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ABSTRACT

The author presents the case of a patient afflicted by pes anserine bursitis completely resolved thanks to treatment 
with oxygen-ozone therapy. The complete recovery was confirmed by the control with Magnetic Resonance one month 
after the treatment.

The imaging-guided intra-bursal injection of the oxygen-ozone gas mixture can therefore be considered a valid 
therapeutic alternative in the treatment of inflammatory and overload joint pathology; as a method of simple and rapid 
implementation with low costs and without significant side effects or contraindications.

Keywords: pes anserinus, anserine syndrome, ozone, pes anserine bursitis

INTRODUCTION

Pes anserine bursitis is part of the large group of so-called overload diseases. The inflammatory process affects 
the bursa’s anatomical complexity of the goose paw (sartorius, gracilis, and semitendinosus). The treatment of pes 
anserine bursitis finds as the first therapy the suspension of the activity that caused the inflammation, then uses not 
particularly aggressive therapies such as anti-inflammatory drugs, cryotherapy (for periods of 15 min), ultrasound 
physiotherapy, tecar therapy, strengthening of the quadriceps muscles, stretching of the internal flexor and rotator muscles 
of the knee. Oxygen-ozone therapy can be a valid and effective alternative in the treatment and resolution of the 
inflammatory process of pes anserine bursitis. In addition, the infiltration of the mixture directly into the bag, thanks to 
ultrasound control, allows the anti-edema effect of ozone optimally and effectively activates the mechanisms that oversee 
the anti-inflammatory response (1, 2).

Clinical Case
A 41-year-old male amateur basketball player underwent arthroscopic surgery for a medial meniscectomy in 

January 2016. In March, he came to our attention complaining of pain on the inside of the knee. The pain increased with 
movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
and the administration of anti-inflammatory drugs, he was subjected to magnetic resonance imaging of the knee (3) (Fig. 
1).
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ABSTRACT

The incidence of total hip arthroplasty (THA) revisions is expected to rise significantly in the future, due to the 
population’s greater life expectancy and the decreasing age of patients undergoing primary THA. Several alternative 
surgical techniques have been suggested depending on the extent and kind of acetabular bone loss. The aim of this 
review is to analyze the clinical and radiological mid-term and long-term outcomes of Paprosky II and III acetabular 
bone defects treated with modular porous metal components and their survivorship rate. We reviewed 15 articles in the 
literature based on the treatment of acetabular revisions. The literature review was conducted using electronic databases 
from their dates of inception. In severe acetabular bone defects, especially those classified as Paprosky II e III, metallic 
materials are proposed for their biomechanical properties to ensure primary fixation by a roughness effect. Modular 
porous metal components represent a promising type of implant, but the literature is controversial, and few articles show 
mid-term follow-up. The studies reviewed demonstrate an excellent result in follow-up but also reported complications 
and limitations; therefore, the use of certain implants and specific surgical techniques must be performed according to the 
severity of the bone loss and the patient’s clinical conditions.
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INTRODUCTION

The incidence of total hip arthroplasty (THA) revisions is expected to rise significantly in the future, due to a greater 
life expectancy of the population and the age of patients undergoing primary THA. By 2030, there will be a 174% increase 
in THA procedures in the U.S. (1).

The most frequent cause of acetabular revisions is symptomatic aseptic loosening due to fixation failure and osteolysis; 
infection and instability represent less frequent reasons (2). Acetabular bone defects are the most popular reasons for 
revision THA and could be a technically demanding and surgical challenge for orthopaedic surgeons.

Depending on the extent and type of acetabular bone loss, several alternative therapeutic methods have been suggested: 
uncemented hemispherical cups, structural allografts, impaction bone grafting (IBG), antiprotrusio cages, reinforcement 
rings or cages with allograft, oblong cups, trabecular metal (T.M.) augments and shells, titanium porus-coated acetabular 
shell, cup-cage constructs, saddle prosthesis, and custom-made triflange components (3, 4). In several recent studies, 
some authors prove the effectiveness of managing major acetabular bone loss with custom-made options and modular 
solutions characterized by the combination of T.M. or titanium prosthetic components (5). T.M., like titanium, is safe in 
terms of biocompatibility, shares native bone’s biomechanical properties, and both facilitate bone ingrowth (6, 7).

This review of the current literature aims to analyze the clinical and radiological mid-term and long-term outcomes 
of Paprosky II and III acetabular bone defects treated with modular porous metal components and their survivorship rate. 
Consequently, we reviewed 15 articles of the literature on the treatment of revision THA.

METHODS

Because of the rarity of the case reported here, this article begins with a review of the literature focusing on revision 
THA in Paprosky type II and III acetabular bone defects using modular porous metal components. The preferred reporting 
items for systematic reviews and metanalyses (PRISMA) guidelines were followed (8).

Literature and database searches 
Two researchers (S.R. and M.S.) independently searched three databases – PubMed, the Cochrane Library, and Google 

Scholar – for the keywords “total hip arthroplasty”, “revision”, “bone defect”, and “trabecular metal”. A third researcher 
(M.G.) independently verified the number of articles identified to avoid potential discrepancies (Table I).Table I. The search strategy summary 

 

Items   Specification 
Date of Search 
(specified to date, 
month and year) 

 January 2nd2023 

Databases and 
other sources 
searched 

PubMed, the Cochrane Library, and Google Scholar 

Search terms used  total hip arthroplasty; revision; bone defect; trabecular metal; Paprosky 
Timeframe  From January 2005 until January 2022 

Inclusion and 
exclusion criteria 

 The inclusion criteria were: 
 Human studies that considered different postoperative complications; 
 Studies written in English.  

The Exclusion Criteria Were:  
 Articles published before 2004 or after the end of 2022; 
 Cadaveric and biomechanical studies;  
 Paprosky Type I bone defects 
 Paprosky Type IV bone defects and/or pelvic discontinuity; 
 Non porous metal implants; 
 Studies that did not report complications.  

 

Selection process 
 

 Two non-blinded authors reviewed the titles and abstracts of each article identified in the literature 
search. If a study met all the criteria or the abstract did not provide enough information to include 
or exclude the report, full texts were obtained, reviewed and considered for data extraction. 
Whenever an agreement about study inclusion could not be resolved by consensus between the two 
reviewers, a third author decided about the inclusion 

 

 

Table I. The search strategy summary
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Data extraction 
Several articles were excluded after reviewing the titles and abstracts. The remaining articles extracted data regarding 

Paprosky type II and III acetabular bone defects and use of modular porous metal components. The following data were 
extracted (when reported): authors and year of publication, type of study and level of evidence, number of patients 
enrolled and mean follow-up, type and timing of complications, surgery technique, clinical and radiological outcomes, 
and percentage of survivorship of the implants. 

RESULTS

A total of 3482 articles were identified in the following databases: PubMed (92), Cochrane (0) and Google Scholar 
(3390). Titles and abstracts were screened, 3462 articles were excluded, including 86 duplicates and 3376 articles that did 
not meet the inclusion criteria. The full text of 20 articles was reviewed, and 15 studies were included in the final meta-
analysis (Fig. 1). These articles were published between 2015 and 2021. The characteristics of the included studies are 
summarized in Table II.

 

 

 

Fig. 1. Prisma flow chart 

 

Fig. 1. Prisma flow chart
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The published articles consist of studies describing the use of porous metal in revision THA in patients with the 
preoperative classification of Paprosky type II and III. Only two of these were prospectively performed (9, 10). The 
remaining studies were conducted retrospectively. The main indication for revision surgery was aseptic loosening. 
In general, revision was performed based on clinical symptoms and radiological findings. The outcome measures are 
summarized in Table III.

All studies included post-operative hip scores. In the studies in which preoperative hip scores were reported, the scores 
improved postoperatively. The review of 634 revision THA described in these articles has a mean follow-up period of 61.9 
months and a mean survival rate with revision due to aseptic loosening of 95.7%. We found different treatment options for 
large acetabular defects. The TM Augment was the most widely used method in the included studies (7 studies, 331 hips). 
Trabecular titanium cups were used only in 2 studies (153 hips) (10, 11). Three studies (93 hips) involved using either a 
bone graft and/or a T.M. augment to provide stability for the acetabular component, with different goals. Prieto et al. (12) 
wanted to demonstrate excellent midterm survival, with 94% of acetabular components obtaining stable union onto host 
bone at 5 years, with Trabecular metal shells combined with structural bone allograft in revision THA. 

Allograft restored bone stock with minimal resorption, and when it occurred, it did not alter the acetabular component’s 
survivorship. Rowan et al. (13) compared IBG and trabecular metal for revision THA achieving good clinical outcomes 
for both, but there is greater success with T.M. in higher grades of acetabular deficiency regardless of prior infection. The 
purpose of Zhang et al. (14) study was to compare and analyze the clinical and radiological outcomes of the use of double 

Table II. Characteristics of the included studies 
 

Authors Year Material of implants N of Patients Enrolled Type of defect 
(Paprosky) 

Mean 
follow-up 
(months) 
  

Russell et al. 
 

2020 Tantalum 38 29 (76.3%) Type IIIA 
9 (23.7%) Type IIIB  

87,6 (range 64,8-129,6) 

Perticarini et al. 
 

2021 Trabecular Titanium 95 23 (24,2%) Type IIA 
17 (17,9%) Type IIB 
13 (13,8%) Type IIC 
22 (23,1%) Type IIIA 
20 (21,0%) Type IIIB . 

91 (range 24–146) 

Loppini et al. 
 

2018 Tantalum 16 7 (43,75%) Type IIIA 
9 (56,25%) Type IIIB 

34 (range 24–72) 

Grappiolo et al. 
 

2015 Tantalum 54 (55 hips) 42 (76,36%) Type IIIA 
13 (23,63%) Type IIIB 

53.7 (range 36–91) 

Eachempati et al. 
 

2018 Tantalum 41 36 Type IIIA (87.8%),  
5 Type IIIB (12.2%) 

39.4 (range 24–96) 

De Meo et al. 2018 Trabecular Titanium 58 25 Type IIB (39%),  
15 Type IIC (23.4%),  
15 Type IIIA (23.4%) 
9 Tybe IIIB (14.1%) 

48.3 
(range 38–82) 

Jenkins et al. 2017 Tantalum 57 (58 hips) 28 Type IIIA  (48%)  
22 Type IIIB (38%)  
4 Type IIA (7%) 
3 Type IIB (5%) 
1 Type IIC (2%) 
11 Pelvic Discontinuity (19%) 

105 
(range 60-150) 

Konan et al. 2016 Tantalum 46 20 Type IIA 
4 Type IIB  
9 Type IIC 
6 Type IIIA  
4 Type IIIB. 

120 (range 120-144) 

O’ Neill et al. 2018 Tantalum 38 29 Type IIIA 
9 Type IIIB  

36 (range 18-74) 

Zhang et al. 2020 Tantalum 18 11 Type IIIA (61.1%)   
7 Type IIIB (38.9%) 

61 (range 56--65.8) 

Prieto et al. 2017 Tantalum 56 (58 hips) 6 Type IIA (10%)  
12 Type IIB (21%) 
12 Type IIC (21%) 
11 Type IIIA (19%),  
17 Type IIIB (29%) 

64,8 (range 24-144) 

Rowan et al. 2016 Tantalum 15 (17 hips) 3 Type IIB  
6 Type IIC  

64,8 (range 9,6-124,8) 7 Type IIIA  
1 Type IIIB 

Ji et al. 2021 Tantalum 21 9 Type IIC 
12 Type IIIB 
 

31 (range 18–57) 

Webb et al. 2017 Tantalum 20 11 Type IIIA  
8 Type IIIB 
 

28,8  

Clement et al. 2016 Tantalum 52 (55 hips) 2 Type IIA 
7 Type IIB 
21 Type IIC 
15 Type IIIA 
10 Type IIIB 

63  (range 34- 105) 
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T.M. cups alone or combined with IBG for revision surgery in complex acetabular defects, hypothesizing that these two 
methods were dependable techniques to manage Paprosky III acetabular defects without pelvic discontinuity. In addition 
to Zhang’s paper, three other studies use the Double TM cup technique (75 hips) to manage Paprosky type III defects. The 
results of the present review should not be considered conclusive but rather, hypothesis-generating. 

Table III. Outcome measures 
 

Authors Survival or reoperation 
rate 
  

Complications Clinical outcomes 
(Pre-operative / Final Follow Up) 

Radiological evaluations 

Russell et al. mean survivorship of 8.99 
years  
(± 0.56, 95%;  
CI: 7.89-10.09). 

Early postoperative  
- 1 (2.6%) Early infection recurrence (Washout, debridement, 
implant retention) 
- 1 (2.6%) Allograft resorption (Revised) 
- 1 (2.6%) Transient sciatic neuropraxia (No) 
Late postoperative 
- 3 (7.9%) Late infection recurrence (Revised) 
-2 (5.3%) Aseptic loosening (with augment failure) (Revised) 
-1 (2.6%) Dislocation from constrained liner (Revised) 
-1 (2.6%) Recurrent dislocations due to greater trochanter 
nonunion (No) 

WOMAC        49.15 (range: 3.1 to 98.4) / 
                         22.75 (range: 0 to 89.6) 
 

- Well integrated in 29 of 31 (93.5%) non revised 
cases. 
 
-28 of 31 (90.0%) well osseointegrated (97%) (3 
or more signs of osseointegration according to 
Moore's Criteria) 
 

Perticarini et al. 88.54% 
(95% CI 80.18–93.52%) at 
71 months, 

Late postoperative 
- 7 (7.3%) patients suffered of deep infection at a 
mean time of 35.85 months after surgery. (Revised) 
- 7 (7.3%) patients underwent dislocation  
- 2 (2.1%) periprosthetic femoral shaft fractures 
- 1 (1.05%) case of trochanteric bursitis. 

HHS                 43.7 (range 25–70) / 
                         84.4 (range 46–99) 

- 1 case of reabsorption of the graft, result- 
ing in cup loosening 1 year after surgery (1.05%) 
- In all other acetabular components evident 
signs of osseointegration, without any 
radiolucent lines, sclerotic areas, or 
periprosthetic osteolysis. 

Loppini et al.  100% at 34 months 3 (6.3%) patients: 
- 1 deep venous thrombosis  
- 1 femoral artery occlusion 
- 1  postoperative haematoma  
 

HHS                 19.38 (range: 14–26)  / 
                          77.2 (range: 62–88)  
 
WOMAC         34.4  (range: 28.6–40.5) / 
                          82.3 (range: 70.8–92.4) 

Radiolucent lines: 1 of the 16 (6.3%) of the 16 
hips was noted a radiolucent line in zone 1 which 
was not progressive at the latest follow-up. 

Grappiolo et al. The survival rate at 2 and 5 
years was 96.4% and 92.8%, 
respectively. The mean 
implant survival was 
85.8 months (95% CI: 80.9–
90.8). 

Early postoperative  
1 (1,8%) recurrent instability 
Late postoperative 
3 (5,4%) aseptic loosening of the cup (in 2 cases cup + 
augment) 

HHS                  40 (range: 27–52) / 
                          87,1 (range: 61–91) 

Radiolucent lines: 3 of the 55 (5,4%) of the 16 
hips (not progressive) 

Eachempati et al. The survival rate at 8 years 
was 100% 

Overall complications in 2/41 patients (4.87%) 
1 persistent wound discharge 
 (Washout, debridement, implant retention) 

HHS                  26,5 (range: 14–34) / 
                          90.5 (range: 61–100) 

No radiological failures at the time of latest 
follow-up  

De Meo et al. The survival rate at 
48.3months was  
89.7% for revision and of 
94.8% for acetabular cup 
removal 

In 6 cases (10.3%) reoperation was necessary: 
- 3 recurrent dislocations (5.2%); 
- 2 deep infections (3.4%);  
- 1 suspected aseptic loosening 
 

HHS                 36,5 / 
                          83,7 (range: 58,9-91,3) 

No radiolucent lines or other sign of migration 
were observed. 

Jenkins et al. rate of survivorship free of 
any re-revision of 100% at 5 
years and 97% at 10 years. 

2 of the 58 constructs (3%) 
failed because of aseptic loosening.  
 

MAYO Hip Score  
                         35.7 (range: 6 to 72; n = 19) / 
                         61.7 (range: 33 to 80; n = 42) 
 

- No lucencies of >1 mm were identified 
immediately postoperatively 
- 6 of 58 hips (10%) clear radiographic evidence 
of separation (>2 mm) in zone 3 (risk for future 

failure) 
 

Konan et al.  The survivorship for further 
revision of the acetabular 
component as the end point. 
was 96% at 11 years (95% 
CI 92.7 to 98.7)  
The survivorship for any 
reason as the end point, was 
92% at 11 years (95% CI 
90.2 to 94.8). 

2 of the 46 failed because of aseptic loosening 
2 recurrent hip dislocations within two years 
 

WOMAC        91.1 (range: 33.3 to 100) 
 
UCLA             5.5 (range: 2 to 10) 
 
Oxford Hip Score* 91.2 (range: 31.8 to 100) 
 

Radiographs follow-up at a mean of 30.9 months 
(24 to 51): In 39 of 40 hips (40 patients) there 
was radiological evidence of osseointegration 
(Moore’s criteria) 
Radiographs follow-up at the time of review: 32 
of the 38 patients who remained alive showed 
evidence of osseointegration 
 

O’ Neill et al. 3-year survival rate with 
revision due to any cause 
92.1% (83-101) with 35 
patients at risk  
 
3-year survival rate with 
revision due to aseptic 
loosening was 94.7% 87-
102) 

2 radiographic metal debris at the shell-augment interface. 
8 Brooker grade 1 HO  
3 grade 2 HO 
3 grade 3 HO  
2 deep infections. 
1 trochanteric nonunion 
1 transient sciatic nerve palsy 
In 4 patients bone graft resorption and medial migration of the 
shell 

WOMAC         53 / 78.8  
 
SHORT FORM 12 (SF-12)    27.7 / 30.1 
 

31 of 38 patients: shell-augment construct 
satisfied the criteria for osseointegration 
(Moore’s criteria)  
 
 

Zhang et al.  Survivorship of the last 
follow-up: No failure 
 

Complication incidence (33.3%),   
- dislocation (16.7%),  
- delay wound healing (16.7%) 
- Trendelenburg-positive in  2 hips (11.1%)  
- Asymptomatic grade-1 HO in 3 (16.7%) 
No patients underwent re-revision surgery for any reasons at 
the last follow-up 

HHS                 44.1 (range: 35 to 50) / 
                         73.7 (range: 68 to 85) 
 
UCLA score    2.6 (range: 2 to 4) / 
                         7.3 (range 7 to 8)  

Bone graft incorporation in all hips one year after 
the revision operation 
 

Prieto et al. 5-10 year survival rate with 
revision due to any cause 
90% and 88%, respectively 
5-10 year survival rate with 
revision due to aseptic 
loosening:  94% 

8 complications in 7 patients in the entire cohort:  
1 periprosthetic infection 
1 periprosthetic femoral fracture 
1 femoral stem loosening 
2 sciatic neuropraxias 
3 patients with recurrent dislocations. 

HHS                 47 (range: 29-80) / 
                         79 (range: 45-100) 
 
 

Average allograft coverage was 42% of the 
acetabular component (28%-70%): 
12 hips >50% of graft coverage 
36 hips between 30% and 50% 
7 hips <30% 
Allograft resorption   
< 25% in 14 hips (26%)  
>35% in 3 hips 

Rowan et al.  1 dislocation 
Reconstruction failure requiring revision 0% 
 

HHS                 52.2 / 
                          83,3 (range: 58,9 - 91,3) 

 

Ji et al.  Survivorship free from re-
revision for acetabular 
loosening after 2 years was 
100 %. 

2 deep venous thrombosis (10 %)  
 

HHS                 37.0 ± 7.1 (range: 24.3–47.7) / 
                         76.4 ± 9.0(range: 55.1–90.1). 
 

- All acetabular components were all stable 
without migration 
- Non-progressive acetabular radiolucencies in 
no more than two zones in 2 patients.  
- A total of 18 patients (86 %) satisfied at 
least ⅗ Moore’s criteria 

Webb et al. 100% survivorship for 12 (60%) of recorded complications were in 8 patients. HHS                 28,2 (range: 14–45) / - No radiographic evidence of failure 
aseptic loosening and an 
80% survivorship from 
revision for any cause of the 
double cup constructs 

- 6 total dislocations (30%) 
- 4 deep infection (20%) 

                         28,7 (range: 19 -89) based on Moore’s criteria 

Clement et al. implant survival was 92% 
(95% confidence interval: 
80.2-96.9%) at 5 years 

- 2 Early infections (1 and 7 Months to Failure) 
- 2 recurrent hip dislocations (15 and 28 Months to Failure) 
- 1 quadriceps palsy 
- 1 abductor weakness 

*follow-up rate of 78%. 
 
OHS                34 (range, 5-48) 
 

-All cases involving the use of bone grafts had 
radiographic evidence of incorporation 
- No progressive radiolucent lines or component 
migration  
- All acetabular components:  Moore score >3 

 

Table III. Outcome measures
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DISCUSSION

Acetabular revisions in complex bone defects are challenging procedures that often require an expert surgeon. There 
are many different options of reconstruction in literature, such as the Jumbo cup component, IBG combined with a 
cemented cup, metal mesh, bulk autograft or allograft combined with hemispherical cups, and cup cage construct (14). 
Although there are different surgical options, the literature remains controversial, showing complications and mid-term 
failures  (15).

Reconstruction rings and cages are usually used in acetabular revisions where residual bone stock is available to gain 
fixation (16-18). However, literature has shown that off-the-shelf cages have no osteoinduction and osteoconduction 
potential and may loosen within seven to ten years, especially when morselized allograft is used (19, 20).

Using Jumbo uncemented acetabular component may require reaming the anterior column because most superior 
defects are elliptical (21). The surgical technique that uses a smaller hemispherical component at a high hip centre (17, 22) 
may alter the hip biomechanics and can cause a high dislocation rate (11%, five of 46 hips) and loosening rate (6%, two 
of 36 hips) (23, 24). Another promising surgery technique is custom tri-flange components, which have a high dislocation 
rate and require up to six weeks to create and achieve the component from a C.T. scan (25, 26). Custom-made implants 
are one way to manage large bone defects in revision surgery, adequately filling the bone gap and increasing interaction 
with native bone (14).

Most recently, modular trabecular titanium or tantalum implants like T.M. (Zimmer, Warsaw, IN, USA) have become 
popular in large acetabular bone defects. T.M. is made from elemental Tantalum on a uniform porous carbon skeleton and 
has several advantages, such as high porosity (75-85%), a high friction coefficient, and a similar modulus of elasticity 
(175 GPa for Tantalum vs 113 GPa for titanium) to the cancellous bone (350 MPa–15 GPa) (14). Those characteristics 
increase the shear strength at the bony interface, minimize stress shielding, promote an adequate grip where bone loss is 
present and consequently reduce implant failure rate (27). 

Also, highly porous titanium cups recently developed, with a high porosity (>60%), a large pore size (>200 μm), a 
low elastic modulus (0.01–30 GPa), and a high coefficient of friction have demonstrated, in the same way, good results 
in acetabular replacement in acetabular bone loss defect despite some concerns about osseointegration and radiolucency 
that had developed (28).

The literature shows that the use of Tantalum represents the most elected type of implant in complicated THA revision: 
in the 15 articles analyzed, only in 2 papers did the surgeons use porous titanium. Perticarini et al. (10) and De Meo et al. 
(11) analyzed 95 and 58 hips treated with trabecular titanium revision cups, respectively; the choice of implant is based on 
surgeon experience. One study did not report significant differences in implant survival and complication rate reduction 
when used for acetabular revision surgery (7). Unfortunately, this study presents different limitations: it is a retrospective 
review of prospectively entered data with no control group for comparison. Furthermore, there may be variations in the 
data due to different surgical techniques performed by different surgeons, even though all the surgeons are experts in 
revision hip surgery and follow the surgical technique described in the literature.

All the lectures analyzed in our review have shown similar excellent results at midterm follow-up, demonstrating 
that the acetabular augment used for structural support and cemented to the acetabular shell promotes bone ingrowth, a 
good fixation of the acetabular component and adequate midterm results in revision cases. From a clinical point of view, 
patients of our review improved at mid-term follow-up. Clinical outcomes are described in all the studies: Harris Hip 
Score (HHS), Mayo Hip Score, WOMAC, UCLA and Oxford Hip Score.

Eachempati et al. (29) noted a good functional outcome in their series [preoperative HHS 26,5 (range: 14-34) to 90.5 
(range: 61–100) at 39.4 months of mean follow-up]; these results are in line with the series of the other authors (12-15, 
29-34). The clinical results of the other authors who evaluated different scores are also satisfactory. Table III shows raw 
data from WOMAC, Oxford scores, and Mayo hip score of the other series. 

Few studies have evaluated the results of modular porous metal components in patients with Paprosky IIIA and IIIB 
defects. Russell at al. (9) reported an estimated mean implant survivorship of 8.99 years with an overall complication rate 
of 34% (13 of 38) inclusive of an 18.4% (8 of 38) repeat surgery rate (1 washout, debridement, and implant retention and 7 
revision THA procedures) at a mean follow-up of 87-6 months. Grappiolo et al. (35) described 55 revisions in 54 patients 
with Paprosky IIIA (42) and IIIB (13) defects and reported a lower overall complication rate (9,1%). Four acetabular 
component revisions were made for aseptic loosening (5,4%) at a mean follow-up of 25 months (17 to 38 months). There 
was no description of the preoperative bone defects in the hips revisioned for aseptic loosening. The survival rate at two 
years was 96.4%, and 92.8% at five years. O’Neill et al. (36) evaluated 38 patients with Paprosky IIIA (29), Paprosky 
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DISCUSSION

Acetabular revisions in complex bone defects are challenging procedures that often require an expert surgeon. There 
are many different options of reconstruction in literature, such as the Jumbo cup component, IBG combined with a 
cemented cup, metal mesh, bulk autograft or allograft combined with hemispherical cups, and cup cage construct (14). 
Although there are different surgical options, the literature remains controversial, showing complications and mid-term 
failures  (15).

Reconstruction rings and cages are usually used in acetabular revisions where residual bone stock is available to gain 
fixation (16-18). However, literature has shown that off-the-shelf cages have no osteoinduction and osteoconduction 
potential and may loosen within seven to ten years, especially when morselized allograft is used (19, 20).

Using Jumbo uncemented acetabular component may require reaming the anterior column because most superior 
defects are elliptical (21). The surgical technique that uses a smaller hemispherical component at a high hip centre (17, 22) 
may alter the hip biomechanics and can cause a high dislocation rate (11%, five of 46 hips) and loosening rate (6%, two 
of 36 hips) (23, 24). Another promising surgery technique is custom tri-flange components, which have a high dislocation 
rate and require up to six weeks to create and achieve the component from a C.T. scan (25, 26). Custom-made implants 
are one way to manage large bone defects in revision surgery, adequately filling the bone gap and increasing interaction 
with native bone (14).

Most recently, modular trabecular titanium or tantalum implants like T.M. (Zimmer, Warsaw, IN, USA) have become 
popular in large acetabular bone defects. T.M. is made from elemental Tantalum on a uniform porous carbon skeleton and 
has several advantages, such as high porosity (75-85%), a high friction coefficient, and a similar modulus of elasticity 
(175 GPa for Tantalum vs 113 GPa for titanium) to the cancellous bone (350 MPa–15 GPa) (14). Those characteristics 
increase the shear strength at the bony interface, minimize stress shielding, promote an adequate grip where bone loss is 
present and consequently reduce implant failure rate (27). 

Also, highly porous titanium cups recently developed, with a high porosity (>60%), a large pore size (>200 μm), a 
low elastic modulus (0.01–30 GPa), and a high coefficient of friction have demonstrated, in the same way, good results 
in acetabular replacement in acetabular bone loss defect despite some concerns about osseointegration and radiolucency 
that had developed (28).

The literature shows that the use of Tantalum represents the most elected type of implant in complicated THA revision: 
in the 15 articles analyzed, only in 2 papers did the surgeons use porous titanium. Perticarini et al. (10) and De Meo et al. 
(11) analyzed 95 and 58 hips treated with trabecular titanium revision cups, respectively; the choice of implant is based on 
surgeon experience. One study did not report significant differences in implant survival and complication rate reduction 
when used for acetabular revision surgery (7). Unfortunately, this study presents different limitations: it is a retrospective 
review of prospectively entered data with no control group for comparison. Furthermore, there may be variations in the 
data due to different surgical techniques performed by different surgeons, even though all the surgeons are experts in 
revision hip surgery and follow the surgical technique described in the literature.

All the lectures analyzed in our review have shown similar excellent results at midterm follow-up, demonstrating 
that the acetabular augment used for structural support and cemented to the acetabular shell promotes bone ingrowth, a 
good fixation of the acetabular component and adequate midterm results in revision cases. From a clinical point of view, 
patients of our review improved at mid-term follow-up. Clinical outcomes are described in all the studies: Harris Hip 
Score (HHS), Mayo Hip Score, WOMAC, UCLA and Oxford Hip Score.

Eachempati et al. (29) noted a good functional outcome in their series [preoperative HHS 26,5 (range: 14-34) to 90.5 
(range: 61–100) at 39.4 months of mean follow-up]; these results are in line with the series of the other authors (12-15, 
29-34). The clinical results of the other authors who evaluated different scores are also satisfactory. Table III shows raw 
data from WOMAC, Oxford scores, and Mayo hip score of the other series. 

Few studies have evaluated the results of modular porous metal components in patients with Paprosky IIIA and IIIB 
defects. Russell at al. (9) reported an estimated mean implant survivorship of 8.99 years with an overall complication rate 
of 34% (13 of 38) inclusive of an 18.4% (8 of 38) repeat surgery rate (1 washout, debridement, and implant retention and 7 
revision THA procedures) at a mean follow-up of 87-6 months. Grappiolo et al. (35) described 55 revisions in 54 patients 
with Paprosky IIIA (42) and IIIB (13) defects and reported a lower overall complication rate (9,1%). Four acetabular 
component revisions were made for aseptic loosening (5,4%) at a mean follow-up of 25 months (17 to 38 months). There 
was no description of the preoperative bone defects in the hips revisioned for aseptic loosening. The survival rate at two 
years was 96.4%, and 92.8% at five years. O’Neill et al. (36) evaluated 38 patients with Paprosky IIIA (29), Paprosky 
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IIIB (9) defects, and four patients with pelvic discontinuity. They described a 94.7% survivorship with aseptic loosening 
in a follow-up of three years. Perticarini et al. reported a mean survivorship of 88.54% (95% CI 80.18–93.52%) at 91 
months follow-up (maximum 146 months) in 95 patients treated with trabecular titanium cups (10). These results align 
with those presented by De Meo et al. in a recent article where they used trabecular titanium in hip revision with an overall 
survivorship of the cup of 94.8% at a follow-up of 48.3 months. The authors reported a rate of aseptic loosening of 1.5% 
at 48.3 months (11).

Other series with Paprosky IIIA and IIIB defects managed with tantalum augments and T.M. acetabular components 
ranging from 16 to 58 hips with follow-up ranging from 28.8 to 120 months have reported low failure rates related to 
aseptic loosening(12-15, 29-34).

Complications related to surgery were also described despite the significant survival rates reported in the studies. Five 
authors describe deep infections in post-operative follow-up: Russell et al. (9) showed one early infection recurrence, 
successfully treated with washout, debridement, and implant retention, and 3 (7.9%) Late deep infections that required 
a two-stage revision; in Perticarini et al. seven (7.3%) patients had a deep prosthetic infection at a mean time of 35.85 
months post-surgery. Two had a history of periprosthetic joint infection sustained by Pseudomonas Aeruginosa and 
Staphylococcus Aureus. All of them required two-stage revision surgery (10). Webb et al. described four hips (20%) 
with a deep infection within one year. They undergo chronic suppression and irrigation/debridement with an exchange of 
modular components. One of these patients developed sepsis, and the components were removed (33). At least Clement 
et al. reported two cases of patients with deep infections treated with removal of all components at 1 and 7 mounts to 
failure, respectively (34).

Although the excellent bone-implant osseointegration has been described in the literature, several studies have 
described cases of aseptic loosening. Russell et al. reported 2 patients revised for augment hardware failure, one of which 
had extensive acetabular resorption after radiotherapy for bowel cancer (9). In Grappiolo et al. (35), 4 patients underwent 
acetabular component revision surgery: in one patient, the augment was still integrated into the bone, and a revision 
shell with a cemented liner without the removal of the augment was performed. Instead, another patient had an aseptic 
loosening 17 months post-surgery, and a revision with both shell and augment change was performed. After 16 months, 
he developed another aseptic loosening of the cup and underwent a third revision with Ganz’s cage and tantalum-coated 
cup used as augmentation. Jenkins et al. (31) reported 2 cases of failure because of aseptic loosening. In one of these, 
the porous tantalum augment was not paired with a porous tantalum revision shell using their standard reconstructive 
technique with screws and methacrylate cement between augment, stressing the importance of creating a monolithic 
construct to reduce micromovements at the interface of the components and increase the stability of the implant.

Konan et al. reported a case where a patient needed another revision to a porous tantalum component with an augment 
after one year from the first revision surgery because the allograft used had been resorbed and the tantalum acetabular 
component migrated superiorly (15). Also, O’Neill et al. showed the same condition in the other 4 patients. These cases 
show how bone grafting coupled to augments is still debated in literature to improve osteointegration (36).

Another major complication in numerous studies is prosthetic dislocation: Webb et al. described a dislocation rate of up 
to 30% (6 hips). They treated those patients using closed reduction and bracing. One patient dislocated after one year post-
surgery and was treated with revision to a constrained liner (33). Similar results are reported in the other revised articles.

The assumption is that a high rate of dislocation may depend on the severity of bone loss at the acetabular level, 
which prevents an optimal orientation of the cup; an interesting technique is described by Ji et al. that used a “multi-cup 
reconstruction technique” to achieve the desired cup anteversion and abduction based on the re-evaluated anatomic hip 
centre. They reported no cases of displacement in the follow-up with the use of this surgical technique (32).

The studies also reviewed a radiological evaluation to evaluate the stability of the components. The most used criteria 
are the radiolucent line and radiographic signs of osseointegration in porous-coated acetabular components according to 
Moore’s criteria (37). 

Russel et al. evaluated 31 THA and described well-osseointegrated components in 28 revisions with 3 or more signs of 
osseointegration according to Moore’s Criteria (9). Perticarini et al. reported 1.05% reabsorption of the graft, resulting in 
a cup loosening 1 year after surgery (10). Loppini et al. (30) noted a radiolucent line in 6.3% of 16 hips in zone 1, which 
was not progressive at least follow-up; meanwhile, Grappiolo et al. (35) describe a non-progressive radiolucent line in 
5.4% of the 16 hips, Ji et al. non-progressive radiolucencies in no more than 2 zone in 2 patients (32); Jenkins et al. quote 
no lucencies of > 1 mm were identified immediately postoperatively and 10% of hip ha clear radiographic evidence of 
separation (>2mm) in zone 3 (risk for future failure) (31). Nom-progressive radiolucent lines or component migration 
have been described by De Meo et al. and Clement et al. (11, 34).
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Konan et al. describe radiological proof of osseointegration in 39 of 40 hips (40 patients) (15), O’Neil reports 31 
of 38 patients: shell-augment design met the requirements for osseointegration (36), and Webb et al. demonstrated no 
radiological failure according to Moore criteria (33). Moore’s Criteria are based on the radiographic findings of these 
reviews by Ji et al. and Clement et al. in the papers.

CONCLUSIONS

The modular porous metal components have become the most promising treatment of Paprosky II and III acetabular 
bone defects, demonstrating excellent results regarding midterm follow-up survivorship and clinical outcomes. Although 
the good results were reported in the articles reviewed, few articles are still focusing on this argument and with a limited 
follow-up. The studies reviewed also reported complications and limitations in using this technique, which must, therefore, 
be customized according to the bone loss severity and the patient’s clinical conditions.
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Konan et al. describe radiological proof of osseointegration in 39 of 40 hips (40 patients) (15), O’Neil reports 31 
of 38 patients: shell-augment design met the requirements for osseointegration (36), and Webb et al. demonstrated no 
radiological failure according to Moore criteria (33). Moore’s Criteria are based on the radiographic findings of these 
reviews by Ji et al. and Clement et al. in the papers.

CONCLUSIONS

The modular porous metal components have become the most promising treatment of Paprosky II and III acetabular 
bone defects, demonstrating excellent results regarding midterm follow-up survivorship and clinical outcomes. Although 
the good results were reported in the articles reviewed, few articles are still focusing on this argument and with a limited 
follow-up. The studies reviewed also reported complications and limitations in using this technique, which must, therefore, 
be customized according to the bone loss severity and the patient’s clinical conditions.
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ABSTRACT

The author presents the case of a patient afflicted by pes anserine bursitis completely resolved thanks to treatment 
with oxygen-ozone therapy. The complete recovery was confirmed by the control with Magnetic Resonance one month 
after the treatment.

The imaging-guided intra-bursal injection of the oxygen-ozone gas mixture can therefore be considered a valid 
therapeutic alternative in the treatment of inflammatory and overload joint pathology; as a method of simple and rapid 
implementation with low costs and without significant side effects or contraindications.

Keywords: pes anserinus, anserine syndrome, ozone, pes anserine bursitis

INTRODUCTION

Pes anserine bursitis is part of the large group of so-called overload diseases. The inflammatory process affects 
the bursa’s anatomical complexity of the goose paw (sartorius, gracilis, and semitendinosus). The treatment of pes 
anserine bursitis finds as the first therapy the suspension of the activity that caused the inflammation, then uses not 
particularly aggressive therapies such as anti-inflammatory drugs, cryotherapy (for periods of 15 min), ultrasound 
physiotherapy, tecar therapy, strengthening of the quadriceps muscles, stretching of the internal flexor and rotator muscles 
of the knee. Oxygen-ozone therapy can be a valid and effective alternative in the treatment and resolution of the 
inflammatory process of pes anserine bursitis. In addition, the infiltration of the mixture directly into the bag, thanks to 
ultrasound control, allows the anti-edema effect of ozone optimally and effectively activates the mechanisms that oversee 
the anti-inflammatory response (1, 2).

Clinical Case
A 41-year-old male amateur basketball player underwent arthroscopic surgery for a medial meniscectomy in 

January 2016. In March, he came to our attention complaining of pain on the inside of the knee. The pain increased with 
movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
and the administration of anti-inflammatory drugs, he was subjected to magnetic resonance imaging of the knee (3) (Fig. 
1).
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ABSTRACT

In recent years several studies have demonstrated the utility of oxygen-ozone therapy in the treatment of herniated 
discs with the result of herniated discs reduced in size. In this study the Authors evaluate the therapeutic results obtained 
in the treatment of 168 patients suffering from non-discogenic low back pain caused by pathology of the posterior 
vertebral compartment afflicted by spondylolisthesis secondary to spondidolysis. The patients recruited into the study 
were evaluated in the short, medium and long term (one week, three months and six months) and were clinically assessed 
using a modified version of McNab’s method.

KEYWORDS: oxygen, ozone, ozone therapy, spondylolysis, spondylolisthesis

INTRODUCTION

Oxygen-ozone therapy for the treatment of herniated discs was introduced for the first time in 1985. Over the years, numerous 
case studies have been presented in the literature reporting positive results ranging from 75% to almost 90% in the treatment of 
low back pain complicated or not by sciatica due to disc-radicular impingement caused by disc herniation (1-22).

Low back pain and lumbosciatica are highly disabling pathologies, increasingly widespread in every social category 
and at an increasingly earlier age. They arise acutely following efforts or unusual movements or slowly, often with 
progressive aggravation. They can have numerous etiologies related to spinal pathology: disc disease, facet joint disease, 
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spondylolysis olisthesis, spinal canal stenosis, radicular cysts, meningiomas, primary or metastatic tumor pathology, etc. 
(23-30). It is therefore essential to come to a precise diagnosis formulated after a careful objective examination and 
supported by suitable instrumental tests, such as – in addition to standard radiographs of the spine – Computerized Axial 
Tomography (CT) and/or Nuclear Magnetic Resonance (MRI) (11, 13).

We have been carrying out oxygen-ozone therapy in our clinics for over twenty-five years for the treatment of low 
back pain and lumbosciatica due to disc-radicular conflict.

In this article, we report the results obtained in the selected treatment of patients with low back pain and/or sciatica not 
due to herniated and/or disc protrusions.

In particular, we focused our attention on cases of 1st degree spondylolisthesis 
secondary to spondylolysis, possibly responsible for the described 
symptomatology (27).

The treated patients were clinically evaluated in the short term (one week), 
medium term (three months) and long term (6 months).

Spondylolysis - spondylolisthesis
Spondylolysis (a term coined by Kilian in 1854) is a bony defect of the 

neural arch that consists of a forward shift of one vertebral body on another.
Spondylolistheses are classified according to the Meyerding classification in 

relation to the degree of slippage of the vertebral body above compared to the 
one below (Fig. 1).

In the majority of cases, first degree spondylolisthesis is asymptomatic and 
is often an occasional finding, however it can manifest itself with low back pain 
complicated or not by sciatica, in a small percentage of patients.

The majority of patients with symptomatic first degree spondylolisthesis and 
spondylolysis do not require surgery and the proposed therapeutic approach is 
often physiokinesitherapy. However, when the symptoms are not resolved with 
physical therapy, they may require vertebral surgery stabilization.

MATERIALS AND METHODS

In light of the therapeutic success found with oxygen-ozone therapy in the treatment of disc-radicular conflicts due 
to disc herniation, it was intended to evaluate the effectiveness of this therapy in patients suffering from 1st degree 
spondylolisthesis (antelisthesis less than 33%), bilateral isthmic lysis (Fig. 2 A-C) and associated disc disease (herniated 
disc or protrusion).

MEYERDING’S CLASSIFICATION 
The degree of forward shift of one vertebral body on another is measured as a percentage according 

to Meyerding’s classification: 
Grade I 0-33% 

Grade II 34-66% 
Grade III  67-99% 

Grade IV  100% and spondyloptosis 
 

 
 

Fig. 1. Schematic representation of L5 listhesis on S1 first degree of Meyerding 
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Fig. 2 (A-B-C). Meyerding's first degree spondylolisthesis radiographic control of the degree of stability in flexion-
extension. A) flexion, B) indifferent, C) extension. 
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The infiltrative treatment was performed using Hitachi model Supria 16/32 Computed Tomography (CT) equipment. 
All patients were treated by CT-guided bilateral periganglionic infiltration of O2-O3 and O2-O3 injection into the lysis 
points in the neural arch.

To produce the oxygen-ozone mixture, a “Maxi Ozon Active International produced by Medica S.r.l. CE” generator 
device was used, equipped with a digital photometer for the regulation of ozone concentrations, with check valves for the 
collection of the gaseous mixture in absolute sterility.

Infiltration technique
After receiving written informed 

consent from the patients, the injection 
level was established based on 
neuroradiological findings and clinical 
symptoms. The level was confirmed by 
preliminary CT scans with patient in a 
prone position to determine the point of 
needle entry (Fig. 3).

The skin was disinfected using a 
polyvinylpyrrolidone iodine solution 
after local anesthetic with ethyl chloride 
spray. CT-guided puncture was then 
performed using needles with a caliber 22 
G. CT guidance also served to check the 
correct position of the needle (Fig. 4).

An aseptic technique was  used to 
fill a 10 ml polyethylene syringe with 
a gas mixture of oxygen-ozone 3 ml at 
a concentration of 25 µg/ml and was 
injected using a microporous filter to 

In our sample, 169 patients (93 females and 75 males, aged between 24- and 69-years-old median age 43.6) were 
included. Inclusion criteria were: presence of listhesis, isthmic lysis and associated disc disease, symptoms characterized 
by low back pain complicated or not by sciatica. In total, we enrolled 106 cases of listhesis L5 on SI and 62 cases L4 on 
L5; 119 protrusions in the bilateral median-paramedian area and 49 contained lateralized disc herniations.

In all cases the pathology was documented with standard radiograms completed with dynamic-morfal tests. In 
all patients, the diagnosis of the pathology of the posterior compartment to be treated was confirmed with Magnetic 
Resonance Imaging (MRI), all MRI investigations were carried out with Siemens Magnetom AERA 1.5 T equipment, 
SYNGO MR D13 software, using standard sequences and then completing the examination using Fat/Sat sequences 
without administration of contrast medium (Table I).
Table I. MRI Scan Protocol 

T2 SAG (Thickness 3 mm, Gap 20%, TR 3500, TE 100, Fov 300 mm, Matrix 384 Pd HF) 

T1 SAG (Thickness 3 mm, Gap 20%, TR 550, TE 9.7, Fov 300 mm, Matrix 384 Pd HF) 

T2 AX  (Thickness 3 mm, Gap 10%, TR 4280, TE 100, Fov 220 mm, Matrix 384 Pd AP) 

T2 SAG pair (Thickness 3 mm, Gap 20%, TR 3900, TE 100, Fov 300 mm, Matrix 384 Pd HF) 

T1 COR (Thickness 3 mm, Gap 15%, TR 420, TE 9.1, Fov 300 mm, Matrix 384 Pd RL) 

T1 FS SAG (Thickness 3 mm, Gap 20%, TR 2500, TE 39, Fov 300 mm, Matrix 384 Pd HF, Fat/Sat) 

T1 FS AX (Thickness 3 mm, Gap 20%, TR 3500, TE 39, Fov 220 mm, Matrix 384 Pd AP, Fat/Sat) 

 

Table I. MRI Scan Protocol

Fig. 3. CT study preliminary to the 
treatment documenting first degree 
Meyerding's listhesis of L4 on L5 
(arrow).

Fig. 4. CT scan with bone algorithms: 
verification of the correct positioning 
of the needle at the lysis point (arrows).
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Fig. 5 (A-B). A) correct positioning of the needle at the level of the periganglionic region (arrow); B) CT control of the 
distribution of the oxygen-ozone gas mixture at the level of the foraminal region (arrowheads) and in correspondence 
with the articular masses (arrowheads). 
 DISCUSSION

In this study we propose the treatment 
of the posterior compartment with 
injections of a gaseous mixture of oxygen 
and ozone, carried out through targeted 
infiltrations.

All treated patients with spondylolysis 
and spondylolisthesis were evaluated in 
a short-term (one week), medium (three 
months) and long-term (six months) 
period using the modified McNab’s 
method as an evaluation tool. In 114 
patients (114/168, equal to 67.9%), a 
total resolution of the painful symptoms 
was obtained, in 21 (12.5%) we obtained 
a result considered satisfactory by the 
patient, while in 33 patients no therapeutic 
benefit was obtained. At the subsequent 
three-month check-up (medium term), 
106 (63%) reported that the benefit of the 
treatment had remained constant while 44 
(26.2%) were in patients for whom the 
situation had not substantially changed 
with the therapy. In the long term (clinical 

Fig. 5 (A-B). A) correct positioning of the needle at the level of the periganglionic region (arrow); B) CT control of the 
distribution of the oxygen-ozone gas mixture at the level of the foraminal region (arrowheads) and in correspondence 
with the articular masses (arrowheads).

Fig 6 (A-B). A) Sagittal MRI before treatment documenting first degree 
Meyerding listhesis of L4 on L5 (arrows). B) MRI check at six months, 
from the iconographic point of view there are no substantial changes in 
the picture compared to a clear clinical benefit obtained with the therapy 
performed

           
 

Fig 6 (A-B). A) Sagittal MRI before treatment documenting first degree Meyerding listhesis of L4 on L5 (arrows). B) 
MRI check at six months, from the iconographic point of view there are no substantial changes in the picture compared 
to a clear clinical benefit obtained with the therapy performed 
 

minimize the risk of contamination. Further CT scans were done after infiltration to confirm the correct distribution of the 
gas mixture in the treatment site (Fig. 5 A-B).Patient was then kept under observation for around 30 min and subsequently 
discharged. Clinical outcome was assessed in all patients by short (one week), medium (3 months) and long-term (6 
months) follow-up using a modified version of McNab’s method:
• excellent: resolution of pain and return to normal activity carried out prior to pain onset;
• good or satisfactory: more than 50% reduction of pain;
• poor: partial reduction of pain below 70%.
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minimize the risk of contamination. Further CT scans were done after infiltration to confirm the correct distribution of the 
gas mixture in the treatment site (Fig. 5 A-B).Patient was then kept under observation for around 30 min and subsequently 
discharged. Clinical outcome was assessed in all patients by short (one week), medium (3 months) and long-term (6 
months) follow-up using a modified version of McNab’s method:
• excellent: resolution of pain and return to normal activity carried out prior to pain onset;
• good or satisfactory: more than 50% reduction of pain;
• poor: partial reduction of pain below 70%.
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follow-up at 6 months), 98 patients (58.3%) continued 
to report an excellent clinical result obtained with 
the therapy, while 16 (9.5%) reported a satisfactory 
result, while 54 (32.2%) were patients who had not 
experienced substantial benefits (Fig. 6 A-B).

In particular, control CT in patients who, in addition 
to listhesis, had a herniated disc (49 patients, 29.1%) 
documented complete dehydration of the hernia (in 29 
out of 49, 59.1%), obviously without any modification 
in the degree of listhesis (Fig. 7 A-B).

In the 54 patients re-evaluated in the long term (6 
months) we requested a neurosurgical evaluation of the 
situation and in 11 cases (6,5%) the neurosurgeon opted 
for spinal stabilization surgery, while in the remaining 43 
the patient continued exclusively a physiokinesitherapy 
rehabilitation program.

At the six-month clinical follow-up, the therapy 
therefore proved to be effective from an exclusively 
analgesic point of view in 98 patients (58.3%) (Table II).

Based on the acquired experience, we therefore believe 
that this therapeutic option can be offered to patients with 
Meyerding’s first degree listhesis. We also consider that, 
to achieve a satisfactory clinical result, a multidisciplinary 
therapeutic approach to this problem is indispensable and that the support of your physiatrist colleague is fundamental to plan a 
subsequent postural re-education intervention aimed at maintaining the acquired therapeutic result over time.

On the other hand, in cases where the therapeutic result has been poor or unsatisfactory, in addition to the intervention 
of the physiatrist colleague, a neurosurgical re-evaluation of the situation is essential to decide whether or not spinal 
stabilization surgery is essential.

CONCLUSIONS

In recent years, several studies have demonstrated the utility of oxygen-ozone therapy in the treatment of herniated discs 
(1-22). In light of the well-known mechanisms of action of the oxygen-ozone mixture (7-10), in this study we evaluated the 
therapeutic results obtained in the treatment of 168 patients suffering from non-discogenic low back pain caused by pathology of 
the posterior vertebral compartment afflicted by spondylolisthesis secondary to spondylolysis (28).

In most cases, good patient selection allows for striking clinical results; in reference to our case series, we found optimal 
therapeutic results in a percentage of approximately 58.3% and satisfactory in 9.5% of the cases treated considering the 
various pathologies.

We believe, in this regard, that the administration of deep paravertebral CT-guided oxygen-ozone therapy has precise 
control of needle tract, permitting the curative properties of the gas mixture, which improves local circulation and allows 
eutrophication in proximity of the compression of the nerve root during the experience of muscle spasms. It normalizes the 
level of cytokines and prostaglandins, acting as an anti-inflammatory and a pain reliever; it also increases the production of 
superoxide dismutase (SOD) with minimization of oxidizing reagents (ROS). Finally, the close proximity to the herniated 
material which causes accelerated dehydration or destruction of a non-vascularized tissue justify the satisfactory end 
result (7-10, 14, 17, 21-23).

Fig. 7 (A-B). Large right paramedian herniated (arrow) disc 
treated by oxygen-ozone therapy in patients with spondylolysis 
and spondylolisthesis. Complete dehydration after treatment

 

     
 

Fig. 7 (A-B). Large right paramedian herniated (arrow) disc treated by oxygen-ozone therapy in patients with 
spondylolysis and spondylolisthesis. Complete dehydration after treatment 

 
 

Table II. O2-O3 treatment in 168 patients 

Outcome excellent good poor 
At 1 week 114 (67.9%) 21 (12,5%) 33 (19.6%) 
At 3 months  106 (63,0%) 18 (10.8%) 44 (26,2%) 
At 6 months 98 (58,3%) 16 (9.5%) 54 (32.2%) 

Table II. O2-O3 treatment in 168 patients
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The rapid resolution of pain with no complications, the ease of performing the method and the complete control of 
infiltration thanks to the use of CT scan allow today to propose CT-guided oxygen-ozone therapy as a viable therapeutic 
alternative to other infiltrative or surgical treatment, also underlining how this type of therapy does not present 
contraindications that can hinder the success of the procedure itself.
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The rapid resolution of pain with no complications, the ease of performing the method and the complete control of 
infiltration thanks to the use of CT scan allow today to propose CT-guided oxygen-ozone therapy as a viable therapeutic 
alternative to other infiltrative or surgical treatment, also underlining how this type of therapy does not present 
contraindications that can hinder the success of the procedure itself.
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Resolution of a case of pes anserine bursitis with us-guided 
intrabursal infiltration of oxygen-ozone and MRI check in one month
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ABSTRACT

The author presents the case of a patient afflicted by pes anserine bursitis completely resolved thanks to treatment 
with oxygen-ozone therapy. The complete recovery was confirmed by the control with Magnetic Resonance one month 
after the treatment.

The imaging-guided intra-bursal injection of the oxygen-ozone gas mixture can therefore be considered a valid 
therapeutic alternative in the treatment of inflammatory and overload joint pathology; as a method of simple and rapid 
implementation with low costs and without significant side effects or contraindications.

Keywords: pes anserinus, anserine syndrome, ozone, pes anserine bursitis

INTRODUCTION

Pes anserine bursitis is part of the large group of so-called overload diseases. The inflammatory process affects 
the bursa’s anatomical complexity of the goose paw (sartorius, gracilis, and semitendinosus). The treatment of pes 
anserine bursitis finds as the first therapy the suspension of the activity that caused the inflammation, then uses not 
particularly aggressive therapies such as anti-inflammatory drugs, cryotherapy (for periods of 15 min), ultrasound 
physiotherapy, tecar therapy, strengthening of the quadriceps muscles, stretching of the internal flexor and rotator muscles 
of the knee. Oxygen-ozone therapy can be a valid and effective alternative in the treatment and resolution of the 
inflammatory process of pes anserine bursitis. In addition, the infiltration of the mixture directly into the bag, thanks to 
ultrasound control, allows the anti-edema effect of ozone optimally and effectively activates the mechanisms that oversee 
the anti-inflammatory response (1, 2).

Clinical Case
A 41-year-old male amateur basketball player underwent arthroscopic surgery for a medial meniscectomy in 

January 2016. In March, he came to our attention complaining of pain on the inside of the knee. The pain increased with 
movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
and the administration of anti-inflammatory drugs, he was subjected to magnetic resonance imaging of the knee (3) (Fig. 
1).
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ABSTRACT

Injury of the ulnar collateral ligament (UCL) of the thumb represents a common condition that has frequently been 
described in athletes like skiers but also may occur in other sports such as soccer, volleyball, basketball and rugby. Many 
treatment choices exist; it depends on the severity of injury, timing of presentation, patient’s comorbidity and associated 
soft tissue lesion. Grade I and II injuries may benefit from conservative treatment; a surgical approach is mandatory in 
case of a complete tear. The most used repair methods include the transosseous pull-out suture technique and reinsertion 
with a mini-anchor. This study aims to evaluate and compare the two surgical techniques in terms of functional and 
rehabilitative outcomes. From September 2020 to February 2022, 29 patients with a clinical and instrumental confirmed 
diagnosis of LCU injury of the thumb were recruited from the Orthopedics and Traumatology Unit of Policlinico of Bari. 
Sixteen patients underwent surgery with anchor repair; instead, 13 patients were treated with the pull-out technique. In 
the postoperative period, the patients were followed at first monthly, then at 6 months and at least 12 months. Sixteen 
patients (11 men, 5 women) underwent repair with an anchor; 13 patients (9 men, 4 women) underwent surgery with 
a pull-out technique. The anchor-treated cohort showed faster recovery of range of motion in flexion than the second 
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ABSTRACT

The author presents the case of a patient afflicted by pes anserine bursitis completely resolved thanks to treatment 
with oxygen-ozone therapy. The complete recovery was confirmed by the control with Magnetic Resonance one month 
after the treatment.

The imaging-guided intra-bursal injection of the oxygen-ozone gas mixture can therefore be considered a valid 
therapeutic alternative in the treatment of inflammatory and overload joint pathology; as a method of simple and rapid 
implementation with low costs and without significant side effects or contraindications.

Keywords: pes anserinus, anserine syndrome, ozone, pes anserine bursitis

INTRODUCTION

Pes anserine bursitis is part of the large group of so-called overload diseases. The inflammatory process affects 
the bursa’s anatomical complexity of the goose paw (sartorius, gracilis, and semitendinosus). The treatment of pes 
anserine bursitis finds as the first therapy the suspension of the activity that caused the inflammation, then uses not 
particularly aggressive therapies such as anti-inflammatory drugs, cryotherapy (for periods of 15 min), ultrasound 
physiotherapy, tecar therapy, strengthening of the quadriceps muscles, stretching of the internal flexor and rotator muscles 
of the knee. Oxygen-ozone therapy can be a valid and effective alternative in the treatment and resolution of the 
inflammatory process of pes anserine bursitis. In addition, the infiltration of the mixture directly into the bag, thanks to 
ultrasound control, allows the anti-edema effect of ozone optimally and effectively activates the mechanisms that oversee 
the anti-inflammatory response (1, 2).

Clinical Case
A 41-year-old male amateur basketball player underwent arthroscopic surgery for a medial meniscectomy in 

January 2016. In March, he came to our attention complaining of pain on the inside of the knee. The pain increased with 
movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
and the administration of anti-inflammatory drugs, he was subjected to magnetic resonance imaging of the knee (3) (Fig. 
1).
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ABSTRACT

Injury of the ulnar collateral ligament (UCL) of the thumb represents a common condition that has frequently been 
described in athletes like skiers but also may occur in other sports such as soccer, volleyball, basketball and rugby. Many 
treatment choices exist; it depends on the severity of injury, timing of presentation, patient’s comorbidity and associated 
soft tissue lesion. Grade I and II injuries may benefit from conservative treatment; a surgical approach is mandatory in 
case of a complete tear. The most used repair methods include the transosseous pull-out suture technique and reinsertion 
with a mini-anchor. This study aims to evaluate and compare the two surgical techniques in terms of functional and 
rehabilitative outcomes. From September 2020 to February 2022, 29 patients with a clinical and instrumental confirmed 
diagnosis of LCU injury of the thumb were recruited from the Orthopedics and Traumatology Unit of Policlinico of Bari. 
Sixteen patients underwent surgery with anchor repair; instead, 13 patients were treated with the pull-out technique. In 
the postoperative period, the patients were followed at first monthly, then at 6 months and at least 12 months. Sixteen 
patients (11 men, 5 women) underwent repair with an anchor; 13 patients (9 men, 4 women) underwent surgery with 
a pull-out technique. The anchor-treated cohort showed faster recovery of range of motion in flexion than the second 



76 of 109

www.biolife-publisher.it Journal of Orthopedics 2023 May-Aug; 15(2): 75-84Journal of Orthopedics 2023 Mag-Sep; 15(2): -/- 

F. Rifino et al. 2 of 10

www.biolife-publisher.it

group (P-value 0.046668). In contrast, no statistically significant difference was found in the extension recovery. At 6 
months follow-up, the strange recovery was 94.4% for patients treated with anchors compared with 95.33% in patients 
operated with transosseous pull-out. The improvement of the pincer grip at 6 months in the anchor-treated cohort was 
96.4%, while it was 94.96% in the other group. At least stability tests showed overlapping results. The two methods are 
found to be safe and effective for treating acute LCU injuries of the thumb. However, sutures with anchors allow earlier 
rehabilitation, which could eventually explain the better range of motion achieved by the patient treated with anchors 
6 months after surgery compared with patients undergoing pull-out surgery. Despite the better functional and strength 
outcomes observed in the group of patients undergoing anchor repair, there is no significant difference between the two 
groups to justify the superiority of one technique over the other from a prognostic point of view.

KEYWORDS: ulnar collateral ligament, thumb, free tendon graft, rupture, avulsion fracture, surgery 

INTRODUCTION

The injury of the ulnar collateral ligament (UCL) of the thumb, also known as the skier’s thumb, may occur due to a 
sharp joint sprain following trauma in violent hyperabduction. This sudden movement causes the ligament to rupture. The 
most common site of injury is the base of the proximal phalanx of the thumb, but in some cases, the injury may affect the 
head of the metacarpal or its intermediate tract (1, 2). In 1962, Stener pointed out that in the case of a complete laceration 
of the ulnar collateral ligament, the main problem was the absence of spontaneous scarring due to the interposition of 
adductor aponeurosis. Also referred to as Stener’s injury, it is believed that this soft tissue interposition precludes healing 
(1, 2). That is why Stener’s injury often requires surgery. It is now widely accepted that a complete lesion of the ulnar 
collateral ligament must be repaired to avoid laxity, weakness and chronic pain regardless of the presence or absence of 
a Stener injury (1, 3). 

Different surgical techniques have been used for UCL rupture, such as the dynamic transfer of the adductor pollicis 
tendon, ligament reconstruction with tendon graft, MCP fusion or adductor advancement (4, 5). 

The aim of the current study is to compare the functional outcomes of two different surgical techniques in two cohorts 
of patients with complete ulnar collateral ligament rupture of the metacarpophalangeal joint of the thumb after treatment 
with two different surgical techniques. The first group underwent surgery with anchor repair, while the second group was 
treated with an intraosseus pull-out suture technique. Afterwards, in both cases, the limb was immobilized in plaster. 

Anatomy
The stability of the first metacarpophalangeal joint is provided by static and dynamic stabilizers and by the articular 

surface itself. The MCP is a diarthrodial joint that allows six degrees of movement: flexion-extension, abduction-adduction 
and rotation are enabled. Static stability is provided by bony anatomy, collateral ligaments, volar plate and dorsal capsule; 
dynamic stability is provided by extrinsic (extensor pollicis longus, extensor pollicis brevis, flexor pollicis longus) and 
intrinsic (abductor pollicis brevis, flexor pollicis brevis, adductor pollicis) muscle groups. 

The ulnar collateral ligament (UCL) is composed of two distinct bundles: the proper ulnar and the collateral ligament 
accessory (6).

The proper bundle of UCL originates below the metacarpal head and inserts at the base of the proximal phalanx. The 
accessory is more superficial, fused with the volar plate, and inserted at the proximal phalanx’s base. The main function 
of the UCL is to provide resistance to stress in valgus and volar subluxation.

 During extension, the accessory ulnar collateral ligament is in tension, while the proper bundle is lax. At about 30 
degrees of flexion, the proper ulnar collateral ligament tightens up while the accessory bundle becomes lax (Fig. 1a, b).

Tolerable grades of laxity in physiological valgus are about 6 degrees in extension and 12 degrees in flexion (7-9) The 
UCL’s primary function is to resist radial stress and volar subluxation (10, 11) (Fig. 2).

Clinical presentation and imaging
The first assessment consists of an inspection of the joint. Ecchymosis, swelling, and oedema may be found; on 
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group (P-value 0.046668). In contrast, no statistically significant difference was found in the extension recovery. At 6 
months follow-up, the strange recovery was 94.4% for patients treated with anchors compared with 95.33% in patients 
operated with transosseous pull-out. The improvement of the pincer grip at 6 months in the anchor-treated cohort was 
96.4%, while it was 94.96% in the other group. At least stability tests showed overlapping results. The two methods are 
found to be safe and effective for treating acute LCU injuries of the thumb. However, sutures with anchors allow earlier 
rehabilitation, which could eventually explain the better range of motion achieved by the patient treated with anchors 
6 months after surgery compared with patients undergoing pull-out surgery. Despite the better functional and strength 
outcomes observed in the group of patients undergoing anchor repair, there is no significant difference between the two 
groups to justify the superiority of one technique over the other from a prognostic point of view.

KEYWORDS: ulnar collateral ligament, thumb, free tendon graft, rupture, avulsion fracture, surgery 

INTRODUCTION

The injury of the ulnar collateral ligament (UCL) of the thumb, also known as the skier’s thumb, may occur due to a 
sharp joint sprain following trauma in violent hyperabduction. This sudden movement causes the ligament to rupture. The 
most common site of injury is the base of the proximal phalanx of the thumb, but in some cases, the injury may affect the 
head of the metacarpal or its intermediate tract (1, 2). In 1962, Stener pointed out that in the case of a complete laceration 
of the ulnar collateral ligament, the main problem was the absence of spontaneous scarring due to the interposition of 
adductor aponeurosis. Also referred to as Stener’s injury, it is believed that this soft tissue interposition precludes healing 
(1, 2). That is why Stener’s injury often requires surgery. It is now widely accepted that a complete lesion of the ulnar 
collateral ligament must be repaired to avoid laxity, weakness and chronic pain regardless of the presence or absence of 
a Stener injury (1, 3). 

Different surgical techniques have been used for UCL rupture, such as the dynamic transfer of the adductor pollicis 
tendon, ligament reconstruction with tendon graft, MCP fusion or adductor advancement (4, 5). 

The aim of the current study is to compare the functional outcomes of two different surgical techniques in two cohorts 
of patients with complete ulnar collateral ligament rupture of the metacarpophalangeal joint of the thumb after treatment 
with two different surgical techniques. The first group underwent surgery with anchor repair, while the second group was 
treated with an intraosseus pull-out suture technique. Afterwards, in both cases, the limb was immobilized in plaster. 

Anatomy
The stability of the first metacarpophalangeal joint is provided by static and dynamic stabilizers and by the articular 

surface itself. The MCP is a diarthrodial joint that allows six degrees of movement: flexion-extension, abduction-adduction 
and rotation are enabled. Static stability is provided by bony anatomy, collateral ligaments, volar plate and dorsal capsule; 
dynamic stability is provided by extrinsic (extensor pollicis longus, extensor pollicis brevis, flexor pollicis longus) and 
intrinsic (abductor pollicis brevis, flexor pollicis brevis, adductor pollicis) muscle groups. 

The ulnar collateral ligament (UCL) is composed of two distinct bundles: the proper ulnar and the collateral ligament 
accessory (6).

The proper bundle of UCL originates below the metacarpal head and inserts at the base of the proximal phalanx. The 
accessory is more superficial, fused with the volar plate, and inserted at the proximal phalanx’s base. The main function 
of the UCL is to provide resistance to stress in valgus and volar subluxation.

 During extension, the accessory ulnar collateral ligament is in tension, while the proper bundle is lax. At about 30 
degrees of flexion, the proper ulnar collateral ligament tightens up while the accessory bundle becomes lax (Fig. 1a, b).

Tolerable grades of laxity in physiological valgus are about 6 degrees in extension and 12 degrees in flexion (7-9) The 
UCL’s primary function is to resist radial stress and volar subluxation (10, 11) (Fig. 2).

Clinical presentation and imaging
The first assessment consists of an inspection of the joint. Ecchymosis, swelling, and oedema may be found; on 
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palpation, the patient will experience pain as well 
as during extension and flexion of the thumb and 
weakness in the movement of prehension. 

Radiographs should always be requested if 
patients have a history and clinical presentation 
suggestive of UCL injury. It may be useful to 
undergo stress views X-rays to evaluate the degree 
of laxity better. 

Ultrasound (US) represents an additional 
noninvasive and inexpensive modality for the study 
of the UCL. This method shows accuracy ranging 
from 40% to 92%. A review of the literature on 
ultrasound examination of the UCL lesion shows 
a sensitivity of 76%, specificity of 81%, accuracy 
of 81%, positive predictive value of 74%, and 
negative predictive value of 87% (12).

Magnetic resonance imaging (MRI) can be 
very helpful in pursuing UCL injury, especially 
when ultrasound examination is not diriment or 
of unambiguous interpretation. Another method 
is arthrography, which is even more accurate than 
MRI alone. A sensitivity and specificity of 100% 
has been reported with MRI compared with 88% 
and 83% of ultrasound, respectively (13, 14).In 
order to describe the extent of the lesion, a UCL 
Instability Grading System is used:
• Grade 1: incomplete tear, sprain without instability
• Grade 2: incomplete tear with asymmetric 

joint laxity but endpoint present
• Grade 3: complete tear with joint instability 

without endpoint with more than 30-35° of 
joint space opening or 10-15° more than the 
contralateral thumb

Non-operative treatment
Immobilization in a splint or cast for 4 to 6 

weeks could be considered a valid option in patients 
with Grade 1 and Grade 2 since these are partial 
injuries (4). Between the second and fourth week, 
physiotherapy can be started to recover movement 
while trying to avoid the valgus stresses of the MCF. In some cases, nonsurgical treatment has also been used with good 
outcomes in Grade III injuries. Some studies showed a good recovery of MCP function that appeared stable and pain-free in 
85% to 90% of patients; however, the remaining patients continued to have pain and instability, eventually requiring surgical 
intervention. Therefore, nonsurgical treatment of grade III injuries should be considered cautiously (15, 16).

Regarding UCL lesions with an avulsion fracture, the literature appears quite conflicting. In cases of absence or 
minimal fragment displacement, conservative treatment with immobilization may be considered. The results, however, 
are very discordant: some studies show a recovery rate of 20% to 60% of cases, with total satisfaction of all patients not 
surgically treated; in other studies, however, patients reported persistent pain and instability after immobilization (17-19). 
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Fig. 2. UCL’s primary function is to resist radial stress and volar 
subluxation.

Fig. 1. A and B): The proper ulnar collateral ligament tightens up 
while the accessory bundle becomes lax.

A.

B.

Fig. 1. A and B): The proper ulnar collateral ligament tightens up while the accessory bundle becomes lax.
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Therefore, careful instrumental examination (X-ray and CT) is necessary to avoid misclassifying these fractures, leading 
to pseudoarthrosis and post-traumatic arthrosis with pain and stiffness (19).

Operative treatment
Surgical treatment is mandatory in case of acute Grade 3 injuries with more than 15° side to side variations of varus/

valgus instability, more than >30-35° of opening and Stener lesion.

PATIENTS AND METHODS

Patients
From September 2020 until February 2022, 29 patients with a diagnosed lesion of the ulnar metacarpophalangeal 

collateral ligament (UCL) of the thumb were referred to the Orthopedics and Traumatology Unit of Policlinico di Bari. 
The patients mentioned above underwent surgical treatment for the repair of the injury. They were randomly divided into 
two groups: 16 patients underwent repair of the ULC with anchors, while the remaining 13 underwent repair by pull-out 
technique. After surgery, patients were followed up monthly for the first three months, then after six months, and at least 
annually. Follow-up data of the 29 patients included in the study were collected with a minimum latency of 6 months after 
surgery. This study did not consider patients with a follow-up of less than 6 months. 

Methods
The same surgical team performed the postoperative evaluations in a dedicated clinic at each check. The surgical results 

were evaluated objectively, subjectively and radiographically. The objective evaluation consisted of stability by stressing 
the joint radically and ulnarly, range of motion of both extensor and flexor components of the thumb, and grip strength first 
of all fingers and then of the thumb individually. In our study, all patients underwent the Hand Grip Test, a specific test for 
hand grip strength. Patients were then objectively evaluated using a hand-held dynamometer n. EH101. These results were 
compared to the contralateral healthy hand. Subjective data consisted of pain and limitation of activity. For the first three 
months, patients were required to follow up radiographically with X-rays in two projections of the wrist and hand.

 
Statistic evaluation

Continuous variables were reported as means and standard deviations (SD); categorical variables, on the other hand, 
as numbers and percentages. A p-value <0.05 was statistically significant; analyses were performed using SPSS 22.0 
(IBM Corp., Armonk, NY, USA).

Surgical technique
Twenty-nine patients in our study were divided into two groups according to the surgical technique they underwent: 

13 patients treated with transosseous pull-out sutures and 16 patients treated with mini anchors. 

Transosseus pull-out suture
A curvilinear cutaneous incision was made for access to the ulnar side of the first metacarpophalangeal joint, and 

then an incision of the aponeurosis of the adductors was made. Firstly, a capsulotomy and exploration of the ulnar 
collateral ligament of the first metacarpal phalange joint was performed, and the same joint was temporarily stabilized 
with transosseous K-wire (size 1.2 mm). Secondly, two transosseous tunnels were created in the proximal phalanx, and a 
pull-out of the UCL’s accessory bundles was made. All patients underwent a fluoroscopic check. Then, the aponeurosis of 
the adductors and the overlying planes were sutured. At the end of the surgery, the limb was immobilized in a splint cast, 
and a postoperative X-ray was performed. The removal of the button in support of the suture was then carried out about 
40 days after surgery after joint stability was assessed clinically, with specific tests, and radiographically.

Reinsertion with mini anchor
A curvilinear incision was made dorsally for access to the ulnar side of the first ray metacarpophalangeal joint. Then, 
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and a postoperative X-ray was performed. The removal of the button in support of the suture was then carried out about 
40 days after surgery after joint stability was assessed clinically, with specific tests, and radiographically.

Reinsertion with mini anchor
A curvilinear incision was made dorsally for access to the ulnar side of the first ray metacarpophalangeal joint. Then, 
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an incision of the aponeurosis of the adductors was run. A capsulotomy and exploration of the ulnar collateral ligament of 
the first metacarpal phalange joint was performed, and the same joint was temporarily stabilized with transosseous K-wire 
(size 1.2 mm). At this point, with the aid of intraoperative fluoroscopy and after having assessed the joint instability in 
radial stress deviation, a 2.4 mm FASTack Arthrex anchor was inserted at the base of the proximal phalanx, and then the 
disengaged ulnar collateral ligament was retentioned. Afterwards, all patients were subjected to a fluoroscopic check with 
an assessment of the implant stability, and then they underwent adductors aponeurosis and overlying plane suture. At the 
end of the surgery, each patient was treated with immobilization in a cast and subsequent postoperative RX control.

RESULTS

Twenty-nine patients with UCL lesions of the thumb underwent surgical treatment; 16 (55.17%, of which 11 men and 
5 women) were subjected to surgical treatment with mini-anchor repair and 13 (44.83%, of which 9 men and 4 women) 
instead, undergone surgery with pull out technique.

Patients’ ages range from a minimum age of 23 to a maximum of 59 years, with an average age of 41.86 years. The 
average age of women at the time of surgery is 36.78 years, that of men over 44.15 years. 

The lesion of the ulnar collateral ligament found among the patients is secondary in 79.31% to an established trauma; 
in 20.69% of the cases, it was impossible to find an objective cause, neither traumatic nor of other nature. In the sample of 
traumatized patients, 52.17% reported sports trauma, 43.48% following an accidental fall, and only in one case (4.35%) 
a car crash. 

Range of motion 
At the six-month follow-up, the range of motion (ROM) was evaluated individually in flexion and extension, from 0° 

to 90°, of all fingers and the thumb. Patients undergoing surgical treatment with an anchor recovered the range of flexion 
motion earlier than those treated with a pull-out technique (Table I).

 Regarding the range of motion in extension, a complete recovery was recorded in almost all patients 6 months after 
surgery; there was no statistically significant difference between the two groups, so the results could be considered 
comparable (Table II).

Grip and pinch strength
The grip strength (expressed in kilogram) was evaluated 6 months after the surgery, both for the mini-anchor treated 

group (Table III) and for the pull-out treated cohort (Table IV). 
Table I. MCP flexion R.O.M at six month follow-up (85±6.32 vs 80±9.13, T-value 1.7395. P-value 0.046668)
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Due to the significant heterogeneity of data (gender and age particularly), a comparison between the strength of both 
limbs was preferred. Both groups showed a progressive recovery of strength, equal to 94.4% in patients operated with an 
anchor and 95.33% in patients with transosseous pull-out. However, no statistically significant differences were found 
between the two groups. Six months after surgery, neither technique effectively recovered the grip strength and the pinch 

Table II. MCP extention R.O.M at six month follow-up (86,88±4,79 vs 86,15±5,06, T-value 0.39319. P-value 0.348633. 
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Table III. Recovery of Grip and pinch strength in the affected arm vs contralateral healthy side in patient undergone 
surgical suture anchor at six month follow up (41.93 vs 44.42) 
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Table IV. Recovery of Grip and pinch strength in the affected arm vs contralateral healthy side in patient undergone 
surgical transosseus pull-out suture at six month follow up (42.44 vs 44.52)
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surgical transosseus pull-out suture at six month follow up (42.44 vs 44.52)
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strength (p-value 0. 474862 with p<0.05). All data collected among the patients undergoing the study align with those 
described in the literature. Regarding the grip strength related only and exclusively to the thumb, the recovery of strength 
at 6 months in patients who underwent operation with an anchor was 96.4%, while it was 94.96% in patients operated with 
the pull-out technique (Tables V and VI); 

However, no statistically significant differences were found between the two groups (p-value 0. 212868 with p<0.05).

Stability
Joint stability was assessed by exerting ulnar stress at the metacarpophalangeal joint of the first finger. Data were 

collected from 10° to 30° (1 patient in both groups). No statistically significant differences were found between the two 
groups examined.

In addition to the clinical evaluation six months after the surgery, an evaluation questionnaire (Table VII) was 
administered regarding the patient’s quality of life. The team used the questionnaire for the upper limb DASH (Disability 
of the Arm, Shoulder and Hand), suitably modified to adapt to the anatomical district considered and the type of surgery 
performed. The questionnaire is based on a total of 31 items.

Patients expressed numerical evaluation for each item from a minimum value of 1 (no difficulty) to a maximum value 
of 5 (unable). 

Table V. Recovery of Grip  strength in the affected thumb vs contralateral healthy side in patient undergone surgical 
suture anchor at six month follow up  (11.79  vs 12.23) 

AFFECTED THUMB HEALTHY THUMB 

Table V. Recovery of Grip  strength in the affected thumb vs contralateral healthy side in patient undergone surgical 
suture anchor at six month follow up  (11.79  vs 12.23)

Table VI. Recovery of Grip  strength in the affected thumb vs contralateral healthy side in patient undergone surgical 
transosseus pull-out suture at six month follow up (11.68  vs 12.30) 
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Table VI. Recovery of Grip  strength in the affected thumb vs contralateral healthy side in patient undergone surgical 
transosseus pull-out suture at six month follow up (11.68  vs 12.30)
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The comparison between the two groups did not provide a statistically significant difference at six months. However, 
the patients who were operated on with anchor showed a higher level of satisfaction (average value 4.05) compared to 
patients who had undergone surgery with the pull-out technique (mean value 3.85).

Table VI. Evaluation questionnaire 
 

 
 

- To unscrew the lid of a tightly closed jar 

- Writing 

- To turn a key 

- To prepare a meal 

- To open a heavy door by pushing 

- Doing heavy housework (e.g. washing floors or windows) 

- Gardening  

- Making the bed 

- To carry a shopping bag  

- To lift a heavy object (over 5 kg) 

- To wash or dry your hair 

- Using a knife  

- Leisure activities requiring little effort (e.g. playing cards, knitting) 

- Recreational activities  

- How much the hand problem interfered with normal social activities with family, friends, etc. 

- How much the hand problem has limited the work or other routine daily activities 

- Pain  

- Hand pain in any specific activity 

- Tingling  

- Weakness  

- Stiffness  

- How difficult it was to sleep due to hand pain 

- How less capable it was to feel, less confident or less useful due to hand problem 

- Difficulty in using the usual technique to work 

- Difficulty in doing normal work due to hand pain 

- Difficulty in doing the job well  

- Difficulty in devoting the usual amount of time to work 

- Any difficulty playing the musical instrument or playing sports 

- Any difficulty in playing musical instruments or playing sports because of hand pain? 

- Difficult playing the musical instrument or playing sports as well as you would like 

- Difficulty in devoting the usual amount of time to the musical instrument or sport 

Table VII. Evaluation questionnaire 
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DISCUSSION

The purpose of the study was to compare two surgical techniques for the repair of acute ulnar collateral ligament 
injury of the thumb. The groups were divided randomly by age and sex. Specifically, the repair of UCL with anchor and 
the transosseous pull-out have been considered. The parameters that the study focused on at 6 months follow-up were the 
thumb’s range of motion in flexion and extension, the joint’s stability, the grip and pinch strength of the hand and of the 
thumb itself, objectified by the dynamometer. 

The technique with anchors has proved more manageable in the execution, with lower ischemia times and no intra-
operative and postoperative complications. The pull-out technique has also been shown to be free of adverse events; despite 
everything, the surgical time with the latter technique lengthens considerably the times of ischemia, however, without any 
complication at the six-month follow-up. In scientific literature, only two works have considered the comparison between 
these two surgical methods (1, 19).

Both works considered parameters similar to our study, such as joint range of movement, grip strength, overall patient 
satisfaction, costs, and documented ischemia times. The statistically significant differences found in these two studies 
relate to two parameters: the thumb range of motion in flexion at 6 months of follow-up, which establishes superiority 
in the short term of the group undergoing surgery with anchor and the time of ischemia, significantly higher in patients 
undergoing surgery with a pull-out technique. In addition, many adverse events have also been reported and documented 
in patients undergoing surgery with pull-out (e.g., erythema, infections) (1). 

The pull-out technique presents greater difficulty in execution, longer time and more accurate surgical preparation (1, 
19); it is usually a surgical procedure that requires more surgical experience.

In the above studies (1, 19) and ours, the presence of the button in the transosseous pull-out suture technique seems 
less welcome by the patient. Its maintenance in place for a minimum period of 30 days post-surgery has thus adversely 
affected the beginning of physiotherapy, delaying the healing. This last aspect could determine a statistical significance 
regarding the best recovery at six months of the thumb range of motion in flexion in patients undergoing treatment with 
anchor repair. 

Partial data at 1-year follow-up (not included in the study because they affect a very small percentage of the patients 
under study) appear to show the disappearance of the above discrepancies with complete recovery of joint ROM fully 
comparable to the healthy limb.

CONCLUSION

Both methods are safe and effective for treating acute ulnar collateral ligament injuries of the thumb. However, 
suture with anchors allows an earlier rehabilitative protocol, which could explain the better range of motion achieved at 
6 months postoperatively by the patient treated with anchors, compared with patients undergoing surgery with the pull-
out technique. Further conclusions could be drawn from the prosecution of the present study and the addition of new 
evaluative parameters.
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ABSTRACT

The author presents the case of a patient afflicted by pes anserine bursitis completely resolved thanks to treatment 
with oxygen-ozone therapy. The complete recovery was confirmed by the control with Magnetic Resonance one month 
after the treatment.

The imaging-guided intra-bursal injection of the oxygen-ozone gas mixture can therefore be considered a valid 
therapeutic alternative in the treatment of inflammatory and overload joint pathology; as a method of simple and rapid 
implementation with low costs and without significant side effects or contraindications.

Keywords: pes anserinus, anserine syndrome, ozone, pes anserine bursitis

INTRODUCTION

Pes anserine bursitis is part of the large group of so-called overload diseases. The inflammatory process affects 
the bursa’s anatomical complexity of the goose paw (sartorius, gracilis, and semitendinosus). The treatment of pes 
anserine bursitis finds as the first therapy the suspension of the activity that caused the inflammation, then uses not 
particularly aggressive therapies such as anti-inflammatory drugs, cryotherapy (for periods of 15 min), ultrasound 
physiotherapy, tecar therapy, strengthening of the quadriceps muscles, stretching of the internal flexor and rotator muscles 
of the knee. Oxygen-ozone therapy can be a valid and effective alternative in the treatment and resolution of the 
inflammatory process of pes anserine bursitis. In addition, the infiltration of the mixture directly into the bag, thanks to 
ultrasound control, allows the anti-edema effect of ozone optimally and effectively activates the mechanisms that oversee 
the anti-inflammatory response (1, 2).

Clinical Case
A 41-year-old male amateur basketball player underwent arthroscopic surgery for a medial meniscectomy in 

January 2016. In March, he came to our attention complaining of pain on the inside of the knee. The pain increased with 
movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
and the administration of anti-inflammatory drugs, he was subjected to magnetic resonance imaging of the knee (3) (Fig. 
1).
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ABSTRACT

Total Hip Replacement has become one of the most successful orthopaedic procedures, optimizing patients’ life quality 
and postoperative mobility. In the last few years has rapidly grown a demand for novel mininvasive THA techniques. 
The supercapsular percutaneously assisted total hip (SuperPath) technique has gradually become more popular in THA 
surgery in recent years. Purpose of this paper is to compare difference between SuperPath approach and conventional 
posterolateral approach in total hip arthroplasty. This was a prospective, randomized controlled study, enrolling a total of 
120 patients, 60 treated with a SuperPath and 60 with posterolateral approach, treated in our institution from August 2019 
to Decembre 2022. General demographic characteristics, intraoperative data and hospitalization time were collected. 
As primary endpoint, the Harris Hip Score was calculated to assess functional recovery. Pain management, need for 
transfusion, and hospital stay were evaluated as secondary endpoints. HHS scores showed that these were significantly 
higher in the SuperPATH group than in the conventional group (P<0.05) at 1 month and 3 months after the intervention, 
while no significant difference was found at 6 months. Hospitalization time in the SuperPATH group was significantly 
shorter than in the conventional group (P<0.05). These results suggested that the SuperPATH approach promotes the 
speed of recovery for hip function and reduces pain in THA patients.

KEY WORDS: total hip arthroplasty, SuperPath, posterolateral approach, comparison
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ABSTRACT

The author presents the case of a patient afflicted by pes anserine bursitis completely resolved thanks to treatment 
with oxygen-ozone therapy. The complete recovery was confirmed by the control with Magnetic Resonance one month 
after the treatment.

The imaging-guided intra-bursal injection of the oxygen-ozone gas mixture can therefore be considered a valid 
therapeutic alternative in the treatment of inflammatory and overload joint pathology; as a method of simple and rapid 
implementation with low costs and without significant side effects or contraindications.

Keywords: pes anserinus, anserine syndrome, ozone, pes anserine bursitis

INTRODUCTION

Pes anserine bursitis is part of the large group of so-called overload diseases. The inflammatory process affects 
the bursa’s anatomical complexity of the goose paw (sartorius, gracilis, and semitendinosus). The treatment of pes 
anserine bursitis finds as the first therapy the suspension of the activity that caused the inflammation, then uses not 
particularly aggressive therapies such as anti-inflammatory drugs, cryotherapy (for periods of 15 min), ultrasound 
physiotherapy, tecar therapy, strengthening of the quadriceps muscles, stretching of the internal flexor and rotator muscles 
of the knee. Oxygen-ozone therapy can be a valid and effective alternative in the treatment and resolution of the 
inflammatory process of pes anserine bursitis. In addition, the infiltration of the mixture directly into the bag, thanks to 
ultrasound control, allows the anti-edema effect of ozone optimally and effectively activates the mechanisms that oversee 
the anti-inflammatory response (1, 2).

Clinical Case
A 41-year-old male amateur basketball player underwent arthroscopic surgery for a medial meniscectomy in 

January 2016. In March, he came to our attention complaining of pain on the inside of the knee. The pain increased with 
movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
and the administration of anti-inflammatory drugs, he was subjected to magnetic resonance imaging of the knee (3) (Fig. 
1).
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ABSTRACT

Total Hip Replacement has become one of the most successful orthopaedic procedures, optimizing patients’ life quality 
and postoperative mobility. In the last few years has rapidly grown a demand for novel mininvasive THA techniques. 
The supercapsular percutaneously assisted total hip (SuperPath) technique has gradually become more popular in THA 
surgery in recent years. Purpose of this paper is to compare difference between SuperPath approach and conventional 
posterolateral approach in total hip arthroplasty. This was a prospective, randomized controlled study, enrolling a total of 
120 patients, 60 treated with a SuperPath and 60 with posterolateral approach, treated in our institution from August 2019 
to Decembre 2022. General demographic characteristics, intraoperative data and hospitalization time were collected. 
As primary endpoint, the Harris Hip Score was calculated to assess functional recovery. Pain management, need for 
transfusion, and hospital stay were evaluated as secondary endpoints. HHS scores showed that these were significantly 
higher in the SuperPATH group than in the conventional group (P<0.05) at 1 month and 3 months after the intervention, 
while no significant difference was found at 6 months. Hospitalization time in the SuperPATH group was significantly 
shorter than in the conventional group (P<0.05). These results suggested that the SuperPATH approach promotes the 
speed of recovery for hip function and reduces pain in THA patients.

KEY WORDS: total hip arthroplasty, SuperPath, posterolateral approach, comparison
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INTRODUCTION

Total Hip Replacement has become one of the most successful orthopaedic procedures, optimizing patients’ life 
quality and postoperative mobility (1), especially in case of hip osteoarthritis. Driven by the aging of the world population, 
the demand for THA is expected to grow exponentially in the next two decades. Kurtz et al noted a 50% increase in the 
prevalence of THA from 1990 to 2002 and projected a 174% increase, in THA from 208,600 in 2005 to 572,000 in 2030 
(2). 

There are several surgical approaches that are used in primary THA. Currently, the posterior approach is the most 
common approach utilized in the world, even if the anterior approach has gained popularity in the last few years, while 
direct lateral approach (Hardinge modified) continues to be very used. There are many studies in which these approaches 
are compared in terms of functional results, pain suffering, recovery, risk of dislocation, but no one is able to provide a 
firm recommendation on which one is overall superior to the others (3). 

These traditional THA approaches, however, frequently have drawbacks, such as significant bleeding and damage, 
high postoperative complications, and a lengthy recovery time (4). For these reasons, in the last few years has rapidly 
grown a demand for novel mininvasive surgery (MIS) in THA. MIS essentially involves the modification of conventional 
standard approaches with emphasis on reduction of skin incision length and decreased soft-tissue dissection. Nevertheless, 
they could overcome even other traditional approach problems, such as postoperative pain, blood loss and enhancing 
postoperative functional results. However, it is necessary to fully understand if their use could be related with a longer 
operative time, wrong acetabular cup or femoral stem implant, and higher complication rates in general. 

The supercapsular percutaneously assisted total hip (SuperPath) technique has gradually become more popular in THA 
surgery in recent years (5) and consist in a combination of Superior Capsulotomy described by Murphy in 2004 (6)  and 
percutaneously assisted total hip arthroplasty (PATH) described by Penenberg et al. in 2008 (7). Patients using SuperPath 
have smaller surgical incisions, which could lead to reduced scarring and decreased recovery time (8). The benefit of 
a minimally invasive technique that spares the iliotibial band and short external rotators, including the piriformis, is 
achieved by the SuperPATH method. Using the greater trochanter as a marker, the femur is broached in place. In this 
method, the hip does not have to be dislocated, allowing the piriformis to be preserved using the short external rotators. 
Comparatively to more conventional procedures, which demand surgical hip dislocation to prepare the femur and carry 
out the femoral neck cut, this provides protection against dislocations. Additionally, it uses percutaneous equipment to 
avoid the requirement for angled acetabular reamers and perform standard acetabular preparation and reaming from a 
more direct angle.

MATERIALS AND METHODS 

Patients and grouping
The objective is to evaluate the difference between the SuperPATH approach and the conventional posterolateral 

approach in total hip arthroplasty in patients admitted to the Orthopedic and Traumatology of Policlinico di Bari and to 
assess short-term functional outcomes (up to 6 months postoperatively). Visual Analogic Scale (VAS) and Harris Hip 
Score (HHS) at 1, 3 and 6 months postoperative were considered for functional assessment of outcomes following THA 
implantation according to these techniques.

This was a prospective, randomized controlled study and performed in accordance with the ethical standards set forth 
in the 1964 Declaration of Helsinki. All patients involved in the study gave informed consent prior to their inclusion in 
the study. Patients who were to undergo primary THA for hip osteoarthritis, were enrolled and treated at Policlinico di 
Bari between August 2019 and December 2022. Inclusion criteria were primary hip osteoarthritis, age between 40 and 81 
years, body mass index (BMI) between 20 and 29.9, and chronic history (for at least 4 months) of hip joint pain.

Exclusion criteria were inflammatory hip disease or acetabular dysplasia, infection, coagulopathy, previous hip 
surgery, history of deep vein thrombosis or pulmonary embolism, rheumatoid arthritis, pregnancy, and patients who were 
unable to understand and complete the procedure due to cognitive dysfunction or language barrier. Between August 2019 
and December 2022, seventy patients with hip osteoarthritis were evaluated for eligibility for the present study. Five 
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Total Hip Replacement has become one of the most successful orthopaedic procedures, optimizing patients’ life 
quality and postoperative mobility (1), especially in case of hip osteoarthritis. Driven by the aging of the world population, 
the demand for THA is expected to grow exponentially in the next two decades. Kurtz et al noted a 50% increase in the 
prevalence of THA from 1990 to 2002 and projected a 174% increase, in THA from 208,600 in 2005 to 572,000 in 2030 
(2). 

There are several surgical approaches that are used in primary THA. Currently, the posterior approach is the most 
common approach utilized in the world, even if the anterior approach has gained popularity in the last few years, while 
direct lateral approach (Hardinge modified) continues to be very used. There are many studies in which these approaches 
are compared in terms of functional results, pain suffering, recovery, risk of dislocation, but no one is able to provide a 
firm recommendation on which one is overall superior to the others (3). 

These traditional THA approaches, however, frequently have drawbacks, such as significant bleeding and damage, 
high postoperative complications, and a lengthy recovery time (4). For these reasons, in the last few years has rapidly 
grown a demand for novel mininvasive surgery (MIS) in THA. MIS essentially involves the modification of conventional 
standard approaches with emphasis on reduction of skin incision length and decreased soft-tissue dissection. Nevertheless, 
they could overcome even other traditional approach problems, such as postoperative pain, blood loss and enhancing 
postoperative functional results. However, it is necessary to fully understand if their use could be related with a longer 
operative time, wrong acetabular cup or femoral stem implant, and higher complication rates in general. 

The supercapsular percutaneously assisted total hip (SuperPath) technique has gradually become more popular in THA 
surgery in recent years (5) and consist in a combination of Superior Capsulotomy described by Murphy in 2004 (6)  and 
percutaneously assisted total hip arthroplasty (PATH) described by Penenberg et al. in 2008 (7). Patients using SuperPath 
have smaller surgical incisions, which could lead to reduced scarring and decreased recovery time (8). The benefit of 
a minimally invasive technique that spares the iliotibial band and short external rotators, including the piriformis, is 
achieved by the SuperPATH method. Using the greater trochanter as a marker, the femur is broached in place. In this 
method, the hip does not have to be dislocated, allowing the piriformis to be preserved using the short external rotators. 
Comparatively to more conventional procedures, which demand surgical hip dislocation to prepare the femur and carry 
out the femoral neck cut, this provides protection against dislocations. Additionally, it uses percutaneous equipment to 
avoid the requirement for angled acetabular reamers and perform standard acetabular preparation and reaming from a 
more direct angle.

MATERIALS AND METHODS 

Patients and grouping
The objective is to evaluate the difference between the SuperPATH approach and the conventional posterolateral 

approach in total hip arthroplasty in patients admitted to the Orthopedic and Traumatology of Policlinico di Bari and to 
assess short-term functional outcomes (up to 6 months postoperatively). Visual Analogic Scale (VAS) and Harris Hip 
Score (HHS) at 1, 3 and 6 months postoperative were considered for functional assessment of outcomes following THA 
implantation according to these techniques.

This was a prospective, randomized controlled study and performed in accordance with the ethical standards set forth 
in the 1964 Declaration of Helsinki. All patients involved in the study gave informed consent prior to their inclusion in 
the study. Patients who were to undergo primary THA for hip osteoarthritis, were enrolled and treated at Policlinico di 
Bari between August 2019 and December 2022. Inclusion criteria were primary hip osteoarthritis, age between 40 and 81 
years, body mass index (BMI) between 20 and 29.9, and chronic history (for at least 4 months) of hip joint pain.

Exclusion criteria were inflammatory hip disease or acetabular dysplasia, infection, coagulopathy, previous hip 
surgery, history of deep vein thrombosis or pulmonary embolism, rheumatoid arthritis, pregnancy, and patients who were 
unable to understand and complete the procedure due to cognitive dysfunction or language barrier. Between August 2019 
and December 2022, seventy patients with hip osteoarthritis were evaluated for eligibility for the present study. Five 
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patients had previous hip surgery, three patients participated in another study, one lived in another country, and one died 
at the follow-up. Therefore, they were excluded from the study. Subsequently, 60 patients were included in two groups, 
1) the SuperPATH group and 2) the postero-lateral group. 

General demographic characteristics including age; sex; Body Mass Index (BMI); side of surgery; American 
Society of Anesthesiologists (ASA) score surgical time; intraoperative blood loss; length of hospital stay; preoperative 
hemoglobin; transfusion requirement; Visual Analogic Scale (VAS) and Harris Hip Score (HSS) were collected for each 
patient. Intraoperative blood loss was measured using total body volume (the formula of Nadler et al. (8) multiplied by 
the change in preoperative and postoperative hematocrit levels on day 1 and the addition of any volume of intraoperative 
blood transfusion if administered, as described by Sehat et al. (9) and previously used in the literature). Criteria for 
allogeneic blood transfusion were a postoperative hemoglobin level less than ≤ 8 g/dL or a postoperative hemoglobin 
level between 8 and 10 g/dL with clinical signs of hemodynamic instability. Pain was quantified using the VAS scale with 
scores ranging from 0 (no pain) to 10 (worst pain imaginable), collecting data at first, second, third day and at one month, 
3 months and 6 months after surgery. Hip function was assessed using HHS. It consists of subscales for pain severity 
(1 item, 0-44 points), function (7 items, 0-47 points), absence of deformity (1 item, 0-4 points), and range of motion (2 
items, 0 - 5 points). Scores ranged from 0 (worst disability) to 100 (least disability) (10). For HHS, data were recorded 
at the following times: T0 (before surgical procedure); T1 (one month after surgery); T2 (three months after surgery); T3 
(six months after surgery).

Mini invasive Super Path approach - Surgical technique 
Before surgery, standardized anteroposterior pelvic X-ray and hip joint of the operated leg was performed. According 

to a standardized protocol, patients received antibiotic prophylaxis with cefazolin 2 g. Patients were operated under spinal 
anesthesia by a single experienced hip surgeon (GV) familiar with the posterolateral approach, performing a minimum 
of 130 THA procedures per year. Osteotomy location and femoral neck length were predicted. An appropriate type of 
prosthesis was selected based on preoperative planning. The patient was positioned in standard lateral decubitus. After 
standard aseptic preparation and draping of the operative site, a skin incision was made from the tip of the greater 
trochanter to the fascia of the great gluteus with a length of 5 to 8 cm and in line with the femoral axis. 

The great gluteus was carefully divided and then, a Cobb’s elevator was placed under the muscle. Next, Hohmann’s 
spreader was placed in the space between the gluteus medius and the gluteus minimus to protect the gluteus medius. The 
hip joint was externally rotated. A Cobb’s elevator was placed between the piriformis tendon and the gluteus minimus and 
then also replaced with a blunt Hohmann retractor. The capsule was then incised along the path of the skin incision. The 
trochanteric fossa was marked with electrocautery to ensure hemostasis. The acetabular rim was separated from the joint 
capsule, and the incision was extended 1 cm to expose the pyriform fossa, the tip of the greater trochanter, and the anterior 
femoral neck. The operated leg was rotated to a neutral position to expose the saddle of the femoral neck. An entry reamer 
was used to introduce the femoral canal. Then, a metaphyseal reamer was used to expand the incision. 

Preparation of the medullary cavity with intramedullary broaching was performed. Then, to remove the handle, the 
femoral neck was cut using a narrow oscillating saw blade along the top of the intramedullary broach. The femoral head 
was removed. Retractors were placed by the acetabular margin to retract the capsule. Soft tissues in the acetabulum 
and labrum were removed. A cannula was inserted through a guided 1-cm skin incision device near the main incision. 
An acetabular reamer of appropriate size was inserted into the acetabulum from the main incision, the reamer holder 
passed through the cannula tube. After multiple reaming of the acetabulum, the appropriately sized cementless acetabular 
cup (MicroPort Orthopedics Inc., Arlington, TN, USA) was implanted. The highly cross-linked polyethylene liner was 
inserted and locked using an impactor through the cannula. Appropriately sized femoral head, modular neck, and stem 
components were tested. 

Range of motion, leg length, and joint stability were evaluated. After removing the trial components, the uncemented 
modular femoral stem prosthesis and femoral head (MicroPort Orthopedics Inc., Arlington, TN, USA) were implanted. 
Finally, the capsule and gluteal fascia and skin incision were closed layer by layer (11).  According to the principles of 
prevention of postoperative orthopedic venous thromboembolism as in knee replacement patients were routinely treated 
with low molecular weight calcium heparin (4000 IU, once daily) as an anticoagulant. Subsequently, the same rehabilitation 
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program was used for all patients, consisting of full load and active mobility exercises on the day of surgery (Fig. 1).

Postero lateral approach - Surgical technique 
The patient is placed in lateral decubitus, and skin disinfection is performed, and then the surgical field is isolated with 

sterile drapes and covered with a transparent adhesive sheet; instrument connections are made, and a silk point is left as a 
repere for the length of the limb. The curvilinear incision is about 15 cm long and begins at 8 cm proximal to the greater 
trochanter, continues passing posterior to it, in line with the great gluteus, and once traversed in full, continues distally 
along the femoral diaphysis. The Fascia lata is dissected and passed along the lateral margin of the femur, exposing the 
vastus lateralis muscle; it continues in a proximal direction exposing the great gluteus muscle, dissected bluntly. 

Pay attention to the superior and inferior gluteal arteries, and ligation should be done if necessary. The fibers of the 
great gluteus and the deep fascia of the thigh are spread apart, and the hip is rotated inward to expose the piriformis, 
internal obturator, twin, external obturator, and quadratus femoris muscles, and the sciatic nerve, whose common trunk 
is below the piriformis muscle, is moved away from the operative field. Near the quadratus femoris muscle, attention 
should be paid to the medial circumflex artery: if it bleeds, cauterization or ligation should be performed. Sutures are 
applied to the tendons of the pyriformis and internal obturator, just before their insertion on the greater trochanter, and 
the femoral insertion of these muscles is detached, preserving the quadratus if possible. The dissected muscles are then 
reflected to cover and protect the nerve. This provides access to the posterior part of the joint capsule, which can be incised 
longitudinally or in a “T” shape. In this approach, the prosthetic design was identical with that seen with the Super path 
approach (MicroPort Orthopedics Inc., Arlington, TN, USA), with uncemented femoral stem, uncemented acetabular cup 
and highly cross-linked polyethylene liner. 

Data measurement 
As the primary endpoint, the Harris Hip Score was calculated to assess functional recovery. Pain management, need 

for transfusion, and hospital stay were evaluated as secondary endpoints. A prospective randomized controlled single-
blind clinical trial was conducted.

 Data were collected and analyzed. Continuous data were expressed as mean±SD. The chi-square test was used to 
compare materials and count rates. Comparison between two groups was performed using unpaired Student t-test. Paired 
t-test was used to compare values before and after treatment in one group. For all tests, a p-value less than 0.05 was 
considered statistically significant.

 

 

 

 

 

 

 

 

 

Fig. 1. Surgical steps of a THA with mini-invasive Super Path approach: a) surgical incision; b) articular capsule 
exposition; c) femoral neck osteotomy; d) percutaneous acetabular approach; e) acetabular reaming; f) prosthesis 
implant 
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program was used for all patients, consisting of full load and active mobility exercises on the day of surgery (Fig. 1).
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The patient is placed in lateral decubitus, and skin disinfection is performed, and then the surgical field is isolated with 

sterile drapes and covered with a transparent adhesive sheet; instrument connections are made, and a silk point is left as a 
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along the femoral diaphysis. The Fascia lata is dissected and passed along the lateral margin of the femur, exposing the 
vastus lateralis muscle; it continues in a proximal direction exposing the great gluteus muscle, dissected bluntly. 

Pay attention to the superior and inferior gluteal arteries, and ligation should be done if necessary. The fibers of the 
great gluteus and the deep fascia of the thigh are spread apart, and the hip is rotated inward to expose the piriformis, 
internal obturator, twin, external obturator, and quadratus femoris muscles, and the sciatic nerve, whose common trunk 
is below the piriformis muscle, is moved away from the operative field. Near the quadratus femoris muscle, attention 
should be paid to the medial circumflex artery: if it bleeds, cauterization or ligation should be performed. Sutures are 
applied to the tendons of the pyriformis and internal obturator, just before their insertion on the greater trochanter, and 
the femoral insertion of these muscles is detached, preserving the quadratus if possible. The dissected muscles are then 
reflected to cover and protect the nerve. This provides access to the posterior part of the joint capsule, which can be incised 
longitudinally or in a “T” shape. In this approach, the prosthetic design was identical with that seen with the Super path 
approach (MicroPort Orthopedics Inc., Arlington, TN, USA), with uncemented femoral stem, uncemented acetabular cup 
and highly cross-linked polyethylene liner. 

Data measurement 
As the primary endpoint, the Harris Hip Score was calculated to assess functional recovery. Pain management, need 

for transfusion, and hospital stay were evaluated as secondary endpoints. A prospective randomized controlled single-
blind clinical trial was conducted.
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RESULTS

Sixty patients treated with THA were considered with 30 cases in the SuperPATH group and 30 cases in the conventional 
postero-lateral group. The mean age of patients in the SuperPATH group was 68.23±12.77 while in the conventional 
postero-lateral group was 66.46±11.00. 

No significant difference was found in age, sex, BMI and other pathological types between the two groups. To 
compare the difference between the two groups, intraoperative indices including surgical time, mean blood loss and 
hospitalization time were analyzed. As shown in Table I, the average surgical time was significantly longer in the 
SuperPATH group than in the conventional group. Hospitalization time in the SuperPATH group was significantly 
shorter than in the conventional group (P<0.05). 

To compare postoperative recovery for hip function, HHS was assessed at 1 month, 3 months, and 6 months after surgery. 
After surgery, VAS scores decreased gradually and significantly, while Harris hip scores increased markedly and gradually 
compared with values before surgery (all P<0.05). Analysis and evaluation of the VAS scores showed that they were significantly 
lower at 3 days after surgery with gradual decrease in score at 1 month and 3 months after surgery (Graphic 1).

Graphic 1. VAS score in both groups at 1st, 2nd and 3rd day postop, and at 1, 3 and 6 months  
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Graphic 1. VAS score in both groups at 1st, 2nd and 3rd day postop, and at 1, 3 and 6 months

Table I. Comparison between super path and posterolateral group for general demographic characteristics and 
intraoperative values. 
 
 
 

 
Variables Super Path group Postero lateral group P Value 

Age (years) 68.23±12.77 66.46±11 0.425 

BMC (Kg/m²) 24.59±3.28 24.78±3.13 0.816 

 
Surgical time 

(minutes) 

 
99.73±12.04 

 
73.16±15.48 

 
0.182 

Blood loss (mg/dL) 2.95±1.18 2.6±1.13 0.152 

Hospitalization time 
(days) 6.2±1.54 7.6±3.2 <0.001 

Table I. Comparison between super path and posterolateral group for general demographic characteristics and 
intraoperative values.



90 of 109

www.biolife-publisher.it Journal of Orthopedics 2023 May-Aug; 15(2): 85-92Journal of Orthopedics 2023 Mag-Sep; 15(2): -/- 

F. Simone et al. 6 of 8

www.biolife-publisher.it

In contrast, the analysis of HHS scores showed that these were significantly higher in the SuperPATH group than in 
the conventional group (P<0.05) at 1 month and 3 months after the intervention, while no significant difference was found 
at 6 months (Graphic 2). 

On the contrary, blood loss was slightly higher in Super path group (P=0,6585) (Graphic 3). 

Graphic 3. Average blood loss in both groups during the hospitalization time  
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These results suggested that the SuperPATH approach promotes the speed of recovery for hip function and reduces 
pain in THA patients. 

DISCUSSION 

Currently, total hip arthroplasty is still the main treatment method for patients with ischemic necrosis of the femoral 
head, femoral neck fracture and coxarthrosis, especially for elderly patients. 

However, postoperative THA recovery is still a clinical challenge (12).  In recent years, the development of the 
minimally invasive SuperPATH approach has been gradually adopted in THA (8, 13). In this study, we demonstrated that 
the minimally invasive SuperPATH approach causes less intraoperative injury and is better for patients’ postoperative 
recovery than the conventional posterolateral approach. The minimally invasive SuperPATH approach is a recently 
developed surgical method in THA. Several studies have already reported its efficacy and safety. 

In Australian research, the authors showed that although complications existed in patients with the SuperPATH 
approach, dislocations were rare, and most patients could recover activity within 4 weeks (14). 

In another research, good postoperative efficacy was found in 150 patients with SuperPATH approach in THA with only 
two subluxations, one wound dehiscence and one femoral diaphyseal fracture after surgery (12). In this study, it was also found 
that the SuperPATH approach in THA had good efficacy, with better speed of recovery of hip function, pain, and gait condition. 

For conventional posterolateral approach in THA, there are already many related studies, however, only very few studies 
have reported the difference between SuperPATH approach and conventional posterolateral approach in THA. Rasuli et al. 
compared the surgical time, transfusion rates and average length of stay and found that the surgical time was significantly 
longer in SuperPATH patients, could be due to the different surgical group and experience compared with the reference (15). 

In a recent study in 2020, Meng et al found that SuperPATH approach patients had shorter incision length, longer 
operative time, and higher blood loss and better hip function (16). Another study showed that early hip function and pain 
status recovered more quickly in patients with SuperPATH approach (17). 

In the present study, it was observed that the SuperPATH approach facilitated recovery of hip function and pain, and 
better recovery of gait condition was found in patients with the SuperPATH approach. However, further studies are needed 
to confirm the results. 

The Visual Analog Scale (VAS) was collected as a parameter of early pain relief. Early postoperative pain relief and 
rehabilitation are two of the potential benefits cited for immediate postoperative walking ability following a new minimally 
invasive approach. Several studies on the minimally invasive procedure for THA have reported less intraoperative blood 
loss, reduced pain, and improved rehabilitation (18). 

Most patients enrolled, reported a reduction in pain that allowed them to walk as early as the first postoperative 
day. Functional rehabilitation was initiated and walking with supports was performed for all patients in the groups 
analyzed from the first postoperative day. In addition, a surprisingly high decrease in VAS was shown at 1 and 3 months 
postoperatively, VAS values at 6 months follow-up were extremely low and stable. Limitations of this study include lack 
of randomization, short-term follow-up, and lack of radiographic outcomes such as anteversion and abduction of the 
acetabular cup. Our study has several strengths. 

This was performed in a single center, a single experienced surgeon performed all surgeries using one type of 
anesthesia, implant, pain program and rehabilitation. In the future, a larger sample will be collected to confirm the findings 
of this study with the updated scoring methods.

The present study was able to suggest that the SuperPATH approach in THA provides better efficacy in postoperative 
recovery and better pain tolerance in the immediate postoperative period. These results could provide further clinical 
evidence for the application of SuperPATH in THA.
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ABSTRACT

The author presents the case of a patient afflicted by pes anserine bursitis completely resolved thanks to treatment 
with oxygen-ozone therapy. The complete recovery was confirmed by the control with Magnetic Resonance one month 
after the treatment.

The imaging-guided intra-bursal injection of the oxygen-ozone gas mixture can therefore be considered a valid 
therapeutic alternative in the treatment of inflammatory and overload joint pathology; as a method of simple and rapid 
implementation with low costs and without significant side effects or contraindications.

Keywords: pes anserinus, anserine syndrome, ozone, pes anserine bursitis

INTRODUCTION

Pes anserine bursitis is part of the large group of so-called overload diseases. The inflammatory process affects 
the bursa’s anatomical complexity of the goose paw (sartorius, gracilis, and semitendinosus). The treatment of pes 
anserine bursitis finds as the first therapy the suspension of the activity that caused the inflammation, then uses not 
particularly aggressive therapies such as anti-inflammatory drugs, cryotherapy (for periods of 15 min), ultrasound 
physiotherapy, tecar therapy, strengthening of the quadriceps muscles, stretching of the internal flexor and rotator muscles 
of the knee. Oxygen-ozone therapy can be a valid and effective alternative in the treatment and resolution of the 
inflammatory process of pes anserine bursitis. In addition, the infiltration of the mixture directly into the bag, thanks to 
ultrasound control, allows the anti-edema effect of ozone optimally and effectively activates the mechanisms that oversee 
the anti-inflammatory response (1, 2).

Clinical Case
A 41-year-old male amateur basketball player underwent arthroscopic surgery for a medial meniscectomy in 

January 2016. In March, he came to our attention complaining of pain on the inside of the knee. The pain increased with 
movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
and the administration of anti-inflammatory drugs, he was subjected to magnetic resonance imaging of the knee (3) (Fig. 
1).
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ABSTRACT

Cutaneous angiosarcoma (CAS) is a rare but highly aggressive sarcoma of mesenchymal origin with a high mortality 
rate. The most affected sites of CAS are the scalp and facial skin. The 85-year-old patient, in follow-up for posterior 
parasagittal meningioma for several years, developed a single violaceous and ulcerated scalp lesion. The CT cerebral angio 
revealed, beyond the well-known meningioma, an area of bone rarefaction associated with ulcerated tissue infiltrating the 
skin and subcutaneous layers. After surgical biopsy, the histological examination documented a scalp angiosarcoma. The 
oncological treatment was not possible, given the age. The patient was referred to the plastic surgeon and underwent serial 
medication. The patient made a good functional recovery but died six months later due to a pulmonary embolism. This 
paper discusses the correlation between the scalp’s angiosarcoma disease and the presence of the parasagittal meningioma.

KEYWORDS: scalp angiosarcoma, sagittal sinus meningioma, head and neck tumor

INTRODUCTION

Angiosarcomas of the head and neck represent about 15% of all head and neck sarcomas and 1% of all soft tissue 
sarcomas, most commonly arising on the scalp. Angiosarcomas originate from blood or lymphatic vessels and show a 
propensity for insidious local infiltration, for which they are considered aggressive tumors that recur both locally and 
distantly, with a risk of spreading through draining lymphatics. Given the rarity of this disease, there is limited evidence 
for its pathogenesis, primarily derived from case series. Angiosarcomas’ aggressive behaviour causes estimated survival 
rates at 5 and 10 years are 34% and 14%, respectively.
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movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
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revealed, beyond the well-known meningioma, an area of bone rarefaction associated with ulcerated tissue infiltrating the 
skin and subcutaneous layers. After surgical biopsy, the histological examination documented a scalp angiosarcoma. The 
oncological treatment was not possible, given the age. The patient was referred to the plastic surgeon and underwent serial 
medication. The patient made a good functional recovery but died six months later due to a pulmonary embolism. This 
paper discusses the correlation between the scalp’s angiosarcoma disease and the presence of the parasagittal meningioma.
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INTRODUCTION

Angiosarcomas of the head and neck represent about 15% of all head and neck sarcomas and 1% of all soft tissue 
sarcomas, most commonly arising on the scalp. Angiosarcomas originate from blood or lymphatic vessels and show a 
propensity for insidious local infiltration, for which they are considered aggressive tumors that recur both locally and 
distantly, with a risk of spreading through draining lymphatics. Given the rarity of this disease, there is limited evidence 
for its pathogenesis, primarily derived from case series. Angiosarcomas’ aggressive behaviour causes estimated survival 
rates at 5 and 10 years are 34% and 14%, respectively.
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There is considerable literature evidence supporting the hypothesis of the collateral veins pathway and vascular 
rearrangement forming in the presence of a superior sagittal sinus neoplasm. In this rare case, the authors suggest a cause/
effect relationship between the superior sagittal sinus (SSS) meningioma with the superficial vessel remodeling and the 
scalp angiosarcoma.

The rarity of this malignant tumor and its association with a neoplasm of the intracranial district make this case even 
more striking, as far as it has been reported. Furthermore, it may represent food for thought for studying angiosarcomas’ 
biological and histological behaviour.

CASE PRESENTATION

An 85-year-old man was clinically and radiologically followed up since 2009 for a right-sided parietal para-sagittal 
extra-axial lesion, likely a meningioma (Fig. 1). 

Because of the small dimensions and its slow growth over the years, a conservative conduct was adopted, even though 
a progressive and eventually complete sagittal sinus obliteration was observed after 3 years of diagnosis. Moreover, the 
neurological examination showed no disturbances. After an 11-year follow-up, cutaneous bleeding ulceration appeared on 
the left frontal area of the scalp (Fig. 2).

Since he was under anticoagulant therapy for atrial fibrillation, anticoagulant therapy was suspended to gain better 
control of the bleeding and therapy with sodium heparin started. A new head CT scan with 1 mm 3D bone reconstructions 

 

 

 

 

 

 

 

 

 

 

Fig.1: Enhanced MRI showing the superior sagittal sinus neoformation and angio-MRI highlighting the blood flow 
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revealed a considerable osteorarefaction area in correspondence with the known meningioma associated with a soft 
epicranial tissue infiltration (Fig. 3).

Considering the patient’s global clinical conditions and comorbidities, no surgical indications were given, and 
the patient was referred to the plastic surgeon and underwent serial medications. A biopsy of the ulcerated tissue was 
performed, and the histological examination documented a scalp angiosarcoma. The tumor was composed of spindle cell 
proliferation with the formation of vascular solid areas, with positive immunohistochemical tests for CD34 and ERG 
negative for HHV8 (Fig 4).

Radiotherapy was indicated to control the lesion size, but the poor patient’s general conditions did not allow the 
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DISCUSSION

In literature, malignant tumors occurring on the scalp are reported as 1.4%-2% of all skin cancers, generally involving 
middle age and elderly individuals, and the differential diagnosis includes mainly basal cell and squamous cell carcinoma, 
malignant melanoma and, most rarely,  angiosarcoma.

Our study aims to find a correlation between the formation of the scalp collateral veins and their potential contribution 
to angiosarcoma’s pathogenesis. When in the presence of a neoplasm infiltrating the superior sagittal sinus, a collateral 
venous circulation generates (to supply the cerebral territories otherwise lacking a venous drain and to bypass the 
obstruction site) the haemodynamic changes produce a global decrease of the oxygen partial pressure in the venous 
circulation to establish a hypoxemic micro-environment that may represent the starting point of a tumoral progression 
pathway. Maeda et al. reported that hypoxia enhanced angiosarcoma cells’ proliferation, migration, and invasion ability (1). 
These findings suggested that the hypoxic tumor environment worsened the immune escape of angiosarcoma. Moreover, 
hypoxia increases angiopoietin-2 production, which results in abnormal angiogenesis in the presence of VEGF-A and 
vascular imbalance (2-4). Based on these experimental data using both clinical samples and cultured angiosarcoma cells, 
they  enlightened the clinical importance of hypoxia in angiosarcoma.

Collateral scalp vein formation in the presence of a superior sagittal sinus neoplasm is a well-known phenomenon 
widely reported in the literature (5). Waga et al. (6) observed an abnormal filling of scalp veins in carotid angiograms in 
the following conditions: a) arteriovenous malformations (AVM) of the scalp; b) malignant tumors involving the scalp 
and skull; c) shunt blood into the dural venous sinus causing the pressure in the sinus to be increased (intracranial AVM 
and others); d) SSS occlusion with parasagittal meningiomas and venous sinus thrombosis (7, 8).

In scalp collateral veins, the pO2 value is lower because of the venous engorgement produced by the small calibre 
vessels of the superficial scalp veins (temporal superficial vein, occipital vein, posterior auricular vein with final drain in 
the external jugular vein).

When the invasion leads to SSS stenosis or occlusion, venous collaterals are established via three known pathways: 
1) collaterals connect the two ends of the occluded segment of the SSS; 2) collaterals bypass the occluded segment of the 
SSS but connect with a superficial venous system; 3)  collateral bypass the occluded segment of the SSS but connect with 
a deep venous system.

Wollschaeger et al. (9) examined the rush of blood through dural infiltrating lesions (scalp basal cell carcinoma and 
para-falcine meningioma) with a selective external carotid angiography. They suggested that the relative stasis of the 
contrast material within the dural vessels could be explained by the growing resistance and encumbered redundance of 
capillaries within the lesion, whose peripheral vascular resistance resulted in decreased. Therefore, primarily dural lesion 
such a meningioma may determine prolongation and stasis of dural circulation.

Waga et al. reported 3 cases of parasagittal meningiomas occluding the SSS supplied by the scalp collateral veins 
(6). The phlebogram of the internal carotid artery showed that veins placed anteriorly and posteriorly to the obstruction 
site drained mainly in a dilated vein in the posterior frontal region, descending in the pre-auricular region and finally 
in the retro-mandibular vein. The dilated scalp vein was a superficial temporal vein, receiving blood through emissary 
veins from the patent portion of the SSS. Even seen with the naked eye during surgery, they were markedly dilated and 
descended from the biparietal bony prominences down to the pre-auricular regions. The author describes an interesting 
case of a patient previously diagnosed of occipital region sarcoma, subsequently undergone surgery for a voluminous 
angioblastic meningioma of the occipital region infiltrating and occluding the SSS on its posterior third. The phlebograms 
showed several scalp veins connected with the SSS via emissary veins, all joined together and became a single vein, the 
superficial temporal vein, draining in the external jugular veins through the retro-mandibular vein.

In our case the scalp venous collateral circulation developed in presence of the SSS obstruction with relative blood 
flow stasis and hypoxia may have triggered the oncogenesis of the angiosarcoma. Our hypothesis should be investigated 
with an eventual confirmation by further biomolecular and oncological studies.
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ABSTRACT

The author presents the case of a patient afflicted by pes anserine bursitis completely resolved thanks to treatment 
with oxygen-ozone therapy. The complete recovery was confirmed by the control with Magnetic Resonance one month 
after the treatment.

The imaging-guided intra-bursal injection of the oxygen-ozone gas mixture can therefore be considered a valid 
therapeutic alternative in the treatment of inflammatory and overload joint pathology; as a method of simple and rapid 
implementation with low costs and without significant side effects or contraindications.

Keywords: pes anserinus, anserine syndrome, ozone, pes anserine bursitis

INTRODUCTION

Pes anserine bursitis is part of the large group of so-called overload diseases. The inflammatory process affects 
the bursa’s anatomical complexity of the goose paw (sartorius, gracilis, and semitendinosus). The treatment of pes 
anserine bursitis finds as the first therapy the suspension of the activity that caused the inflammation, then uses not 
particularly aggressive therapies such as anti-inflammatory drugs, cryotherapy (for periods of 15 min), ultrasound 
physiotherapy, tecar therapy, strengthening of the quadriceps muscles, stretching of the internal flexor and rotator muscles 
of the knee. Oxygen-ozone therapy can be a valid and effective alternative in the treatment and resolution of the 
inflammatory process of pes anserine bursitis. In addition, the infiltration of the mixture directly into the bag, thanks to 
ultrasound control, allows the anti-edema effect of ozone optimally and effectively activates the mechanisms that oversee 
the anti-inflammatory response (1, 2).

Clinical Case
A 41-year-old male amateur basketball player underwent arthroscopic surgery for a medial meniscectomy in 

January 2016. In March, he came to our attention complaining of pain on the inside of the knee. The pain increased with 
movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
and the administration of anti-inflammatory drugs, he was subjected to magnetic resonance imaging of the knee (3) (Fig. 
1).
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ABSTRACT 

In recent years, the number of reports on the use of oxygen-ozone therapy for treating acute and chronic inflammatory 
joint disease has been constantly increasing. In this study, we report our experience in the treatment of rhizarthrosis. 
From March 2018 to February 2019, 27 patients (21 females and 6 males aged 58 to 79 years, mean age 67.8 years were 
enrolled. They were affected by rhizarthrosis. The diagnosis was confirmed by clinical examination and radiographic 
findings from standard metacarpal trapezius joint radiograms. Of the 27 treated patients, the clinical result was excellent 
in 16 (59%), in 5 it was satisfactory (19%), while in the remaining 6 no clinical benefit was obtained (22%). Although our 
series is currently limited to only 27 patients, we believe oxygen-ozone therapy in the treatment of metacarpal trapezius 
rhizarthrosis represents a valid therapeutic option instead of the use of drugs such as NSAIDs and/or steroids, especially 
in the first phase of the disease.

KEYWORDS: rhizarthrosis, thumb, osteoarthritis, trapeziometacarpal, joint 

INTRODUCTION

Rhizarthrosis is a degenerative-arthritic process that affects the joint of the base of the thumb (1, 2). The endurance 
of pain and the significant deficit of strength between thumb and forefinger can interfere with daily tasks such as – for 
example – turning a key, opening a car door, picking up a book, threading a thread through the loop of a needle; objects 
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may fall from the grip of hands and night resting may be prevented. All these factors can cause a lack of autonomy, 
decreasing the overall quality of life (3, 4). Rhizarthrosis most frequently affects one side, and women over 40 are 
more likely to be affected by this pathology (1-4). 

Conservative treatment involves administering anti-
inflammatory drugs and braces that temporarily immobilize 
the joint or intra-articular infiltrations with cortisone. From a 
therapeutic point of view, using a specific handheld device may 
be useful to keep the joint locked, at least during the night. Simple 
analgesics such as paracetamol and, in the most painful phases, 
non-steroidal anti-inflammatory drugs can also be useful (5-17).

There are also some reports on the effectiveness of local 
infiltrative therapy with hyaluronic acid (18-20). In case 
of failure, surgery is performed. The surgery that currently 
provides the most significant therapeutic success is the so-
called biological arthroplasty (21, 22).

In light of the recent results reported in the literature on 
the use of oxygen-ozone therapy to treat acute and chronic 
inflammatory pathology of small and large joints (23-32), we 
treated 27 patients suffering from arthrosis (Fig. 1).

MATERIALS AND METHODS

From March 2018 to February 2019, 27 patients with a 
diagnosis of rhizarthrosis confirmed both by clinical examination 
and by radiographic findings with standard radiograms of the 
hand (Fig. 1) were enrolled. Specifically, 21 females and 6 males 
aged between 58 and 79 (mean age 67.8 years). All treatments 
were carried out using needles 25 G 5/8 Terumo orange colour 
code (Fig. 2).

After signing an informed consent, all patients underwent 
a local infiltration with oxygen-ozone at a concentration of 20 
micrograms/ml. The first treatment was delivered using the CT 
guide to allow perfect access to the joint. Local anaesthesia was 
performed with ethyl chloride spray, and then, again using the 
CT guide, the needle of 25 G was inserted in the joint (Fig. 3). 

Once the entry point had been correctly identified, it was 
marked with a demographic pencil and kept constant for 
subsequent treatments. A 5 ml syringe in poly-ethylene was 
then filled with the gaseous mixture at a 20 µg/ml concentration. 
The gaseous mixture was then injected, generally using a 
variable volume from 3 cc to 5 cc of the O2-O3 gaseous mixture. 
All materials used must be sterile and single-use. After the 
infiltration, other CT scans were performed to document the 
correct distribution of the gaseous mixture (Fig. 4).

An average of 6 to 10 infiltrations of the metacarpal trapezius 
joint every two weeks were performed depending on the severity 
of the case treated. In particular, in six patients, we performed 
six injections, in 12 eight infiltrations and the remaining 9 ten 

Fig. 1. 3D CT reconstruction of the metacarpal trapezius joint: rhizarthrosis.

Fig. 2. 3D CT reconstruction of the metacarpal 
trapezius joint: rhizarthrosis.

 
 
 

 
 

Fig. 2. Preliminary CT scan: checking the positioning of the 25G needle (arrow). 
 

Fig. 3. Preliminary CT scan: checking the positioning 
of the 25G needle (arrow).

 
 
 

 
 

Fig. 3. TC control of the distribution of the gaseous mixture (arrows). 
 

Fig. 4. TC control of the distribution of the gaseous 
mixture (arrows).

Fig. 1. (A-B): radiographic diagnosis of rhizarthrosis 
(arrows). A): oblique projection and B): Kapandji 
projection for the evaluation of the joints of base of 
the thumb.
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All materials used must be sterile and single-use. After the 
infiltration, other CT scans were performed to document the 
correct distribution of the gaseous mixture (Fig. 4).

An average of 6 to 10 infiltrations of the metacarpal trapezius 
joint every two weeks were performed depending on the severity 
of the case treated. In particular, in six patients, we performed 
six injections, in 12 eight infiltrations and the remaining 9 ten 

Fig. 1. 3D CT reconstruction of the metacarpal trapezius joint: rhizarthrosis.

Fig. 2. 3D CT reconstruction of the metacarpal 
trapezius joint: rhizarthrosis.

 
 
 

 
 

Fig. 2. Preliminary CT scan: checking the positioning of the 25G needle (arrow). 
 

Fig. 3. Preliminary CT scan: checking the positioning 
of the 25G needle (arrow).

 
 
 

 
 

Fig. 3. TC control of the distribution of the gaseous mixture (arrows). 
 

Fig. 4. TC control of the distribution of the gaseous 
mixture (arrows).

Fig. 1. (A-B): radiographic diagnosis of rhizarthrosis 
(arrows). A): oblique projection and B): Kapandji 
projection for the evaluation of the joints of base of 
the thumb.
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applications. Having to treat an extremely sensitive region, local anaesthesia with ethyl chloride spray was always 
performed. Infiltration was always well tolerated by patients. 

RESULTS

All patients included in the study were clinically evaluated one month after the end of the therapy. During the treatment 
period, any anti-inflammatory therapy was stopped. Instead, patients continued to use the brace. Therefore, only 8 out of 
27 patients continued to take advantage of the brace.

Among 27 treated patients, there were excellent, satisfactory and poor results in 16 (59%), 5 (19%) and 6 (22%) 
subjects, respectively. Clinical results were evaluated one month after the end of treatment. Excellent results were those 
with almost complete disappearance of painful symptoms; satisfactory results were those where patients reported only 
a partial remission of painful symptoms; poor results were those with no clinical benefit. These last were referred to 
orthopaedics for a further therapeutic decision.

DISCUSSION

In rhizarthrosis, the arthrosis process causes the cartilage that lines the two bones in contact (trapezius and first 
metacarpal bone) to become thinner; this process causes further friction, wear and pain. It is challenging to translate the 
intensity of pain reported by the patient in an objective evaluation of the joint condition. In fact, significantly compromised 
clinical pictures at radiographic control are often associated with a very low impact on the patient’s activity, while, in 
other cases, early stages can be extremely troublesome and cause severe functional deficits. The main symptom is pain, 
which appears when the patient performs simple gripping and gripping movements with the thumb (1-4).

Pain can also appear spontaneously with the change of weather, especially in the presence of humidity. Pain is also 
awakened by direct pressure on the joint at the base of the thumb or by grabbing the thumb and pushing it towards the 
wrist. Over time, the reduction of the force expressed during gripping becomes more and more marked, and pain appears 
while carrying out light manual activities more and more.

The characteristic of rhizarthrosis is also the appearance in the initial stages of swelling at the base of the thumb, 
followed by progressive displacement of the base outwards. In the first phase of the disease, no consensus has emerged 
in the literature regarding a single effective protocol for conservative treatment, and in the literature, there are few works 
compared to what is proposed for the surgical techniques (1-23).

The therapy involves keeping the joint at rest through braces and treatment with non-steroidal anti-inflammatory 
drugs (NSAIDs), generally at full dosage for an adequate period. Intra-articular infiltrative therapy with corticosteroids is 
also possible. Sometimes, physical therapy is associated (ultrasound, iontophoresis, etc.). Rarely is there an indication of 
surgical treatment utilizing arthroplasty (4-23).

In light of our experience in oxygen-ozone therapy treatments in various musculoskeletal districts, we used this type 
of treatment for analgesic purposes also in rhizarthrosis. The mechanisms of action of the oxygen-ozone gas mixture are 
well-known and widely documented in the literature (23-32). The rationale for intra-articular oxygen-ozone infiltration is 
based on relieving inflammation with subsequent analgesic action. The oxygen-ozone gas mixture injected normalizes the 
level of cytokines and prostaglandins, increases superoxide dismutase, minimizes reactive oxidant species and improves 
local circulation with a eutrophic effect.

CONCLUSIONS

Although the reported case series is based on evaluating only 27 patients, we believe oxygen-ozone therapy in treating 
metacarpal trapezius rizarthrosis is a valid therapeutic option, especially in the first phase of the disease. It can be used 
instead of other drugs, such as NSAIDs and/or steroids. The good results obtained in our series are related to some of the 
main activities of oxygen-ozone therapy: the intra and trans-tissue oxygenation with consequent improvement of both 
hypoxia and ozone’s anti-inflammatory, analgesic and eutrophicating activities. 
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In conclusion, oxygen-ozone therapy can be considered an excellent therapeutic approach for patients afflicted with 
rizarthrosis.
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ABSTRACT

The author presents the case of a patient afflicted by pes anserine bursitis completely resolved thanks to treatment 
with oxygen-ozone therapy. The complete recovery was confirmed by the control with Magnetic Resonance one month 
after the treatment.

The imaging-guided intra-bursal injection of the oxygen-ozone gas mixture can therefore be considered a valid 
therapeutic alternative in the treatment of inflammatory and overload joint pathology; as a method of simple and rapid 
implementation with low costs and without significant side effects or contraindications.

Keywords: pes anserinus, anserine syndrome, ozone, pes anserine bursitis

INTRODUCTION

Pes anserine bursitis is part of the large group of so-called overload diseases. The inflammatory process affects 
the bursa’s anatomical complexity of the goose paw (sartorius, gracilis, and semitendinosus). The treatment of pes 
anserine bursitis finds as the first therapy the suspension of the activity that caused the inflammation, then uses not 
particularly aggressive therapies such as anti-inflammatory drugs, cryotherapy (for periods of 15 min), ultrasound 
physiotherapy, tecar therapy, strengthening of the quadriceps muscles, stretching of the internal flexor and rotator muscles 
of the knee. Oxygen-ozone therapy can be a valid and effective alternative in the treatment and resolution of the 
inflammatory process of pes anserine bursitis. In addition, the infiltration of the mixture directly into the bag, thanks to 
ultrasound control, allows the anti-edema effect of ozone optimally and effectively activates the mechanisms that oversee 
the anti-inflammatory response (1, 2).

Clinical Case
A 41-year-old male amateur basketball player underwent arthroscopic surgery for a medial meniscectomy in 

January 2016. In March, he came to our attention complaining of pain on the inside of the knee. The pain increased with 
movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
and the administration of anti-inflammatory drugs, he was subjected to magnetic resonance imaging of the knee (3) (Fig. 
1).
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ABSTRACT

Distal radius fractures are among the most common skeletal injuries of the wrist. Although the surgical treatment with 
a volar plate allows rapid and complete functional recovery, most patients experience significant pain when performing 
movements in the post-operative period. Two clinical cases of patients undergoing reduction and osteosynthesis surgery 
with volar-locking plate after wrist fracture and treated with micronized (PEAm) and ultramicronized PEA (PEAum) (300 
mg + 600 mg) twice daily for 30 days are here reported. Pain and functional recovery were assessed 1, 7, 14, 21 and 30 days 
after surgery and, subsequently, 30 days after the end of treatment by the NRS scale and DASH questionnaire, respectively. 
Pain and functional recovery significantly improved in both patients during the treatment. Further improvement was 
detected at the follow-up 30 days after therapy. No patient reported adverse effects related to PEAm/um treatment. The 
use of PEAm/um may represent an appropriate approach to promote the recovery of patients with post-operative pain, 
thanks to its ability to alleviate painful symptoms and improve functional recovery.

KEYWORDS: micronized and ultramicronized PEA, wrist fracture, surgery, pain, functional recovery
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ultrasound control, allows the anti-edema effect of ozone optimally and effectively activates the mechanisms that oversee 
the anti-inflammatory response (1, 2).

Clinical Case
A 41-year-old male amateur basketball player underwent arthroscopic surgery for a medial meniscectomy in 

January 2016. In March, he came to our attention complaining of pain on the inside of the knee. The pain increased with 
movements, while a state of rest relieved the symptoms. Physical activity exacerbated the symptoms, and the pain was 
evoked by pressure palpation in the affected area. Following the poor results obtained after the targeted physical therapies 
and the administration of anti-inflammatory drugs, he was subjected to magnetic resonance imaging of the knee (3) (Fig. 
1).
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ABSTRACT

Distal radius fractures are among the most common skeletal injuries of the wrist. Although the surgical treatment with 
a volar plate allows rapid and complete functional recovery, most patients experience significant pain when performing 
movements in the post-operative period. Two clinical cases of patients undergoing reduction and osteosynthesis surgery 
with volar-locking plate after wrist fracture and treated with micronized (PEAm) and ultramicronized PEA (PEAum) (300 
mg + 600 mg) twice daily for 30 days are here reported. Pain and functional recovery were assessed 1, 7, 14, 21 and 30 days 
after surgery and, subsequently, 30 days after the end of treatment by the NRS scale and DASH questionnaire, respectively. 
Pain and functional recovery significantly improved in both patients during the treatment. Further improvement was 
detected at the follow-up 30 days after therapy. No patient reported adverse effects related to PEAm/um treatment. The 
use of PEAm/um may represent an appropriate approach to promote the recovery of patients with post-operative pain, 
thanks to its ability to alleviate painful symptoms and improve functional recovery.

KEYWORDS: micronized and ultramicronized PEA, wrist fracture, surgery, pain, functional recovery
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INTRODUCTION

Distal radius fractures are among the most common skeletal injuries of the wrist: they account for about 44% of all 
hand and forearm fractures and represent about 20% of all fractures (1). In the last decade, surgical techniques and related 
implants have advanced considerably. Among them, the volar plate is widely used in patients with unstable distal radius 
fractures, as it provides secure fixation, early post-operative mobility, and rapid recovery of wrist function (2). During post-
operative rehabilitation, particularly in the immediate post-operative period, most patients experience significant pain when 
performing both active and passive movements (3). Surgical trauma is characterized by stiffness and suffering of bone’s 
sensitive nerve fibers (4-6). Peripheral nerve sensitivity is regulated by mast cells in the bone whose hyperactivation, caused 
by surgical trauma, results in neuroinflammation associated with bone oedema and post-traumatic pain (7). Evidence on 
the role of mast cells in the development of bone pain suggests that therapies able to modulate mast cell activation may 
represent an innovative approach. In this perspective, a possibility could be represented by Palmitoylethanolamide (PEA): an 
endogenous molecule belonging to the N-acylethanolamine family, which is produced “on-demand” in order to restore tissue 
homeostasis and which exerts its action thanks to the ALIA (“Autacoid Local Injury Antagonism”) mechanism, mediating 
neuroprotective, anti-inflammatory and analgesic effects through mast cell control (8).

This article describes the cases of two patients with wrist fractures who underwent volar plate surgery and 
were subsequently treated with PEA in its micronized and ultra-micronized form, increasing its bioavailability and 
biological efficacy.

MATERIALS AND METHODS

We analyzed two patients with wrist fractures who underwent surgery with reduction and fixation using a volar plate 
and treated with micronized (PEAm) and ultra-micronized (PEAum) PEA (Normast ® MPS, Food for Special Medical 
Purpose, Epitech Group SpA, Saccolongo, Padua) 300mg + 600mg, 2/daily for 30 days (2 sachets/die for the first 20 days, 
followed by oral tablets for the remaining 10 days).

The fracture was classified according to the AO classification: type A represents extra-articular fracture, type B partial-
articular, and type C complete articular fracture. 

Evaluations were performed on day 1 after surgery (T0), 7 (T1), 21 (T3) and 30 (T4) days after surgery. A subsequent 
follow-up was performed 30 days after the end of treatment (T5).

The parameters considered were:
• pain intensity assessed by Numeric Rating Scale (NRS), an 11-point scale where 0 represents “no pain “and 10 “the 

most intense pain imaginable” (9), performed at all time points;
• functional recovery through the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire, administered at 

T0, T3, T4 and T5. The questionnaire is divided into 3 modules: symptom/disability module consisting of 30 questions 
investigating aspects of daily life; occupational module and sports/recreational activities module (optional). Additional 
items are used for workers and individuals whose occupation or sports or recreational activity requires a high level of 
physical performance. Each question has 5 possible answers, from 1 (no difficulty) to 5 (unable to perform a specific 
activity). The sum of the individual scores results in an overall score, which is converted into a scale from 0 to 100 
(100 indicates severe disability) (10).

• The safety of the treatment was monitored by collecting observed and patient-reported adverse events. Written informed 
consent for the data’s publication was obtained for the Declaration of Helsinki and Good Clinical Practice (GCP).

RESULTS

Case 1
A 47-year-old man with a 2R3B fracture underwent surgery for reduction and fixation with a volar plate (Fig. 1). The 

patient had no comorbities or other bone related diseases and was not taking concomitant medications and other bone-
related diseases. On the first day after surgery, the patient presented a pain score of 7/10 on the NRS scale. 
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The fracture was classified according to the AO classification: type A represents extra-articular fracture, type B partial-
articular, and type C complete articular fracture. 

Evaluations were performed on day 1 after surgery (T0), 7 (T1), 21 (T3) and 30 (T4) days after surgery. A subsequent 
follow-up was performed 30 days after the end of treatment (T5).

The parameters considered were:
• pain intensity assessed by Numeric Rating Scale (NRS), an 11-point scale where 0 represents “no pain “and 10 “the 

most intense pain imaginable” (9), performed at all time points;
• functional recovery through the Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire, administered at 

T0, T3, T4 and T5. The questionnaire is divided into 3 modules: symptom/disability module consisting of 30 questions 
investigating aspects of daily life; occupational module and sports/recreational activities module (optional). Additional 
items are used for workers and individuals whose occupation or sports or recreational activity requires a high level of 
physical performance. Each question has 5 possible answers, from 1 (no difficulty) to 5 (unable to perform a specific 
activity). The sum of the individual scores results in an overall score, which is converted into a scale from 0 to 100 
(100 indicates severe disability) (10).

• The safety of the treatment was monitored by collecting observed and patient-reported adverse events. Written informed 
consent for the data’s publication was obtained for the Declaration of Helsinki and Good Clinical Practice (GCP).
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Case 1
A 47-year-old man with a 2R3B fracture underwent surgery for reduction and fixation with a volar plate (Fig. 1). The 

patient had no comorbities or other bone related diseases and was not taking concomitant medications and other bone-
related diseases. On the first day after surgery, the patient presented a pain score of 7/10 on the NRS scale. 

 Journal of Orthopedics 2023 May-Aug; 15(2): 105-109Journal of Orthopedics 2023 Mag-Sep; 15(2): -/- 

3 of 5F. Riefoli et al.

www.biolife-publisher.it

 
Fig. 1. Pre-operative (A); Post-operative (B); 1 month follow-up (C) 

 

Fig. 1. Pre-operative (A); Post-operative (B); 1 month follow-up (C)

At subsequent assessments on days 7, 14 and 21 after surgery, the patient reported continuous progress in the perception 
of pain, which decreased to 2 points on the NRS scale after 30 days of treatment (T4), resulting clinically insignificant. 
This intensity was maintained at the post-treatment follow-up (Table I). 

The assessment of the main form of the DASH questionnaire concerning symptoms and disability showed, on the 
first day after surgery, total disability in performing daily activities. Twenty-one days after surgery, the questionnaire 
score decreased, with a further reduction at T4. At the last follow-up (T5), the patient reported a further improvement in 
disability (Table I). The patient completed the planned treatment with PEAm/um without taking analgesics and/or anti-
inflammatories during the weeks following surgery and without reporting any side effects.Table I. Pain and functional recovery over time.

Observation times NRS DASH 
Symptom/Disability Module

T0 – 1st day after surgery 7 100
T1- 7th day after surgery 6
T2 - 14th day after surgery 4
T3 - 2st day after surgery 4 49.2
T4 - 30th day after surgery (end of treatment) 2 20.8
T5 – 30 days after end of treatment 2 9.2

Table I. Pain and functional recovery over time.

 Case 2
A 58-year-old woman with a 2R3B fracture underwent surgery for reduction and fixation with a volar plate (Fig 2). 

The patient had no comorbidities or bone-related diseases. 
At T0, the patient presented severe pain, with an NRS score of 7/10, also reported 7 and 14 days after surgery. 

Twenty-one days after surgery, the patient reported an improvement in pain intensity with an NRS score of 5, which was 
maintained until T4. 30 days after surgery and after the end of treatment, the patient reported no more pain.

The assessment of functional recovery, carried out by filling out the main and occupational forms of the DASH 
questionnaire, showed a significant improvement in performing daily and occupational activities over time. Thirty days 
after the end of treatment, the DASH score was further reduced significantly regarding symptoms and the ability to 
perform various activities, including occupational ones (Table II). During the 30 days of treatment, the patient took no 
analgesics or anti-inflammatory drugs and reported no adverse effects. 

DISCUSSION

PEA’s anti-inflammatory, analgesic and neuroprotective effects have been confirmed in models of chronic inflammation 
and chronic and neuropathic pain: PEA was effective in preserving peripheral nerve morphology, reducing mast cell 
activation and producing pro-inflammatory mediators at the site of injury; this confirms the direct intervention of PEA in 
the inflammatory process and pain response (11, 12). 

During the treatment period with micronized/ultra-micronized PEA, both patients’ post-surgical pain intensity and 
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functional wrist recovery improved significantly. The first patient experienced almost complete pain relief at the follow-
up, while the second reported a complete symptom resolution. In addition, the improvement of daily functions, observed 
in both patients through the Symptom/Disability Module of DASH and the Occupational Module for patient 2, was higher 
than the “Minimal Clinically Important Difference” reported by both the DASH website (15 points) and the literature data 
(10.83 points) (13, 14) at each assessment compared to the previous one.

The management of pain and the restoration of wrist function demonstrate the efficacy of this approach, which is 
supported by the clinically significant improvement achieved already after 21 days of treatment and at each evaluation time 
compared to the previous one, as well as by the further reduction of both the evaluated parameters 30 days after the end of 
treatment. In order to confirm these results, a larger, controlled, randomized, double-blind versus placebo study is planned. 

CONCLUSIONS

Patients reported benefits after using a combination of PEAm/um in reducing pain and functional wrist recovery 
following a surgically treated fracture, encouraging its use as an effective, safe and well-tolerated alternative to manage 
post-operative bone pain.
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Table II. Pain and functional recovery over time.

Observation times NRS DASH 
Symptom/Disability Module

DASH 
Occupational 

Module
T0 – 1st day after surgery 7 83.3 93.98
T1- 7th day after surgery 7
T2 - 14th day after surgery 7
T3 - 2st day after surgery 5 62.5 87.5
T4 - 30th day after surgery (end of treatment) 5 39.2 62.5
T5 – 30 days after end of treatment 0 5.0 0.0

Table II. Pain and functional recovery over time.
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