical 
analysis were performed. 
At the latest follow-up, our patients’ mean MSTS score was 26.4 (30-18): 27.4 for those 
treated with posterior approach and 26.1 for the anterior ones. Only 5% of patients 
suffered local complications and 15% had a local recurrence of the disease. 
Adequate pre-operative study and careful surgical excision, that should be tailored to 
each patient are the key to obtain a low recurrence rate. 

INTRODUCTION 

Pigmented villonodular synovitis (PVNS) of knee is a rare, 
histopathologically benign but locally destructive disease. 
PVNS is a subtype of tenosynovial giant cell tumors that 
affects synovial membranes, characterized by hemosiderin 
deposition within synovial-lined anatomic spaces.1,2 

Etiology is still debated between a chronic inflammation 
process or a benign neoplastic lesion. Tenosynovial giant 
cell tumors can be classified as localized and diffuse: the 
first form it’s usually extra-articular involving bursae and 
tendons and it’s characterized by a relatively normal syn
ovial appearance while the diffuse type which is the most 
common form, is an intra-articular disease characterized by 
invasion of the contiguous synovium.3 

Typically, PVNS is a monoarticular condition that most 
commonly affects the knee (>75%), while rarely it can in
volve the hip, wrist, ankle and shoulder. As a matter of fact, 
the knee joint has the largest reflections of synovial which 
leads to a higher chance of being involved in synovial disor
ders. Rarely PVNS can be present a malignant features like 
metastases.4,5 

PVNS occurs predominantly in the early to middle age 
and has shown to have no gender predilection, but some 
studies suggest that females are slightly more affected only 
in the context of localized diseased.6 

Onset is insidious with non-specific symptoms like pain, 
swelling and effusion; but from time to time it could run 
completely asymptomatic. Thus diagnosis is often delayed 
for years. 

Magnetic resonance (MR) imaging is the most sensitive 
radiological investigation and it typically shows a mass-like 
synovial proliferation with roughly lobulated margins. Soft 
masses with low signal intensity, due to paramagnetic ef
fect of hemosiderin deposition, and “blooming artifact” ap
pear to be pathognomonic of PVNS.1,7,8 High signal may be 
present in STIR and in T2-weighted images if there are joint 
fluid or inflamed synovium. Bone erosion and subchondral 
cysts may be seen and well defined with Computer Tomog
raphy (CT). However, histopathologic examination of syn
ovial biopsy remains the gold standard to confirm the diag
nosis. 

If not treated PVNS can cause degeneration of the joint 
and osteoarthritis. 
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In order to treat symptoms and prevent joint degenera
tion, choice of treatment for PVNS often leads to surgical 
excision. 

We present a case series of 20 patients consequently 
treated for PVNS of the knee focusing on diagnostic ap
proach, surgical techniques adopted based on disease form 
and localization, and on the relative outcomes. 

MATERIALS AND METHODS 

This single-center retrospective study was approved by our 
local ethics committee and performed in accordance with 
the ethical standards laid down in the 1964 Declaration of 
Helsinki and its later amendments.9 

Our study consisted of a retrospective analysis of 20 con
secutive patients who underwent open synovectomy due to 
PVNS of the knee between July 2016 and July 2020. They 
were 7 males and 13 females, with a mean age of 47.2 (15- 
80) years. In 2 cases the diagnosis of PVNS was incidental, 
while the remaining 18 had complained knee pain, stiffness 
or swelling that brought them to our attention. On average, 
diagnosis was made 6.8 months (0-25) after the onset of 
the symptoms. Each patient underwent pre-operative knee 
MRI, which was used for both diagnosis and surgical plan
ning; the mean size of the neoplasm object of resection was 
35.7mm (18 – 61). Pre-operative functionality was assessed 
using the MSTS Score for lower limbs, whose mean value 
was 21.7 (16-30). 

In light of the mass’ localization, an anterior surgical ap
proach was performed in 15 cases, while a posterior surgical 
approach was performed in 4 cases. One patient, due to the 
size of the huge mass that had to be removed, was treated 
in two separate stages, the first with posterior approach and 
then anterior within 40 days from each other. The mean 
surgical time was 74.5 minutes: 93 (75 – 130) minutes for 
those who underwent posterior approaches and 68.7 (30 - 
130) minutes for the anterior ones. 

For the anterior approach the patient was in supine po
sition with a tourniquet inflated at the thigh; the surgeon 
performed a midline longitudinal skin incision and after
wards a medial or lateral parapatellar arthrotomy, depend
ing on the case. 

For the posterior approach the patient was in prone po
sition with a tourniquet inflated at the thigh; a s-shaped 
incision was made starting from the tendon of the biceps 
femoris then across the popliteal fossa end the medial head 
of the gastrocnemius (fig.1); the neurovascular bundle was 
identified and gently moved in order to explore all the 
anatomic spaces (fig. 2-3). 

In both cases a closed suction drain was placed and the 
wound was closed in layers. 

None of our patients underwent neo-adjuvant or adju
vant systemic treatment nor radiant therapy. 

Postoperative follow-up consisted of serial office visits, 
clinical evaluations and post-operative MRIs. All the com
plications with grade II or higher according to the Clavien – 
Dindo Classification were reported.10 Patients’ global post-
operative performances were evaluated using the MSTS 

Figure 1. Posterior approach to knee.     

Figure 2. Identification and gentle mobilization of      
neurovascular bundle.   

score. In parallel, the OKS was used to assess functional re
sults of both the injured and the contralateral knee. 

Statistical analysis were performed using Stata SE 13 
(StataCorp LLC, College Station, TX). Correlation between 
tumor size and functionality, assessed both before and after 
surgery using MSTS and OKS scores, was calculated using 
the Pearson correlation test. The same test was also used 
to evaluate the link between pre-operative dimension itself 

Surgical management of villonodular-pigmented synovitis of knee: decisional algorithm

Orthopedic Reviews 2

https://orthopedicreviews.openmedicalpublishing.org/article/39644-surgical-management-of-villonodular-pigmented-synovitis-of-knee-decisional-algorithm/attachment/103052.jpeg
https://orthopedicreviews.openmedicalpublishing.org/article/39644-surgical-management-of-villonodular-pigmented-synovitis-of-knee-decisional-algorithm/attachment/103053.jpeg


Figure 3. PVNS excision.   

and the differential among the scores of the two limbs of 
the same patient. For each couple of variables, we obtained 
a correlation value (“r” value) and combined this latter and 
the number of cases under examination (20) to assess its 
significance level (“p” value). Statistical significance was set 
at 0.05 for all endpoints. 

RESULTS 

Clinical and functional results of our population are sum
marized in Table 1. The mean follow-up was 27.9 (56 – 8) 
months. Only 1 patient (5%) suffered local complications of 
grade II or higher according to the Clavien – Dindo clas
sification: a post-operative hematoma treated successfully 
with ultrasound-guided percutaneous drainage. 3 cases 
(15%) had a local recurrence of the disease, all diffuse form 
and respectively 3, 9 and 18 months after surgery (Fig. 4). 

At the latest follow-up, our patients’ mean MSTS score 
was 26.4 (30-18): 27.4 (19-30) for those treated with pos
terior approach and 26.1 (18 – 30) for the anterior ones. 
On average, post-operative values were 4.7 higher than the 
one recorded before the intervention. In 18 cases (90%) the 
post-operative score was increased compared to the pre-
operative one, one case (5%) maintained the same score 
and one last case (5%) saw a slight worsening of her lower 
limb functionality. The mean Oxford Knee Score of the 
injured knees was 41 (19-48), 40.3 for the subpopulation 
treated with anterior approach and 43.2 for those who were 
treated posteriorly. The OKS for contralateral knees was 
44.4, being good or excellent in all our 20 cases and exceed
ing the mean value of the injured knees by 3.4. In 13 cases 
(65%) the injured knee had a lower score compared to the 
healthy one, in 6 cases (30%) the scores were equivalent, 

while in one single patient (5%) the treated knee was more 
performant than the contralateral one. 

Statistical analysis defined not only a negative corre
lation between tumor size and pre-operative MSTS score 
(Pearson correlation coefficient r=-0.474; p=0.035), but also 
an even more marked negative correlation between tumor 
size and the post-operative knee functionality, assessed by 
using the MSTS score (r=-0.651; p=0.002) and the OKS 
(r=-0.659; p=0.002). Our data also seem to suggest a nega
tive correlation between tumor size and the spread between 
the post-operative functionalities of the injured and the 
contralateral knee according to the OKS (r=-0.313). How
ever, the size of our population was not big enough to 
provide any statistically significant evidence in this regard 
(p=0.179). 

DISCUSSION 

PVNS of the knee is a local aggressive condition causing 
loss of motion, pain and if not excised, bone erosion and 
osteoarthritis. Several options of treatment have been de
scribed, however surgical excision is currently considered 
as a gold standard. Depending on the type of PVNS (i.e. 
local or diffuse) surgical excision is usually marginal for 
the nodular variant and intralesional for the diffused form, 
removing all macroscopic visible mass. The difficulty to 
achieve marginal excision, especially for diffuse form, ef
fects a high recurrence rate of PVNS, even when properly 
treated. 

The surgical approach consists in partial or total syn
ovectomy, where total includes synovectomy of the poste
rior compartment; both have been described for managing 
this condition, with varying results. Technically speaking 
the excision can be performed as arthroscopic or open syn
ovectomy, being both valuable options: the first can be 
used for localized and intra-articular forms, the second is 
the best choice for extra-articular or diffuse forms or in 
case of relapse.11–13 Arthroscopic synovectomy requires a 
very careful evaluation of pre-operative MRI to detect if 
the disease involves areas not usually accessed during 
arthroscopy: the access to the posterior knee can be tech
nically demanding and risky for the proximity to important 
nerves and blood vessels. Some authors have described the 
combination of different arthroscopic portals in order to 
explore almost the whole joint, however we believe that 
arthroscopic treatment of PVNS in difficult areas should 
be performed by trained and skilled surgeons.14 Actually, 
omitting compartments difficult to explore arthroscopically 
can dramatically change the recurrence rate in diffuse 
PVNS. On the other hand arthroscopic excision in case of 
nodular forms of PVNS gives good results with a low re
currence rate.15 Open synovectomy certainly allows for bet
ter exposure than arthroscopic approach, however some au
thors report longer hospitalization, longer rehabilitation 
period and the risk of postoperative stiffness of the 
knee.16,17 In our casuistry we did not report any case of 
arthroscopic excision since all patients had diffuse PVNS, 
so we performed exclusively open synovectomy; however 
this did not seem to affect functional recovery, since we 
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Table 1. Our case series.    

N Age 
[y] 

Diagn. 
Delay [m] 

Les. size 
[mm] 

Surgical 
approach 

Pre-Op 
MSTS 

Post-Op 
MSTS 

Post-Op 
OKS (s) 

Post-Op 
OKS (c) 

Post-Op 
TKA (s) 

Complic. Recurr. FU 

1 80 5 30 Anterior 19 20 34 34 Yes None No 45 

2 55 0 25 Anterior 30 30 43 48 No None No 48 

3 45 5 35 Anterior 20 23 34 45 No None No 56 

4 68 10 18 Anterior 25 30 48 48 No None No 13 

5 31 6 61 Anterior 19 18 19 34 No None Yes 23 

6 40 11 45 Anterior 17 27 40 48 No None No 20 

7 63 7 30 Anterior 20 23 36 47 No None Yes 34 

8 21 14 35 Anterior 24 30 48 48 No None No 30 

9 47 8 31 Anterior 25 29 45 48 No None No 19 

10 19 8 20 Anterior 26 30 46 48 No None No 25 

11 50 6 20 Anterior 19 30 48 48 No None No 28 

12 47 0 32 Anterior 24 29 45 48 No None No 8 

13 15 2 19 Anterior 21 30 48 48 No None No 11 

14 76 1 32 Anterior 22 26 43 44 No None No 11 

15 54 25 57 Anterior 23 24 33 30 No Hematoma No 8 

16 
52 11 60 

Anterior 
16 19 35 38 Yes None No 51 

Posterior 

17 31 3 50 Posterior 19 30 46 48 No None No 55 

18 23 3 36 Posterior 25 30 48 48 No None No 19 

19 63 5 45 Posterior 23 28 39 46 No None No 12 

20 64 7 33 Posterior 23 30 48 48 No None Yes 20 

Diagn. Delay = Diagnostic delay. Les. Size = Lesion size. Pre-Op = Pre-operative. Post-op = Post-operative. Complic. = Complications. Recurr. = Local Recurrence. FU = Follow-up. (s) = knee treated with surgery. (c) = contralateral knee. 
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reported a post-operative worsening of limb functionality 
only in 5% of cases. Open synovectomy must be considered 
also in case of spreading of the disease with the detection 
of extra-articular foci at MRI.13,17 

When a total open synovectomy is planned, it is per
formed with two separate incisions in order to explore all 
knee anatomic spaces. The two approaches can be simulta
neous in one single procedure or staged in in two different 
times. Actually both alternatives seem to give good results 
in terms of recurrence and disease control.17,18 However, 
a staged approach can lead to easier rehabilitation, with 
better functional recovery, and allows to shorten surgical 
times and their potential complication.19 When a double 
access was necessary, we preferred staged procedure, ob
taining both good control of disease and functional recov
ery. 

Partial synovectomy has been associated to high rate of 
recurrence ranging from 50% to 75%.12 Other studies report 
a recurrence rate ranging from 14 to 55% even after a to
tal synovectomy.20 We treated all of our patients with open 
synovectomy, partial or total depending on the cases and 
we reported a percentage of 15% of recurrence. 

Currently also some forms of adjuvant therapy such as 
radiosynovectomy via intra-articular injection or external 
beam radiation have been described.13,21,22 These thera
pies seems to be effective but they do not give any ad
vantage in terms of recurrence over surgery alone; that 
is why most authors believe the key to preventing recur
rence is meticulous surgical synovectomy. Moreover, con
sidering the potential risks of these procedures, especially 
skin necrosis, wound dehiscence, pathologic fractures and 
secondary malignancy, it is best to reserve adjuvant thera
pies to recurrent diffuse forms of PVNS.13,23 

Our casuistry consisted in a series of patients with knee 
diffused PVNS treated all with open synovectomy with an
terior or posterior approach, except for one case who had 
both approaches. The recurrence rates are consistent with 
literature results, even if the short follow up can be con
sidered as a limit. As predictable, we found a negative cor
relation between size and spread of disease and functional 

Figure 4. Kaplan-Meier survival curve that describes the risk of local recurrences in our population.              

recovery, however also in this case the exiguous number 
of patients was a limit in order to prove statistical signifi
cancy. 

CONCLUSION 

In our experience, a thorough study of preoperative MRI 
and an optimal surgical exposure were the key to obtain 
good results; the knowledge of anatomy and the awareness 
in performing all surgical approaches to the knee allows for 
optimal excision reducing thus the recurrence rate in the 
short-middle time. Moreover we believe that staging the 
different approaches could be helpful in obtaining a good 
recovery, especially in complicated patients. Finally, in very 
challenging cases a multidisciplinary approach, including 
an experienced surgeon, an oncologist and a radiation spe
cialist is mandatory. 

AUTHORS’ CONTRIBUTIONS 

Fabio Cosseddu - design of the study, drafting the manu
script and interpretation of data; 

Edoardo Ipponi – conception of the study and statistical 
analysis; 

Alfio Damiano Ruinato – data collection and drafting of 
intro; 

Sheila Shytaj – drafting of manuscript and interpretation 
of data; English revision; 

Rodolfo Capanna – critically revision of the manuscript 
for important intellectual content; 

Lorenzo Andreani – critically revision of content and final 
approval of definitive version; 

CONFLICT OF INTEREST 

All Authors that have contributed to this work declare no 
have any conflict of interest or funding. 

Surgical management of villonodular-pigmented synovitis of knee: decisional algorithm

Orthopedic Reviews 5

https://orthopedicreviews.openmedicalpublishing.org/article/39644-surgical-management-of-villonodular-pigmented-synovitis-of-knee-decisional-algorithm/attachment/103055.png


REFERENCES 

1. Murphey MD, Rhee JH, Lewis RB, Fanburg-Smith 
JC, Flemming DJ, Walker EA. Pigmented villonodular 
synovitis: radiologic-pathologic correlation. 
Radiographics. 2008;28(5):1493-1518. doi:10.1148/r
g.285085134 

2. Ottaviani S, Ayral X, Dougados M, Gossec L. 
Pigmented villonodular synovitis: a retrospective 
single-center study of 122 cases and review of the 
literature. Semin Arthritis Rheum. 2011;40(6):539-546. 
doi:10.1016/j.semarthrit.2010.07.005 

3. Granowitz SP, D’Antonio J, Mankin HL. The 
pathogenesis and long-term end results of pigmented 
villonodular synovitis. Clin Orthop. 
1976;114:335-351. 

4. Cosseddu F, Shytaj S, Sacchetti F, et al. Malignant 
pigmented villonodular synovitis: a brief literature 
review and a case report. Clin Cases Miner Bone 
Metab. 2019;16:181-185. 

5. Bertoni F, Unni KK, Beabout JW, Sim FH. 
Malignant giant cell tumor of the tendon sheaths and 
joints (malignant pigmented villonodular synovitis). 
Am J Surg Pathol. 1997;21(2):153-163. doi:10.1097/00
000478-199702000-00004 

6. Mastboom MJL, Verspoor FGM, Verschoor AJ, et al. 
Higher incidence rates than previously known in 
tenosynovial giant cell tumors. Acta Orthop. 
2017;88(6):688-694. doi:10.1080/17453674.2017.1361
126 

7. Friedman T, Chen T, Chang A. MRI diagnosis of 
recurrent pigmented villonodular synovitis following 
total joint arthroplasty. HSS J. 2013;9(1):100-105. do
i:10.1007/s11420-012-9283-y 

8. Garner HW, Ortiguera CJ, Nakhleh RE. Pigmented 
villonodular synovitis. Radiographics. 
2008;28(5):1519-1523. doi:10.1148/rg.285075190 

9. Goodyear MDE, Krleza-Jeric K, Lemmens T. The 
declaration of Helsinki. BMJ. 
2007;335(7621):624-625. doi:10.1136/bmj.39339.6100
00.be 

10. Clavien PA, Barkun J, de Oliveira ML, et al. The 
Clavien-Dindo classification of surgical 
complications: five-year experience. Ann Surg. 
2009;250(2):187-196. doi:10.1097/sla.0b013e3181b13
ca2 

11. de Visser E, Veth RPH, Pruszczynski M, Wobbes T, 
Van de Putte LBA. Diffuse and localized pigmented 
villonodular synovitis: Evaluation of treatment of 38 
patients. Arch Orthop Trauma Surg. 
1999;119(7-8):401-404. doi:10.1007/s004020050009 

12. De Ponti A, Sansone V, Malcherè M. Result of 
arthroscopic treatment of pigmented villonodular 
synovitis of the knee. Arthroscopy. 
2003;19(6):602-607. doi:10.1016/s0749-8063(03)0012
7-0 

13. Chin KR, Barr SJ, Winalski C, Zurakowski D, Brick 
GW. Treatment of advanced primary and recurrent 
diffuse pigmented villonodular synovitis of the knee. 
J Bone Joint Surg Am. 2002;84(12):2192-2202. doi:10.2
106/00004623-200212000-00011 

14. Louisia S, Charrois O, Beaufils P. Posterior “back 
and forth” approach in arthroscopic surgery on the 
posterior knee compartments. Arthroscopy. 
2003;19(3):321-325. doi:10.1053/jars.2003.50082 

15. Ogilvie-Harris DJ, McLean J, Zarnett ME. 
Pigmented villonodular synovitis of the knee. The 
results of total arthroscopic synovectomy, partial, 
arthroscopic synovectomy, and arthroscopic local 
excision. J Bone Joint Surg Am. 1992;74(1):119-123. do
i:10.2106/00004623-199274010-00015 

16. Zvijac JE, Lau AC, Hechtman KS, Uribe JW, Tjin-A-
Tsoi EW. Arthroscopic treatment of pigmented 
villonodular synovitis of the knee. Arthroscopy. 
1999;15(6):613-617. doi:10.1053/ar.1999.v15.015061 

17. Flandry FC, Hughston JC, Jacobson KE, Barrack 
RL, McCann SB, Kurtz DM. Surgical treatment of 
diffuse pigmented villonodular synovitis of the knee. 
Clin Orthop Relat Res. 1994;300:183???192. doi:10.10
97/00003086-199403000-00024 

18. Tyler WK, Vidal AF, Williams RJ, Healey JH. 
Pigmented Villonodular Synovitis. J Am Acad Orthop 
Surg. 2006;14(6):376-385. doi:10.5435/00124635-200
606000-00007 

19. Wu CC, Pritsch T, Bickels J, Wienberg T, Malawer 
MM. Two incision synovectomy and radiation 
treatment for diffuse pigmented villonodular 
synovitis of the knee with extra-articular component. 
The Knee. 2007;14(2):99-106. doi:10.1016/j.knee.200
6.10.014 

20. Fecek C, Carter KR. Pigmented villonodular 
synovitis. StatPearls [Internet]. Published online 2020. 

Surgical management of villonodular-pigmented synovitis of knee: decisional algorithm

Orthopedic Reviews 6

https://doi.org/10.1148/rg.285085134
https://doi.org/10.1148/rg.285085134
https://doi.org/10.1016/j.semarthrit.2010.07.005
https://doi.org/10.1097/00000478-199702000-00004
https://doi.org/10.1097/00000478-199702000-00004
https://doi.org/10.1080/17453674.2017.1361126
https://doi.org/10.1080/17453674.2017.1361126
https://doi.org/10.1007/s11420-012-9283-y
https://doi.org/10.1007/s11420-012-9283-y
https://doi.org/10.1148/rg.285075190
https://doi.org/10.1136/bmj.39339.610000.be
https://doi.org/10.1136/bmj.39339.610000.be
https://doi.org/10.1097/sla.0b013e3181b13ca2
https://doi.org/10.1097/sla.0b013e3181b13ca2
https://doi.org/10.1007/s004020050009
https://doi.org/10.1016/s0749-8063(03)00127-0
https://doi.org/10.1016/s0749-8063(03)00127-0
https://doi.org/10.2106/00004623-200212000-00011
https://doi.org/10.2106/00004623-200212000-00011
https://doi.org/10.1053/jars.2003.50082
https://doi.org/10.2106/00004623-199274010-00015
https://doi.org/10.2106/00004623-199274010-00015
https://doi.org/10.1053/ar.1999.v15.015061
https://doi.org/10.1097/00003086-199403000-00024
https://doi.org/10.1097/00003086-199403000-00024
https://doi.org/10.5435/00124635-200606000-00007
https://doi.org/10.5435/00124635-200606000-00007
https://doi.org/10.1016/j.knee.2006.10.014
https://doi.org/10.1016/j.knee.2006.10.014


21. Shabat S, Kollender Y, Merimsky O, et al. The use 
of surgery and yttrium 90 in the management of 
extensive and diffuse pigmented villonodular 
synovitis of large joints. Rheumatology. 
2002;41(10):1113-1118. doi:10.1093/rheumatology/4
1.10.1113 

22. Blanco CER, Leon HO, Guthrie TB. Combined 
partial arthroscopic synovectomy and radiation 
therapy for diffuse pigmented villonodular synovitis 
of the knee. Arthroscopy. 2001;17(5):527-531. doi:1
0.1053/jars.2001.24068 

23. Kramer D, Frassica F, Frassica D, Cosgarea A. 
Pigmented Villonodular Synovitis of the Knee 
–Diagnosis and Treatment. J Knee Surg. 
2009;22(03):243-254. doi:10.1055/s-0030-1247756 

Surgical management of villonodular-pigmented synovitis of knee: decisional algorithm

Orthopedic Reviews 7

https://doi.org/10.1093/rheumatology/41.10.1113
https://doi.org/10.1093/rheumatology/41.10.1113
https://doi.org/10.1053/jars.2001.24068
https://doi.org/10.1053/jars.2001.24068
https://doi.org/10.1055/s-0030-1247756

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	Authors’ contributions
	Conflict of interest

	References

