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Abstract
Background

Pigmented villonodular synovitis (PVNS) is a locally aggressive, proliferative synovial tissue disorder, the
optimal treatment regimen for diffuse PVNS is still unde�ned. The aim of this study was to evaluate the
long-term clinical outcome of the treatment of complete arthroscopic synovectomy combined with low-
dose external radiotherapy in the knee affected by primary intra-articular diffuse PVNS.

Methods

A series of 18 patients diagnosed with primary diffuse PVNS by clinical and pathological examination
were enrolled in this study from May 2009 to January 2016. All patients underwent
complete      arthroscopic synovectomy and postoperative local low-dose (20 Gy) external radiotherapy,
and were evaluated before treatment and �nal follow-up using the criteria of Ogilvie-Harris and
International Knee Documentation Committee (IKDC) score.

Results

The patients were followed-up for a mean of 68 months (35 to 120 months). No recurrence was found.
No surgical and radiation-related complications were observed. The mean score according to Ogilvie-
Harris criteria was 3.19 which rated as poor, and the IKDC function score was 37.1±3.8 before treatment.
At the �nal follow-up, the mean score of Ogilvie-Harris was 8.79 which rated as good, and the IKDC score
was 83.9±11.3 (p<0.05).

Conclusion

Treatment for primary intra-articular diffuse PVNS in the knee with complete arthroscopic synovectomy
and postoperative low-dose external radiotherapy had good clinical outcome with no complication and
recurrence. 

Background
Pigmented villonodular synovitis (PVNS) is a locally aggressive, proliferative synovial tissue disorder [1].
It affects the synovial lining of joints, tendon sheaths and bursas, and may invade and destroy
surrounding soft tissue and bone. The annual incidence has been calculated as 1.8 cases per million
population [2]. PVNS may be intra- or extra-articular, and is classi�ed by clinical presentation and
biological behavior as localized or diffuse [3]. Diffuse forms are mainly intra-articular and affect the knee
joint [4]. The presenting symptoms of diffuse PVNS are mainly spontaneous swelling, diffuse non-
speci�c knee pain, and a decreased range of motion, which are more likely to imitate some chronic
in�ammatory states [5]. The early diagnosis is di�cult owing to the non-speci�c presentation and slow
symptom progression, intervals between �rst signs and diagnosis are long: 10 months to 3 years [6].
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Because of the extremely low incidence of PVNS and the long delays before local recurrence, the optimal
treatment regimen for diffuse PVNS is still unde�ned [7].

Management of primary diffuse PVNS of the knee is di�cult, because the local recurrence rate is high
with whatever treatment strategy [8]. The reported different treatment combinations included surgical
synovectomy with or without adjuvant therapy [9,10]. Surgical treatment for diffuse PVNS of the knee
involves open or arthroscopic synovectomy, which one is more appropriate is still open for debate. Open
synovectomy entails a greater risk of knee stiffness, and longer hospital stay and rehabilitation [11].
Advantages of arthroscopic synovectomy include quicker recovery time, less intraoperative blood loss,
less postoperative stiffness, and improved access to the posterior compartments [12]. A systematic
review concluded that no difference in local recurrence between open and arthroscopic total synovectomy
in the surgical treatment of diffuse PVNS, and a lower rate of postoperative complications after
arthroscopic synovectomy [7]. Therefore, the arthroscopic approach for total synovectomy could be
recommended for diffuse PVNS when technically possible.

The aim of treatment of diffuse PVNS is to remove all abnormal synovial tissue to relieve pain, lower the
risk of joint destruction, and avoid local recurrence. Successful arthroscopic treatment of diffuse PVNS of
the knee requires meticulous excision of all diseased synovial tissue [13]. Incomplete synovectomy alone
for diffuse PVNS should be avoided because of a high risk of local recurrence [7]. Total arthroscopic
synovectomy should include anterior compartment, medial and lateral gutters and posterior
compartment. Two or three standard portals are established for anterior compartment and medial and
lateral gutters, posteromedial and posterolateral accessory portals are established for posterior
compartment of the knee [1,12]. Researches demonstrated that good clinical outcomes had been
acquired by using the arthroscopic synovectomy for diffuse PVNS with abovementioned portals [1,14].
Thus, we used two posteromedial portals to permit complete posteromedial synovectomy.

Radiation therapy is the most widely used adjuvant treatment, it could reduce recurrence in diffuse PVNS
[8]. However, there are few studies showing dose-response relationships for postoperative radiation
therapy in patients with PVNS. Because PVNS is a benign entity [6], one research reported that low-dose
(20 Gy) external radiotherapy appears to be as effective as moderate-dose treatment (around 35 Gy) [15].
The purpose of this retrospective study was to evaluate the clinical outcome and recurrence of complete
arthroscopic synovectomy associated with low-dose external-beam radiotherapy in the knee affected by
primary intra-articular diffused PVNS.

Methods
Study cohort

Patients with diffuse PVNS, as con�rmed on pathological evaluation, who underwent complete
arthroscopic synovectomy and external-beam radiotherapy between May 2009 and January 2016, were
enrolled into the study. All patients gave informed written consent and the study was approved by the
Ethical Committee of Zhongnan Hospital of Wuhan University. The inclusion criteria were: clinical
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symptoms and MRI �ndings of diffuse PVNS; postoperative pathologic con�rmation of primary diffuse
PVNS; no major degenerative changes of the knee. The exclusion criteria were: diffuse PVNS with extra-
articular extension into bone and soft tissue or need open surgery; recurrent diffuse PVNS; PVNS in any
other joints than the knee.

18 patients were enrolled in total, 8 were men and 10 were women. The mean age of the patients was
38.3 years (19 to 63). Presenting symptoms were mainly spontaneous swelling, diffuse nonspeci�c knee
pain, and a decreased range of motion. X-rays of the affected knee were performed to detect and exclude
other pathologies such as osteoarthritis. All patients were subjected to an MRI scan for better
preoperative evaluation (Figure 1). All of the procedures described were performed by the same surgical
team comprising all the authors. The team not only provided preoperative and perioperative care to the
patients but also participated in postoperative recovery.

Surgical techniques

The patient was supine and a thigh tourniquet was used under spinal anaesthesia. A 30° arthroscope
(Linvatec) and a 5.5mm motorized shaver were routinely used. Standard anteriolateral and anteriomedial
portals were made. After the examination of the anterior compartment, the complete synovectomy was
done including anteromedial and medial gutter, notch area, anterolatearal and lateral gutter, and medial
and lateral submeniscal area (Fig. 2). When the popliteal tendon hiatus area was di�cult to access,
extreme lateral portal was established to facilitate the synovectomy; Then two posteromedial portals
were created to �nish the synovectomy of posteromedial compartment; the high portal 2.5 cm to 3 cm
above the joint line and the low portal level with the joint line. The arthroscope was introduced through
the high posteromedial portal, providing a clear view. A power-shaver was inserted through the low
posteromedial portal to debride the synovium of posteriomedial compartment (Fig. 3). Then the mid-third
of the posterior septum was removed until the posteriolateral compartment could be visualized clearly.
Moving the arthroscope through the posterior septum, the posterolaral portal was made and the
posterolateral synovectomy was accomplished (Fig. 4). Finally, the suprapatellar pouch region was
completely debrided and lateral suprapatellar portal was used if needed. Arthroscopic electroablation was
done just when an oozing vessel seen. An intra-articular suction drain was sustained 24 hours after
surgery. The suture was removed from the surgical wounds around 2 weeks after the operation.

Rehabilitation protocol

The patients began physical therapy after removing the drain. Straight leg raising and ankle pump were
started from the �rst post-operative day. Passive range of motion exercises with a continuous passive
motion was done in the �rst postoperative two weeks, and then changed to active exercises. Weight
bearing was allowed according patient’s tolerance. Therapeutic goals were set to achieve maximum
range of motion, restore quadriceps muscle strength, and decrease swelling and pain in the early
postoperative period.

Radiotherapy
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In 4-6 weeks postoperatively, all patients underwent local adjuvant radiotherapy applied with a 6-MV
linear accelerated photon beam. The total dose was 20 Gy, which was performed 10 times, once every
other day. Fractioned irradiation doses were delivered to the anterior and posterior �elds of the operated
knee.

Follow-up and evaluation

 After radiotherapy, patients were re-examined MRI and then re-evaluated by the same radiologist every 6
months. Each patient was evaluated before treatment and at the �nal follow-up visit, the evaluation
criteria used in this study was according to Ogilvie-Harris [16]. The criteria comprise four parameters:
articular pain, synovitis or articular effusion, range of motion, and functional ability. Each of the four
parameters is graded on a scale of 0 to 3 points. To globally evaluate the results of the combined
treatment, we calculated the arithmetic average of the scoring obtained by the various parameters
considered in homogeneous classes of treatment. The patient's condition was rated as excellent (scores
between 10 and 12), good (scores between 7 and 9), fair (scores between 4 and 6), or poor (scores
between 0 and 3). Because the parameter of functional ability in this evaluation criteria is non-speci�c,
we used the International Knee Documentation Committee (IKDC) [17] scores to evaluate the knee
function. In the process of the follow-up, recurrence case was diagnosed on the basis of renewed onset of
clinical symptoms and MRI screening, and was con�rmed pathohistologically.

Statistical analysis

The preoperative and �nal follow-up scores of Ogilvie-Harris criteria and IKDC scores were statistically
analyzed using SPSS 17.0 software (SPSS Inc., Chicago, Illinois). The Mann–Whitney U test was used
compare the IKDC scores. A p value < 0.05 was considered statistically signi�cant.

Results
All 18 patients were available for follow-up. Mean follow-up was 68 months (range from 35 to 120
months). The mean time from symptom onset to surgery was 9 months (range from 3 to 29 months), the
most frequent preoperative symptoms were joint effusion, diffuse nonspeci�c knee pain, and a decreased
range of motion. Four patients reported a history of trauma. Outerbridge I or II cartilage lesions were
found in �ve patients, severe erosions in meniscus were found in two patients. The mean evaluation
score according to the Ogilvie-Harris criteria before treatment was 3.19, which corresponded to a rating of
“poor”. The mean score after treatment was 8.79, rated as “good”. The IKDC score of all patients
increased signi�cantly from 37.1±3.8 before treatment to 83.9±11.3 after treatment (p=0.001). No
recurrence was noted at �nal follow up.

There were no complications during or after the arthroscopic procedure. No evidence of swelling,
infection, joint stiffness, and neurovascular lesions were detected. None of these patients experienced
radiation-related early or late complications such as skin reactions, poor wound healing, joint stiffness
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and radiation-induced sarcomas. Three patients who had preoperative cartilage lesions had pain when
squatting.

Discussion
With the reason of low morbidity and the di�culty of diagnosis, it is lack of prospective comparative
studies about the management of diffuse PVNS. No current consensus exists as to the optimum
treatment. In the present study, 18 patients presenting with primary intra-articular diffuse PVNS of the
knee were treated with total arthroscopic synovectomy combined with low-dose of external-beam
radiotherapy, and were followed-up at a mean period of 68 months. No recurrence was found in this case
series at �nal follow up. Previous clinical studies demonstrated that the interval between initial treatment
and recurrence ranged from 1 month to 20 years, with a mean of 4.9 years [18-21]. The follow-up time in
our study was longer than this mean recurrence time, the recurrence rate was better than the prior reports
which varied from 8% to 46% with all treatment methods [14, 16, 19, 22]. The score of Ogilvie-Harris
criteria showed good evaluated result. The total arthroscopic synovectomy and low-dose of external-
beam radiotherapy might play a major role in our acquired clinical outcome, and the other reason may be
the included patient presenting with primary intra-articular diffuse PVNS.

Arthroscopic surgery offers the possibility to resect diseased synovium with minimal loss of function and
faster recovery. Total excision of the synovium is considered the basis of treatment to prevent local
recurrence of diffuse PVNS [3, 23]. The arthroscopic approach for total synovectomy should be
recommended when technically possible. The decision whether to operate arthroscopically is made
according to the MRI �ndings of the extent to which the knee is affected. Patients with diffuse PVNS
con�ned only within the knee could be chosen for arthroscopy by an experienced surgeon, because skills
using posterior portals need time and practice to develop, even for a seasoned arthroscopist. Incomplete
synovectomy for diffuse PVNS should be avoided because of a high risk of local recurrence [7], it is very
important for surgeons to improve and upgrade their skills in arthroscopic surgery to be able to use it to
the fullest. There are several essential points for the successful use of total arthroscopic synovectomy:
(1) Visualization and access of the posterior compartments should be maximized, remove the mid-third
of the posterior septum and use the trans-septum approach to examine the poster compartment; (2)
Submeniscal areas, especially lateral submeniscal areas, are easy to miss debriding. The popliteal tendon
hiatus area is di�cult to access, sometimes extreme lateral portal is needed to �nish the synovectomy;
(3) In terms of the order of synovectomy, excision of the suprapatellar pouch region should be the last
step, because the synovectomy in this region can cause the extravasation of lavage solution in anterior
knee, which may limit the �exion of knee in the operation. 

Radiation therapy has been an alternative mode of treatment in PVNS for many years [22, 24]. A meta-
analysis by Mollon et al concluded that synovectomy combined with perioperative radiotherapy for
diffuse PVNS was associated with a reduced rate of recurrence8. The adjuvant radiotherapy contains
external and intra-articular modes, however the optimal dose of radiation for treatment is still unknown.
The usual used dose of external radiotherapy was 20–50 Gy in existing literatures [15, 25]. And the
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radiotherapy also has potential complications such as skin reactions, poor wound healing, joint stiffness
and radiation-induced sarcomas [1]. Therefore, in the present study, we used external radiotherapy of low-
dose (20 Gy), which was much lower than the other studies, with no recurrence and no complication. The
mean postoperative IDKC score of the affected knees was 83.9 which demonstrated that the knee
function was not in�uenced by the low-dose radiation therapy. The type of PVNS included in our study
was primary intra-articular diffuse PVNS, some literatures suggested that total synovectomy is su�cient
for this type [7,13], adjuvant radiotherapy treatment is not necessary. In our opinion, postoperative
radiotherapy is obligatory, because meticulous total synovectomy is just for macroscopic view, the
microscopic pathology may still exist, thus radiotherapy is an optimal complemental treatment under this
circumstance. That was also the reason why no recurrence was noted in our case series. Low-dose of
radiation was su�cient to kill remaining diseased cells, and not enough to cause radiation-related
complications.

Although satisfying result had been obtained in our study, there were several limitations. First, inclusion
of patients with primary intra-articular diffuse PVNS of the knee limited further extrapolation beyond the
cases studied. Second, this study was a retrospective series without comparison to a control group, it
might have introduced selection bias arise from some factors related to both surgeons and patients.
Third, only a limited number of patients were studied. Due to the low incidence of PVNS, it is almost
impossible to perform large-scale prospective studies.

Conclusion
The outcome of this study proved that total arthroscopic synovectomy combined with low-dose external
radiotherapy is optimal for treating primary intra-articular diffuse PVNS of the knee joint. It could be
safely and reliably used with minimal complications, fast post-operative recovery and satisfactory control
of recurrence rates.

Abbreviations
PVNS: pigmented villonodular synovitis; IKDC: International Knee Documentation Committee.
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Figure 1

Preoperative magnetic resonance imaging.
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Figure 1

Preoperative magnetic resonance imaging.
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Figure 2

Anterior compartment viewing. (A) before synovectomy; (B) after synovectomy.

Figure 2

Anterior compartment viewing. (A) before synovectomy; (B) after synovectomy.
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Figure 3

Posteromedial compartment viewing. (A) before synovectomy; (B) after synovectomy.
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Posteromedial compartment viewing. (A) before synovectomy; (B) after synovectomy.
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Figure 4

Posterolateral compartment viewing. (A) before synovectomy; (B) after synovectomy.
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Posterolateral compartment viewing. (A) before synovectomy; (B) after synovectomy.


