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 Background: Unicameral bone cysts (UBCs) are benign tumor-like lesions that are the most common cause of pathological 
proximal femur fracture in children. This study aimed to present the outcomes of acute, unstable, pathological 
proximal femur fractures secondary to UBCs in children.

 Material/Methods: We retrospectively reviewed data on 12 patients with a mean age of 9.3 years (7-12 years) who were initially 
treated with decompression and grafting, followed by stabilization using a 120° fixed-angle low-contact lock-
ing pediatric plate (LCLPP). The Musculoskeletal Tumor Society (MSTS) scores, Capanna classification of cyst 
repair, time to union, collodiaphyseal angle (CDA), and limb length discrepancy (LLD) were evaluated.

 Results: The mean follow-up was 33.1 months (range, 13-96 months). The mean union time was 9.5 weeks (8-14 weeks). 
The mean time for reparation of the cyst was 6.9 months (range 3-9 months). Four patients had Dormans type 
IB, while the remaining had type IIB fractures. According to the Capanna classification, repairs in 10 cases were 
grade I and in 2 cases grade II. At the last follow-up, the mean 120.8° of preoperative CDA was corrected to 
140.9° (P<0.001) and there was no difference compared to the healthy side (P=0.214). The mean postopera-
tive MSTS score was 97.1% (29.1 points). Two patients experienced LLD at the affected extremities, while the 
other 10 patients healed without any complications.

 Conclusions: Fixation of acute unstable fractures secondary to UBCs with a 120° fixed-angle LCLPP is a reliable and success-
ful option after decompression and grafting of the lesion.
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Background

Unicameral bone cysts (UBCs) are benign entities that typical-
ly manifest as cavities filled with interstitial fluid. These cysts 
are believed to be caused by local circulation abnormalities 
and predominantly occur in children and adolescents. The di-
agnosis can be readily established using direct radiographs. 
Other pathologies such as aneurysmal bone cysts, fibrous dys-
plasia, and enchondroma are considered in differential diag-
nosis. For those located in uncommon sites or when assessing 
fracture risk, T1-weighted magnetic resonance imaging (MRI) 
combined with measurement of the bone cyst index is usu-
ally preferred [1]. Unlike diaphyseal lesions, also termed la-
tent cysts, UBC typically emerges at the proximal ends of tu-
bular bones. They are found most frequently in the humerus, 
followed by the femur. It has been claimed that UBCs, the ac-
tual incidence of which is unknown, constitute approximately 
3% of primary bone lesions. UBCs are typically asymptomatic 
and found incidentally during imaging. Usually the symptoms 
are pain, swelling, and deformity that occur after pathologic 
fractures. There is no need to treat unless symptoms develop 
or there is a risk of fracture [2].

Often, they do not display clinical symptoms unless detected 
incidentally. For UBCs located in asymptomatic and non-weight-
bearing areas, treatments such as alendronate and botulinum 
toxin have been trialed but have not gained widespread ac-
ceptance [3]. Possible interventions for these patients include 
methylprednisolone injections, applications of autologous bone 
marrow, or a combination of demineralized bone matrix with 
bone marrow [4]. It is recognized that UBCs in the pertrochan-
teric region or those with significant enlargement (where the 
transverse diameter exceeds 85% or there is less than 0.55 mm 
of cyst wall remaining during follow-up) necessitate surgical 
treatment [5]. For those at risk of pathological fractures, ensur-
ing stable fixation, decompressing, and breaking the cyst wall 
to facilitate bone marrow penetration into the cavity are par-
amount. The choice of filler post-decompression, be it calcium 
sulfate, chips allograft, or autologous bone grafts, depends on 
the cavity size. Close serial monitoring is crucial for asymptom-
atic cases. However, a definitively accepted treatment or fix-
ation method has still not been found, especially for patients 
with acute pathological fractures in the proximal femur [5,6].

After such injuries, complications like avascular necrosis, epiph-
yseal growth arrest, or varus angulation due to mechanical in-
stability after fracture have been noted. This instability arises 
because the lateral buttress becomes jeopardized by the le-
sion situated at the base of the neck and the intertrochanter-
ic region [6]. In scenarios where ensuring mechanical stabili-
ty proves arduous, selecting the right implant is imperative to 
prevent postoperative complications. Elastic stable intramed-
ullary nails (ESIN) have become popular in recent years, even 

though they have been associated with complications such as 
LLD, malunion, and loss of reduction [7,8]. Erol et al have doc-
umented their treatment approaches for medium to large UBC 
cysts in children with acute proximal femur fractures, favoring 
decompression and grafting and stabilizing the fracture with 
ESIN [9]. Conversely, Jamshidi et al have chosen Philos plates 
combined with fibular strut grafting for these intricate situa-
tions [10]. While many fixation alternatives, ranging from ex-
ternal fixation to skeletal traction and from Philos plates to in-
tramedullary nails, are available, the optimal approach remains 
undetermined for such cases [11]. Among these, locked fixed-
angle plates, despite the poor bone quality, especially in path-
ological fractures, provide adequate fixation through multiple 
fixed-angle points without compromising the blood circulation 
to the bone surface. Additionally, being made of a titanium al-
loy and MRI-compatible, they offer a significant advantage in 
post-treatment tumor monitoring. Therefore, our aim in this 
study was to present the outcomes of 12 children with acute 
pathological fractures of the proximal femur due to UBCs, who 
underwent fixation with a 120° fixed-angle LCLPP following 
decompression and bone grafting.

Material and Methods

Patients

Before conducting this study, institutional review board and 
ethics committee approval were obtained (EC approval no: 90-
27/03/2023) and only participants who signed a written con-
sent form were included. A retrospective review of the digital 
patient database from the authors’ institution was conducted 
to identify patients who experienced a pathological fracture 
of the pertrochanteric femur due to UBC between September 
2015 and January 2022. The diagnosis was established for all 
patients through direct radiographs. Transparent unicameral 
lesions were present in all cases, characterized by well-defined 
margins with sclerotic edges, accompanied by separated frac-
ture ends and a narrow transition zone from adjacent normal 
bone. Additionally, for documentation and differential diagno-
sis, all patients underwent MRI. CT scans were performed to as-
sess the bone fracture morphology and the preserved area of 
the posteromedial neck. To be included in this study, patients 
had to meet the following criteria: age 12 years or younger, 
a minimum of 1 year of follow-up, and present an unstable 
pathological fracture of the proximal femur attributed to UBC.

Surgical Technique

All surgeries were performed under general anesthesia with 
patients in the supine position. Fluoroscopy guided the proce-
dures, and the same senior surgeon conducted all operations. 
Utilizing a direct lateral approach, the intertrochanteric region 
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was accessed and the femur was exposed. After confirming the 
cyst’s unicameral nature via fluoroscopic examination with a 
radio-opaque substance, meticulous curettage was undertak-
en on the bone defect in either the lateral or anterior cortex. 
The material extracted during this process was forwarded for 
intraoperative frozen section analysis. Additionally, samples 
were collected for culture. Upon confirming UBC through the 
frozen section, the cystic cavity was filled with cancellous chips 
allograft. Temporary reduction of the fracture was achieved us-
ing K-wires. A 120° titanium alloy 3.5-mm or 4.5-mm locking 
LCPP was employed for fracture stabilization. Attention was 
paid to position the plate’s proximal end slightly below the 
trochanter major and to ensure the proximal screws did not 
harm the trochanteric epiphysis. In every case, the pre-bent 
120° angled plate enabled easy fixation with a minimum of 2 
screws into the naturally preserved proximal posterior-medi-
al metaphyseal region. Suction drains were installed in all pa-
tients and removed 24 h after the operation. No postopera-
tive splints or casts were applied. After surgery, patients were 
immediately guided through static quadriceps exercises, an-
kle pumps, and active foot motions. On the first postopera-
tive day, controlled physiotherapy began with patients flexing 
their knees as they sat on the bed’s edge, followed by crutch-
assisted walking without bearing weight.

Follow-up and Postoperative Care

Patients underwent scheduled follow-up visits in the third and 
sixth weeks, followed by monthly visits up to the sixth month. 
Those who exhibited no complications during the ninth and 
twelfth months were subsequently followed annually until skel-
etal maturity was reached. At each follow-up session, the union 
of the fracture and the consolidation of the cyst were assessed 
using plain radiographs. For the initial 6 weeks after surgery, 
patients were advised to walk with the assistance of crutch-
es, ensuring no weight was placed on the operated extremi-
ty. Once the post-surgical pain had entirely dissipated and at 
least 3 cortices of radiological callus formation were evident, 
patients were permitted partial weight-bearing.

Data Collection

Details such as the patient’s age, sex, side of injury, injury 
mechanism, follow-up duration, radiographic time to fracture 
union, cyst reparation time, CDA, and ranges of motion (ROM) 
were meticulously recorded.

Evaluation and Classification

The functional outcomes were gauged using the Musculoskeletal 
Tumor Society (MSTS) score [12]. The cyst type was categorized 
as per the Dormans classification system, while the cyst re-
pair was assessed based on the Capanna classification [13,14]. 

Fractures were further classified based on anatomical location 
using the Delbet-Colonna classification system [15].

Complication Records

Any complications encountered were sourced from hospital re-
cords. Specific complications were duly noted, including avas-
cular necrosis of the femoral head, LLD, infections, and het-
erotopic ossification.

Statistical Analysis

Statistical analyses were conducted using SPSS version 25.0 
software. Descriptive statistics, including mean, standard de-
viation, median and interquartile range (IQR), were utilized to 
present the data. The normality of the variables was assessed 
through histogram graphs and the Kolmogorov-Smirnov test. 
For normally distributed variables between groups, the inde-
pendent group t test was employed. In contrast, the Mann-
Whitney U test and Kruskal Wallis H test were applied for non-
normally distributed variables. Categorical data were analyzed 
using the chi-square and likelihood ratio tests. A P value of less 
than 0.05 was considered statistically significant.

Results

Demographic Characteristics

There were 12 patients (9 boys and 3 girls) with a mean age 
of 9.3 years (range, 7-12 years) and a mean follow-up of 33.1 
months (range, 13-96 months). The dominant side was frac-
tured in 6 patients. Eight of the fractures were caused by sim-
ple falls while playing, 2 were due to sports injuries, 1 was due 
to a motor vehicle accident, and 1 patient was admitted after 
a fall from a bicycle. The demographic characteristics of the 
cases, fracture type, cyst classification, cyst reparation time, 
follow-up periods, and complications are shown in Table 1.

Healing and Functional Outcomes

The mean time to union of the fractures was 9.5 weeks (range, 
8-14 weeks). The mean time for reparation of the cyst was 6.9 
months (range, 3-9 months). According to the Capanna classi-
fication, repairs in 10 cases were grade I, and were grade II in 2 
cases, where minimal residual radiolucency is observed on the 
radiograph. There was no grade III or IV improvement in any 
patient. The mean 120.8° of preoperative CDA was corrected 
to 140.9° (P<0.001) (Table 2). The anatomical union was per-
manent at the last follow-up (mean CDA=138.7°), and there 
was no statistically significant difference when compared to 
the healthy side (P=0.214) (Figure 1). The mean MSTS score 
was 97.1% (29.1 points) (Table 2).
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Case
Age 

(years)
Sex

Side of 
injury

Fracture 
type (Delbet-

Colonna)

Dormans 
Classifi- 
cation

Follow-up 
time 

(months)

Union 
time 

(weeks)

Cyst 
reparation 
(months)

Capanna
Classification

Complications

1 8 Male Left Type III IIB 96 8 4 I None

2 10 Male Left Type III IIB 24 8 6 I None

3 11 Female Right Type IV IB 32 14 8 I Infection+LLD

4 9 Male Right Type III IIB 28 8 Residual II LLD+coxa vara

5 12 Male Left Type III IIB 13 10 3 I None

6 9 Female Left Type III IIB 18 10 9 I None

7 8 Male Right Type IV IB 40 8 7 I None

8 9 Female Right Type III IIB 50 8 7 I None

9 10 Male Left Type III IIB 18 10 Residual II None

10 9 Male Right Type III IIB 25 8 8 I None

11 9 Male Left Type IV IB 31 12 3 I None

12 7 Male Left Type III IB 22 10 8 I None

Mean 9.3 33.1 9.5 6.9

Table 1. Data on 12 pediatric patients with pathological proximal femur fractures.

LLD – limb length discrepancy.

Case
CDA°

(preop)
CDA °

(early postop)
CDA°
(last)

CDA°
(healthy side)

MSTS score
(at final follow-up)

MSTS score (%)
(at final follow-up 

1 116.9 137.8 150.4 152.2 30 100

2 120.8 147.8 154.1 152.6 30 100

3 130.1 150.0 131.2 148.4 28 93

4 114.6 135.5 117.4 138.2 23 76

5 112.4 134.1 135.4 135.5 30 100

6 128.5 141.2 137.5 139.2 30 100

7 117.6 140.4 139.8 141.6 30 100

8 123.8 139.8 138.2 140.2 30 100

9 123.2 138.4 137.6 139.8 29 96

10 124.8 135.8 136.1 137.9 30 100

11 121.6 146.2 144.4 146.8 30 100

12 115.2 143.4 142.6 147.7 30 100

Mean 120.8 140.9 138.7 143.3 29.1 97.1

Table 2. CDA changes in the damaged hip preoperatively, postoperatively, and at final follow-up. MSTS scores at the last follow-up.

CDA – collodiaphyseal angle; MSTS – Musculoskeletal Tumor Society (MSTS).

e943031-4
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Adaş M. et al: 
Locking plate fixation for unicameral bone cyst fractures in children

© Med Sci Monit, 2023; 29: e943031
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



A

C

B

D

Figure 1.  (A) Preoperative X-ray of an 8-year-old boy (Case 1). (B) Preoperative CT of Case 1. (C) Early postoperative X-Ray of Case 1. 
(D) Postoperative 8. year X-ray Case 1.
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Figure 2.  (A) Preoperative X-ray of a 12-year-old girl (Case 3). (B) Early postoperative X-ray of Case 3. (C) Postoperative 10. Month 
X-ray of Case 3. (D) Postoperative 2. year X-ray of Case 3.
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Complications

No major complication was observed in any patient during the 
recovery period and until the end of the follow-up. In 1 case 
(patient 3), a deep infection developed after 3 months and re-
quired short-term intravenous treatment followed by oral an-
tibiotic. In this case, the implants were removed at the 10th 

month (Figure 2). In this case, whose fracture was achieved 
full union and complete cyst repair, CDA decreased by 17° 
compared to the healthy side at the last follow-up, but the pa-
tient did not have any concerns. There was no problem with 
the implant in other patients and there was no request from 
the families for the removal of the implants. We did not have 
any patients who required revision surgery. In another case, 
we noticed an LLD that became evident from the 3rd month 
and developed a 3-cm LLD at last follow. In this case with a 
Dormans Type IIB cyst (patient 4), the CDA at the last follow-
up was 117.4°, which meant that there was a difference of 
21 degrees between legs with evidence of coxa vara. In oth-
er cases, there were no LLDs. Hip ROM on the operated side 
was within normal ranges in 10 patients. Only 2 patients had 
10-20° less internal than the healthy side. The loss of internal 
rotation was evident in the patient with LLD.

Discussion

A pivotal discovery of this research was the anatomical side 
plate’s suitability as a fixation material in acute patholog-
ic fractures of the proximal femur due to UBCs, primarily be-
cause of its capability to ensure correct screw placement in 
the posteromedial metaphysis region with the aid of 120 de-
grees of fixed-angle screw purchase where the bone typical-
ly remains intact.

For individuals who have achieved skeletal maturity, sliding hip 
screws or intramedullary nails are deemed the criterion stan-
dard for fixation in pathological proximal femur fractures [13]. 
However, securing acute proximal femur fractures attributed to 
UBCs presents a challenge for children and adolescents with an 
open epiphysis. Various fixation methods, such as ESIN, Philos 
plates (a type of side plate), and cannulated screws, have been 
employed [3,7,9,11]. Each method comes with its respective 
advantages and disadvantages. Notably, the Philos plate, when 
compared to other methods, is viewed as an off-label appli-
cation for this specific region and does not align well with the 
anatomy of the proximal femur [11]. In parallel with our study, 
Jiang et al evaluated the suitability of fixation of acute patho-
logic fractures secondary to UBC using locking plates in 6 of 28 
patients and found that fixation with locking plates was highly 
successful [16]. However, the study investigated the effective-
ness of compressive locking plating without mentioning the 
fixed angle of proximal screws in this context [16].

A universally accepted criterion standard for fixation does not 
exist for these patients. Therefore, in addition to meticulous 
curettage and bone grafting, we evaluated results of applica-
tion of the 120° fixed-angle LCLPP for these cases presenting 
with unstable fractures where the lateral buttress was lost. 
Of the study participants, 2 exhibited LLD: one resulting from 
varus malunion caused by a severe infection that required 
premature implant extraction, while the cause for the oth-
er remains undetermined. The remaining 10 cases manifest-
ed no complications.

The management of proximal femoral UBCs presents a chal-
lenge due to the weight-bearing nature of the region, the po-
tential for recurrence, and the intricacies associated with se-
curing stable fixation [10,17]. Particularly in Dormans Type 
IB and Type IIB UBC presenting with acute pathological frac-
tures, the limited availability of intact bone stock for proxi-
mal screw anchorage elevates the risks of varus malunion, 
avascular necrosis, and nonunion [18]. In such scenarios, it is 
imperative to ensure prompt mobilization and prevention of 
deformity through anatomical realignment and steadfast fix-
ation. Although numerous techniques have been proposed 
to achieve this, a consensus on the ideal treatment remains 
elusive [10]. Contrary to other regions where the spontane-
ous healing of fractures might be anticipated, the emphasis 
in this area leans more towards addressing the fracture rath-
er than the cyst when considering the fixation of pathological 
fractures, as corroborated by the existing literature [9,10,19].

Following anatomical realignment, we employed a 120° fixed-
angle locking LCLPP as a fixation technique. This method nei-
ther compromises the epiphysis nor harms the weakened lateral 
buttress, directing the uppermost screws toward the posteri-
or-medial metaphyseal zone, frequently found intact in these 
cases. Although 2 patients in our study exhibited a deep infec-
tion and a LLD of undetermined origin, the remaining subjects 
demonstrated no fixation-associated complications. These out-
comes underscore the viability of this fixation approach for such 
intricate cases. In contemporary orthopedic practice, ESIN has 
gained attention as a fixation alternative. While its intramedul-
lary placement seemingly offers robust resistance against exter-
nal forces, this method poses certain drawbacks in these cases, 
such as the potential for neck perforation and the lack of stur-
dy proximal fixation points, resulting in complications like loss 
of reduction [20]. Although it is deemed suitable for impending 
subtrochanteric fractures, the timeline for early weight-bearing 
remains constrained [21]. Our findings, which show the almost 
unaltered shaft-neck angle during postoperative assessments, 
indicate that this fixation modality offers superior mechanical 
backing by effectively countering rotational and bending forces.

Notably, our cohort had no recurrences, and we observed no 
signs of graft resorption during follow-up assessments. The 
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absence of UBC recurrence among our patients cannot be 
solely attributed to the choice of osteosynthesis material. We 
posit that cyst drainage due to fracture formation at the cyst 
base and thorough tumor excision using a burr significantly 
influenced this outcome. Urakawa et al previously highlight-
ed the enhanced healing propensity of UBC post-pathological 
fracture, hypothesizing that post-fracture callus osteogenesis 
might expedite cyst healing [22]. Similarly, in a study compar-
ing the treatment of bone cysts in 129 patients using 3 differ-
ent intralesional techniques, it was demonstrated that open 
surgery, involving removal of the intracystic membrane and 
filling the lesion with a graft, was the most successful treat-
ment method [23].

We concur with the consensus that premature closure of the 
femoral head epiphysis is plausible in these fractures. As such, 
we advocate for periodic leg length radiographic evaluations 
every 3 months for the first 2 years and semi-annually thereaf-
ter until growth cessation. Our data reveal that discrepancies in 
limb lengths adversely impact the MSTS score. However, with 
a monitoring duration exceeding 1 year, our patients’ MSTS 
scores closely resembled those of unaffected individuals, save 
for a solitary case presenting a 3-cm shortening.

This study is not without limitations, chief among them being 
the modest sample size and the comparatively brief monitoring 
period. The retrospective design might seem like a constraint, 
but the ethical implications tied to randomization can impinge 
upon the inception of a more rigorous study. Nevertheless, 

observational retrospective comparative therapeutic studies 
encompassing a broader patient pool could furnish a more nu-
anced understanding of such cases.

Conclusions

Our study underscores the potential of meticulous curettage, 
grafting, and using a 120° fixed-angle locking LCPP for fixa-
tion to yield successful results in UBC cases with acute unsta-
ble fractures where lateral cortical support is compromised.
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