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Background and purpose — The evaluation of metaphy-
seal angular deformities in children includes indication and 
timing for corrective osteotomy, and possible need for sev-
eral operations during growth. Gap-fillers are usually autolo-
gous bone grafts, which might cause donor site problems. 
Calcium phosphate (CaP) bone cement may be a possible 
alternative.

Patients and methods — We performed 15 corrective 
osteotomies from 2007 to 2013 in 10 children, ages 5 to 18, 
with Norian SRS bone cement as a gap-filler, in the distal 
radius (12), proximal radius (1), and proximal humerus (2). 
Due to growth arrest and gradually increasing malalignments 
3/10 children needed 1–3 additional corrections. Locking 
plates and screws were used except in 1 case at first surgery, 
aged 5 (K-wires). 2 children needed additional limb length-
ening with external fixator.

Results — All osteotomies healed. Postoperative radio-
graphs and CT scans showed good alignment and gradual 
transformation of cement into bone. Remodeling was vis-
ible intraoperatively in patients needing multiple surgeries. 
Return to earlier osteotomy sites was unproblematic. No 
adverse events from using CaP cement were experienced.

Interpretation — CaP cement is an alternative to bone 
grafts in upper extremity metaphyseal corrective osteotomies 
in children, and also when greater corrections are necessary 
or several surgeries indicated during the growth period.

Malunions combined with physeal injuries in the upper extrem-
ity often require corrective surgery during a child’s growth (1). 
A bone graft is widely accepted for filling voids in opening 
wedge osteotomies in children (2,3). However, donor site pain, 
hematoma, infection, nerve injury, and damage to the iliac 
crest growth plate may cause considerable morbidity (3). 

Norian SRS (Skeletal Repair System, Norian Corpora-
tion, Cupertino, CA, USA) CaP bone cement (4) may be an 
alternative to bone graft (5,6). It has physical and biochemi-
cal properties comparable to bone (4,7). It is osteoconductive 
with gradual resorption and replacement by bone (7). FDA 
approval was given in 1998 with a recommended site of use 
at metaphyseal level. It has been used in distal radius frac-
tures and as a gap-filler in corrective surgery of sequelae with 
promising results (6,8). Cement leakage during vertebroplasty 
has led to cases with fatal outcomes (9,10). Norian SRS was 
taken off all markets in 2014, keeping its FDA clearance, and 
later replaced by Norian Drillable (DePuy Synthes, Johnson 
& Johnson, USA) (personal communication FDA and John-
son & Johnson). It has also been used in pediatric craniofacial 
and oncological extremity surgery (11-13). Unacceptably high 
risks of failure have been noted in large (> 25 cm2) full-thick-
ness calvarial reconstructions, as well as problems of infec-
tions and fragmentation of the cement (12-14).

We assessed the long-term clinical and radiological results 
of using CaP cement as a gap-filler in metaphyseal opening 
wedge osteotomies in the upper extremity of children. 

Patients and methods

We included all children ≤ age 18 who presented consecutively 
to our clinic from 2006 to 2011 with a deformity in the upper 
extremity in need of metaphyseal corrective surgery (Table). 
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Partial premature closure was present in all post-traumatic 
deformities. None were candidates for physeal bar resection.

10 children, 6 girls and 4 boys, median 10.5 (5–18) years 
were primarily operated on between January 2007 and April 
2011 with a metaphyseal upper extremity opening wedge cor-
rective osteotomy. 3 patients underwent 5 secondary opening 
wedge osteotomies between November 2008 and November 
2013. Norian SRS was used as the gap-filler (Figure 1). 2 cal-
lotasis limb lengthening procedures were started in January 
and October 2016. 

Preoperative radiological planning included plain radio-
graphs and CT scans of all patients. These detailed the poten-
tial growth plate injuries where intraoperative crossing of the 
epiphysis could be permitted with plates and screws. IV anti-
biotic prophylaxis was given (cefalotin, Eli Lilly, IN, USA). 
The metaphyseal osteotomies were performed at point of 
maximum malalignment. The pasty cement was injected into 
the void, starting at the bottom and filling the gap to the sur-
face. Complete setting of cement was observed within 10–12 
minutes. When angular correction without distraction was 
needed cortical contact was kept on one side. When combined 
with distraction in 8 cases, all cortical contact was lost (Table). 
A cast was applied on all wrists for 8 weeks continued by a 

removable day splint for an additional 4 weeks during sports 
activities in 4 cases. The elbow of case 6 was immobilized in 
a cast for 3 weeks. 

A yearly follow-up of patients from first surgery was done 
for a median 7.5 (5–14) years. No patients were lost to follow-
up. 

Pre-/postoperatively and at each control we assessed range 
of motion (ROM) and the presence of pain postoperatively 
and at last follow-up. Yearly radiographs and CT scans were 
taken for analysis of alignment during growth and bone bridg-
ing, bone healing, and the remodeling of the CaP cement (15). 
Bone bridging was defined as a line of bone running through 
the cement and radiological healing as 3 continuous cortical 
bridges overlapping the osteotomy gap. The images were digi-
talized and calibrated (PACS—Picture Archiving and Com-
munication System, Sectra, Linköping, Sweden). The distrac-
tion in the osteotomy gaps was determined along the cortical 
border at the site of maximal correction (Table) (6). 

Statistics
Given the small sample size we performed no statistical analy-
ses. We present scatterplots with radiographical measurements 
at 2 timepoints. Data is presented as median (range).

Patient characteristics

 		  Years	
 		  from	 Age	 Amount of			   Follow-
 	 Surgery at	 injury to	 at	 distraction		  Plate	 up	
Case Sex Side  Region    Diagnosis	 initial injury	 surgery	 surgery	 (mm)	 Fixation method	 removal	 (years)

1  M	 Right	 Distal	 Fracture	 Fracture reduction  	 3	 1)   9 	 19.0 AC	 LCP locking plate and screws	
 		  radius	 malunion	 + cast; 2 K-wires		  2) 12	 18.5 AC+D	 LCP oblique angled locking plate and screws
 	  					     3) 14	 10.3 AC+D	 Long locking radius plate and screws	 Yes	 10
2  F	 Right	 Distal	 Fracture	 K-wires	 3	 1)   5	 17.2 AC+D	 2 K-wires	
 		  radius	 malunion			   2)   6	 15.4 AC+D	 2 oblique angled locking plates and screws (T and L)
 						      3) 10	 19.2 AC+D	 Locking distal radius plate and screws
 						      4) 13	 26 callotasis	 External fixator	 Yes	 15
3  M	 Left	 Distal	 Fracture	 Fracture reduction	 2	     18	   6.7 AC+D	 LCP locking plate and screws	 No	 9	
 		  radius	 malunion	  + cast; 1 K-wire		   
4  M	 Left	 Distal	 Fracture	           –	 7	     14	 24.0 AC+D	 2 locking plates and screws	 Yes	 6	 
 		  radius	 malunion			 
5  F	 Left	 Distal	 Fracture	           –	 2	     11	 16.4 AC+D	 2 locking plates and screws	 No	 5	
 		  radius	 malunion			 
6 F	 Left	 Proximal	 Fracture	           –	 1	      6	   6.1 AC	 Locking plate and screws	 No	 8	
 		  radius	 malunion			 

7 F	 Right	 Proximal	 Perinatal a	          –	 5	 1)   4	 19.6 AC	 2 locking plates and screws	
 		  humerus				    2)   9	 18.2 AC	 2 locking plates and screws
 			    			   3) 12	 84 callotasis	 External fixator	 Yes	 10
8  F	 Right	 Distal	 Madelung	           –     	 –	     18	 10.0 AC	 LCP locking plate and screws	 Yes	 13	
 		  radius	 deformity			 
9 F	 Right	 Distal	 Achondro-	           –	 –	       6	 11.8 AC	 Locking plate and screws	 No	 5	
 		  radius	 plasia			 
10 M	 Right	 Distal	 Solitary	           –	 –	     13	 10.9 AC	 Locking distal radius plate and screws	 Yes	 6	
 		  radius	 cartilaginous		
 			   exostosis

AC = angular correction; D = distraction.
a plexus injury, epiphysiolysis and infection.
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Results

The patients showed gradual reduction of pain at every check-
up. No painkillers were needed after 1–2 weeks, except in 
Madelung case 8 who experienced new, painful radio-ulnar 
instability but wished for no further surgery. All were active 
in their daily life. The median preoperative ROM in the distal 
radius cases and elbow case was near normal and no patients 
had reduced ROM after surgery. Shoulder case 7 increased 
abduction from 30° to 180° and flexion from 30° to 140°. Case 
10 developed a forearm compartment syndrome, which at fas-
ciotomy showed no muscle necrosis. Case 4 experienced an 
extensor tendon rupture 7 years postoperatively after many 
years of minor extension lag of the 3rd finger.

No signs of inflammation, infection, or other adverse effects 
potentially related to the CaP cement were seen, including the 
observations at next surgery. In the 3 cases where multiple 
corrections were necessary, we observed intraoperatively the 

macroscopic remodeling of CaP cement (Figure 2), confirm-
ing radiographic and CT findings. Cortical bone bridges had 
created passages through the CaP cement. The sharp borders 
initially present between bone and CaP cement from the pri-
mary corrective surgery had disappeared and remodeled into 
soft transitions of bony invaginations into the cement. Partial 
transformation of the cement into bone had occurred. 

6 osteotomies completely healed within 8 weeks. 4 wrists 
needed 4 extra weeks before continuous cortical bone bridges 
were visible. Radiographs confirmed the radiopaque nature of 
the CaP cement. After 2–3 weeks radiographs showed radiolu-
cent lines between the CaP cement and bone, which later filled 
with bone. CT scans demonstrated the remodeling of cement 
from an early stage. The radiolucent areas described on radio-
graphs were found to be consistent with new bone formation 
on CT scans. At a later stage, bone bridging was clearly visible 
on CT scans, around and through the cement (Figure 1). Signs 
of healing were first visible at the periphery and later centrally. 
At different phases of resorption, the CaP cement converts to a 
gradually fragmented presentation as increasingly wider bone 
bridges pave through the cement. This continues until the vast 
majority of cement has remodeled and been replaced by new 
bone. The first radiological signs of bone bridging through the 
cement varied from 3 months to 3 years 3 months, dependent 
on the child’s age. 

Scatterplots of 5 radial corrections demonstrate at follow-
up comparable results of the operated wrist to the healthy 

Figure 1. Case 2: (A) Sequela epiphysiolysis distal radius with severe radial deviation at 5 years. (B) 
CT scan at age 10 after 3rd corrective osteotomy of the distal radius shows three different stages of 
cement remodeling at 3 levels, depending on time from surgery (arrows). The level of the 1st corrective 
osteotomy (arrow 1) was most proximal and the 3rd most distal (arrow 3). Most of the CaP cement has 
remodeled proximally and is barely visible. The cement is fragmented centrally, after the 2nd corrective 
osteotomy (arrow 2), and much has remodeled into bone, shown as radiolucent broad lines of bone bridges 
in between radiopaque areas of cement. Distally, at the site of the 3rd correction, the CaP cement is still a 
uniform radiopaque mass. Initial signs of remodeling are seen in the cortical regions. (C.) Result after dis-
traction lengthening of radius at age 15. The arrows indicate the 3 levels where cement was used, showing 
the amount of remodeling from initial surgery. Further remodeling has occurred since CT scan done at age 
10 and is nearly complete proximally. Ulna plus was –2.1 mm and radial inclination 5.9°.

Figure 2. Case 1: Intraopera-
tive findings at time of 2nd cor-
rective surgery. Remodeling of 
CaP cement with bony ingrowth 
at level of 1st surgery done 2.8 
years earlier. Wide cortical bony 
bridges are present through the 
CaP cement. There are signs of 
resorption of the edges of the 
cement and replacement by new 
bone.

  A   B   C
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wrist for parameters radial length, radial inclination, and volar 
angulation. This is not the case, however, for ulna plus at time 
of follow-up (Figure 3). 

Discussion

We demonstrate that CaP cement is a good alternative to bone 
graft when upper extremity metaphyseal angular corrections 
are needed in children. The cement was easy to apply, filling 
defects well, and creating good contact with the cancellous 
bone surface. The cement’s remodeling properties were visu-
alized intraoperatively during the reoperations. Radiographs 
and CT scans demonstrated the resorption of the CaP cement 
with bone bridges paving their way through. Remodeling 
might be happening at a faster rate in younger patients than in 
late adolescence, which could be associated with faster turn-
over of bone and faster fracture healing in the youngest popu-
lation (16). The slower remodeling time of CaP seems incon-
sequential as its positive benefits are high mechanical strength 
and transformation into bone, permitting an unproblematic 
return to earlier osteotomy sites for new corrective surgery. 
We experienced 1 case of tendon rupture due to the hardware 
but no complications from CaP cement at any time. The CaP 
cement is deemed biocompatible and osteotransductive (17).

A variety of pediatric injuries in the upper extremity are 
regularly encountered, leading to deformities in need of cor-
rections (18). The main challenge is surgery in children during 
their growth, especially if the injury happened at a young age. 
Several corrections might be necessary in the case of physeal 
injury. The standard management of an angular correction is 
either an osteotomy and filling of the void with a bone graft, 
or gradual deformity correction and lengthening with an exter-
nal fixator (2,19,20). Should a structural graft be needed, bone 
graft from the iliac crest is still generally preferred but does 
have its donor site disadvantages (3). Smaller grafts can be 
taken from the tibia. 

Selles performed radial osteotomies in 13 children includ-
ing grafts in 6 when the defect was > 1 cm (2). The grafts 
consisted of demineralized bone matrix, autogenic grafts, 
and allogenic hip-bone grafts. Bone grafts were also used in 

a series of 3/6 children for correcting distal radius deformi-
ties during growth (21). 1 child needed a total of 3 corrective 
osteotomies. No complications were experienced. Intercalary 
allografts are an option in the treatment of specific large bone 
defects, as in pediatric cancer and pathological fracture sur-
gery (22,23). 

We performed 8 angular corrections combined with acute 
lengthening, adding an overcorrection when indicated. We 
obtained better carpal support after radial lengthening, which 
was sustained during growth. Distraction osteogenesis was 
thus not needed at an early age. Axial limb lengthening and 
humeral symmetry was planned for in adolescence giving 
good final results. Smaller defects after opening wedge oste-
otomies in the upper and lower extremity do not necessar-
ily need filling as long as cortical contact is kept on one side 
(24,25). Secondary loss of radial reduction might occur. There 
is need for a gap-filler if cortical contact is lost, which was the 
case in most of our patients (6). 

Our study includes corrections in 5 severe distal radius 
malalignments. We experienced an improvement of align-
ment in all cases. Continued growth perturbs some radiolog-
ical results such as ulna plus till last follow-up. This is not 
reflected in the clinical feedback from patients, as no wish for 
further surgery rectifying ulnar length at end of growth was 
required. One can only assume that children adapt to certain 
upper extremity deformities, present for many years during 
growth, and not experienced in the same manner by adults. 
Our main goal was a radial correction resulting in accept-
able carpal support from the radius with less focus on optimal 
radial inclination. 

Treatment using external fixators is a good option for 
older children near the end of growth (26,27). Young children 
require other considerations due to the considerable remain-
ing growth. A step-by-step correction during growth must be 
expected. Alternatives to treatment with an external fixator 
should therefore be considered, as this is a lengthy treatment 
with added complications (21,27,28). In the older child one 
can consider ulnar shortening combined with epiphysiodesis 
if radial alignment is fine. This depends on the final length 
of the forearm compared with the opposite side. Sometimes 
the difference in lengths is too obvious, leading to a choice of 
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Figure 3. Scatterplots of 4 radiological parameters (ulna plus, radial length, radial inclination, volar angulation) measured preop-
eratively and at follow-up (median) in 5 distal radial malunions.
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radial osteotomy instead (21). A good final functional outcome 
is important and present in all our cases. 

Craniofacial surgeons have reported complications such as 
infections when the cement was used close to mucus mem-
branes and sinuses, leading to the introduction of restrictions 
for this specific field (12,13). Stable fixations, bleeding control, 
and awaiting the hardening of cement could reduce complica-
tions (13). CaP cement is a useful substitute in the treatment of 
benign bone tumors with no reported adverse events (11,29).

Gilardino presented long-term follow-up of a pediatric and 
adult population where CaP cement was used in craniofacial 
surgery (12). It showed no resorption, suggesting remodeling 
difficulties in specific areas of use (12). Nakamura describes in 
a long-term follow-up of mean 6 years incomplete resorption, 
and wondered if this would impede future surgical reconstruc-
tions (11). The area of use in orthopedic surgery has been lim-
ited to the metaphysis and is not advised for use in the diaphy-
sis (30). The resorption described is most probably due to the 
cancellous bone in metaphyseal regions and vascularization of 
the area (6,15). This could explain the remodeling detected on 
our CT scans. Stable fixation is recommended in addition to the 
mechanical properties of the CaP cement (5,6,13). 

The main weaknesses of our study are its case series design, 
and the absence of validated outcome measures and patient-
related outcome measures. We present, however, long-term 
follow-up of a diverse group of upper extremity pediatric 
cases treated with the same operative technique combined 
with CaP cement from a young age with 100% follow-up rate. 
A future cost-effectiveness analysis would be of interest.

Conclusion 
CaP bone cement can be an alternative to bone grafting when 
metaphyseal angular corrections are indicated in the growing 
child with or without premature growth arrest. 

The study was designed by MW and MR. Data collection, data analysis, 
writing and editing of the manuscript was done by MW followed by a data 
review and manuscript editing by MR. 
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