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CLINICAL STUDY

What are the ideal screw lengths in volar locking plate 
fi xation for distal radius fractures?
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ABSTRACT
PURPOSE: This study aimed to specify the optimal lengths of the distal locking screws (in a female popula-
tion undergoing distal radius fracture fi xation with a volar locking plate) to avoid damaging the dorsal extensor 
tendon compartments while preserving stability. 
METHODS: Twenty-fi ve female adult patients underwent volar locking plate fi xation with four 2.4 mm locking 
screws inserted distally. Our modifi ed dorsal tangential fl uoroscopic view (DTV) was taken perioperatively fol-
lowed by postoperative CT scans to compare the accuracy in determining the distal screw lengths. 
RESULTS: Our modifi ed DTV was 88 %, 84 %, 88 %, and 76 % sensitive in detecting screw lengths in the fi rst, 
second, third, and fourth distal plate holes, respectively. According to the CT scans, none of the screws were 
over-penetrated in the third dorsal compartment, over-penetration was found in the second and fourth dorsal 
compartment. The most-accurate screw lengths in the four most distal plate holes in female distal radius frac-
ture are 14, 20, 20, and 20 mm from the radial to the ulnar aspect. 
CONCLUSION: In dorsal cortex comminution, when perioperative measuring is imprecise, inserting the most-
suitable distal locking screw for problematic hole and then applying our modifi ed DTV seems to be a simpler 
and safer option (Tab. 3, Fig. 4, Ref. 33). Text in PDF www.elis.sk.
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Introduction

Fractures of the distal radius are frequent acute injuries, and 
their incidence is increasing (1, 2). Females are three times more 
affected than males (1–3). The most-popular treatment option of 
unstable distal radius fracture is volar locking plate fi xation because 
of the lower rate of hardware-related complication in comparison 
to dorsal plating (4). Dorsal plating can harm extensor tendons be-
cause of their proximity to the bone surface, whereas with volar 
plating irritations of the fl exor tendons are minimal if the plate is 
placed correctly and covered by the pronator quadratus muscle. 
However, hardware contact to extensor tendons could also occur 
in volar plating if improper screw lengths are used, penetrating the 
dorsal compartment and causing problems with the extensor tendons 
(irritation or damage) (4–7). The dorsal tangential view (DTV) has 
been described as a sensitive projection for checking distal screw 
lengths and their penetration through the dorsal cortex (DC) of the 

distal radius (8). According to some authors, such penetrations may 
be prevented by inserting screws that are 2–4 mm shorter than the 
measured length (9, 10). However, two issues exist. First, mea-
suring the distance between the plate and the DC is usually quite 
problematic or even impossible when there is a substantial com-
minution, thereby making it diffi cult to calculate the fi nal length. 
Second, reducing the screw length in shear-type injuries may lead 
to an inadequate dorsal ulnar fragment support and the carpus may 
become unstable (5, 6, 11–14). The present study aimed to compare 
perioperative skyline views, and postoperative computed tomogra-
phy (CT) scans in unstable distal radius fractures in female adults 
and to specify the ideal screw lengths (not too short, not too long) 
in three defi ned distal radius dorsal compartments in volar plating.

Methods

Between January 2015 and September 2017, we assessed 100 
distal screws in 25 female adult patients (mean age 56 y; range 
28–74 y) undergoing surgery because of an unstable and displaced 
distal radius fracture and who agreed to participate in the study. We 
excluded fractures that were pathological, open, or in which the af-
fected wrist had concomitant and previous injuries or surgeries. In 
total, 12 right and 13 left distal radius fractures were treated by open 
reduction and internal fi xation with a volar locking plate (VA-LCP 
Two-Column Distal Radius Plates 2.4, volar, six head holes, DePuy-
Synthes, Switzerland). According to the AO classifi cation system, 
there were 15 type 23-A fractures, two type 23-B, and eight type 
23-C. The surgeries were performed by four orthopedic traumatolo-
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gists, each with a minimum of 10 years of experience. The operations 
were performed under a general anesthesia and tourniquet control.

The longitudinal Henry volar approach was used, and the ra-
dius was exposed. Anatomic fracture reduction was performed. 
The positioning of the plate was determined by placing a needle 
in the radio-carpal, another in the distal radioulnar joint, and by 
attaching the drill sleeve (Fig. 1). The distal end of the drill sleeve 
had a 5 mm gage and allowed optimal distal and ulnar positions 
of the volar plate to be set as described by Phillips and Al-Shawi 
(15). The correct position of the plate was also controlled with 
an image intensifi er. A proximal cortex (non-locking) screw was 
inserted through the elongated combi hole to maintain plate posi-

tion. The lengths of the distal screws were 
measured with a depth gage after drilling 
through the fi xed-angle end of the VA-LCP 
drill sleeve. If a reliable measuring was im-
possible because of dorsal comminution, 
the screw lengths were estimated in lateral 
X-ray views. Only distal row screws were 
inserted from the radial to the ulnar aspect 
(holes 1–4) (Fig. 1). The construct was then 
secured with a second proximal (locking) 
screw. The fracture reduction and screw 
positioning were checked by X-ray in the 
standard anteroposterior, lateral view and 
the lengths of the distal screws were fi nally 
checked in the DTV with the patient’s arm 
placed on a radiolucent table.

Our modifi ed DTV was performed at 
15° inclination of the C-arm with the el-
bow in a right angle. The forearm was held 
in 90° of fl exion in elbow using a plastic 
template and the wrist in maximum fl exion 
(Fig. 2). The ideal screw length in the DTV 
was when (i) the tip of the locking head 
screw was as close as possible to the DC 
but not less than 2 mm below the DC and 
(ii) the screw penetrated the DC no farther 
than 1 mm, which should be clinically ir-
relevant (7, 16). The reference was 2 mm 
K-wire (Fig. 3). Screws out of limit were 
replaced by ones that were 2 mm shorter or 
longer, and a new DTV was taken; 2 mm 
is the minimum interval of the screws in 
the manufacturer’s set. A postoperative CT 
(SOMATOM Sensation, Siemens) was then 
obtained to check and identify hardware out 
of limit. The screw lengths and any out of 
limit were measured by an orthopedic regis-
trar who was blinded to the patient data. The 
screw lengths were measured in millimeters 
at 350% magnifi cation using a TomoCon 
viewer (series 18.0.2540). Screws in four 
distal holes were measured from the radial 
to the ulnar side. We calculated the sensitiv-

ity of the DTV in detecting screws out of limit compared to CT scans 
(Fig. 4). Based on the CT scans, we estimated the ideal and safest 
screw lengths in the level of 2nd, 3rd, and 4th dorsal compartments.

Data were compared using the Fisherʼs exact test. Testing was 
performed at a signifi cance level of α = 0.05. Statistical evaluation 
and interpretation of results was performed using the IBM SPSS 
Statistics 20 statistical program.

Results

In the one hundred distal screws, the mean ± SD screw lengths 
at holes 1–4 were 14.6 ± 1.4 mm, 19.8 ± 0.9 mm, 20.2 ± 1.1 mm, 

Fig. 2. Our modifi ed DTV. The forearm was held at 90° of fl exion in elbow using a plastic tem-
plate, the wrist in maximum fl exion, and the C-arm at 15° inclination.

Fig. 1. Plate positioning was determined by placing a needle in the radio-carpal, another in the 
distal radioulnar joint, and attaching a drill sleeve measuring 5 mm in diameter (A, B). Only 
distal row screws (C, D) were inserted from the radial to the ulnar aspect (holes 1–4).

A B

C D
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and 20.0 ± 0.6 mm, respectively. In intra-operative DTVs of the 
25 female distal radius fractures, two of 100 distal locking screws 
were considered intra-operatively to be penetrating the DC by 
more than 1 mm, and four of 100 appeared to be shorter than 2 
mm (measured from the DC). Five screws in the fi rst hole (sec-
ond dorsal compartment) and one in the fourth hole (fourth dorsal 
compartment) were considered intra-operatively to be out of limit. 
Postoperative CT scans found six additional screws (6 %) perfo-
rating the DC by more than 1 mm (mean 0.65 ± 0.91 mm) and 
ten screws (10%) that were more than 2 mm below the DC (mean 
0.55 ± 0.33 mm). All screws changed intraoperatively were in the 
limit as measured by postoperative CT scans. Table 1 summarizes 
the total screw prominence (˃1 mm) and shortness (< 2 mm) in 
all four DPHs in the DTVs and CT scans. According to the CT 
scans, none of the screws had over-penetrated in the third dorsal 
compartment, over-penetration (n = 6) was found in the second 
and fourth dorsal compartment (Tab. 2). The DTV was 88 %, 84 
%, 88 %, and 76 % sensitive in detecting screws within a limit in 
the fi rst, second, third, and fourth DPHs, respectively.

The optimal screw lengths for the four DPHs in the optimally 
positioned locking plate are 14, 20, 20, and 20 mm in holes 1–4, 

respectively, from the radial to the ulnar aspect (Tab. 3). Using 
only 14 mm screws in the 1st hole would be suffi cient in 76 % of 
patients, but 12 mm screws would never penetrate the DC by more 
than 1 mm. Using 20 mm screws in the 2nd hole would be accu-
rate in 68 % of patients, but 18 mm screws would never penetrate 

the DC by more than 1 mm. Using 
20 mm screws in the 3rd hole, 76 
% would be in the limit, but 18 mm 
screws would never penetrate the 
DC. The most-proper screw length 
in the 4th hole is 20 mm (72 % ac-
curate), but 18 mm screws would 
penetrate 4% of dorsal cortices.

The average follow-up was 15.3 
± 7.9 (5–37) months. One patient pre-
sented with pain and swelling of the 
carpus; the pain was located over the 
fourth dorsal compartment. Surgery 
confi rmed extensor tendons lession. 

Discussion

Using screws that are too long 
in the volar plating of a distal radius 

Fig. 3. During the DTV, 2 mm K-wire was used as a reference. In this 
created example, the 3rd screw was changed for a longer one because 
the distance between the tip of the previous screw and the dorsal ra-
dial cortex was too small.

Fig. 4. Four distal screws in DTV compared to CT scan.

Hole Dorsal extensor 
compartment

DTV CT scan
p-valueProminent screws 

(>1 mm over DC)
Prominent screws 
(>1 mm over DC)

1st
 2nd

2 2

0.25
2nd 0 1
3rd 3rd 0 0
4th 4th 0 3
Total 2 6

Tab. 1. The number of prominent (> 1 mm over dorsal cortex (DC)) 
and shorter (> 2 mm below DC) screws in all four DPHs in the DTVs 
and CT scans.

Hole Dorsal extensor 
compartment

DTV CT scan
p-valueShorter screws 

(>2 mm below DC)
Shorter screws 

(>2 mm below DC)
1st

2nd
3 1

0.14
2nd 0 3
3rd 3rd 0 3
4th 4th 1 3
Total 4 10

Hole Dorsal extensor 
compartment

CT scan
Prominent screws
(>1 mm over DC)

Shorter screws
(>2 mm below DC)

1st 2nd +0.13 +0.5 −0.66
2nd +0.4 −1.06 −0.82 −0.26
3rd 3rd −0.5 −0.3 −0.19
4th 4th +0.1 +0.29 +2.47 −1.02 −0.49 −0.2

Tab. 2. All over-penetrated screws (defi ned as screws penetrating 
>1 mm over dorsal cortex (DC)) and all shorter screws (defi ned as 
screws >2 mm below DC) measured by postoperative CT scans.
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fracture can violate the dorsal extensor compartments and can 
cause irritation and rupture of the extensor pollicis longus tendon 
(5–7, 17) Also, irritations of other dorsal tendons and their compart-
ments are no exception (6, 7, 16, 18). Intraoperatively, assessing all 
screw prominences in a distal radius fracture by multiple views is 
challenging because of the complex geometry of the distal radial 
bone (19, 20). The DTV, also called the dorsal horizon, skyline, or 
Dönicke view has been described as a useful tool for visualizing 
the radial DC and its relationship to the screw tips (9, 12, 21, 22).

There are two described techniques to achieve DTV. The 
fi rst (and mostly used) is with the supinated forearm inclined 
at 15° to the vertical X-ray beam with maximum wrist fl exion 
(8, 12, 13, 21, 23–26). The second is with a pronated forearm and 
horizontally placed fl uoroscope with the X-ray beam parallel to the 
dorsal aspect of the distal radius (9, 27). In our study, we present 
the third technique, with a supinated forearm with the elbow at 
90°, the wrist in maximal fl exion, and the fl uoroscope inclined at 
15° to the X-ray beam. We found this third approach very practi-
cal, it being easier to determine and keep the right angle in the 
elbow than a 15° angle of forearm inclination. It has been recom-
mended to use a sterile goniometer to measure forearm tilt radius 
(21), whereas in our technique one can use anything sterile with a 
right angle. The only requirement is to have an adjustable C-arm.

During the volar plating, screws that are too long could harm 
the extensor tendons, whereas shorter ones could compromise the 
stability, especially when the dorsal–ulnar fragment is present 
(5, 6, 9, 11, 12–14, 16). According to the literature, screw penetration 
greater than 1.0 mm is likely to cause problems (7, 16). Therefore, 
some authors have proposed that distal screws should be routinely 
2–4 mm shorter than measured (5, 10, 23, 28, 29) and that a screw 
length of 75 % of the distal radius bone offers fi xation that is as 
strong as a bicortical construct (30). However, the comminution of 
the DC usually prevents an adequate drilling through opposite cor-
tex and accurate depth-gauge measurement, and calculating 75 % 
of an unknown screw measurement is quite tricky. In that situation, 
inserting the most-suitable distal locking screw for each hole and 

then applying the DTV seems to be a simpler and safer option. In 
our study, we tried to calculate the DTV sensitivity and the optimal 
screw lengths in four distal locking holes with a screw trajectory at 
15° angulation. We used only four distal screws, which is biome-
chanically suffi cient to preserve the stability of the fracture (25, 31).

Screw exchange during surgery after a skyline view varies from 
5.17 % to 26.6 % (8, 13, 23, 25, 32, 33). In a study by Rausch et al, 
12 of 232 screws (5.17 %) were exchanged after obtaining a DTV 
(13). In a clinical study by Ganesh et al, nine prominent screws of 
10 (5.71 %) revealed by the DTV were exchanged (23). In the series 
of 25 consecutive patients, dorsal over-penetration of screws was 
discovered in two cases (8 %) (32). Brunner et al changed 11 screws 
of 93 (11.82 %) during surgery (33), and in the study by Vaiss et al 
it was 14.66 % (11 of 75 patients) (8). In the study by Joseph and 
Harvey, using the skyline view led to a change in screw length in 
26.6 % of cases (4 of 15 patients) (25). In our study, we changed 
six (6 %) screws: two (2 %) were rated as too long and four (4 %) 
as too short. Postoperative CT scans revealed another 16 (16  %) 
screws as screws out of limit, of which six (6 %) were prominent, 
and 10 (10 %) were too short.

The DTV was sensitive at detecting screw penetration into the 
3rd and 4th compartments with a sensitivity of 88% for 1 mm of 
penetration, whereas for screws in the 2nd dorsal compartment it 
was only 35 % in detecting a screw prominence of 1 mm (22). In 
the study by Brunner et al, screws in the 3rd and 5th screw holes 
(3rd and 4th dorsal compartments) showed the highest correlation 
between DTV and CT, whereas the screws in the 1st hole (2nd 
dorsal compartment) showed the lowest correlation (33). In the 
study by Ganesh et al, the DTV sensitivity was 100 % in detecting 
prominent screws in the 3rd dorsal compartment, whereas it was 
only 50 % in the 4th dorsal compartment and 60 % in the 2nd (23). 
In the study using a sawbones model, the skyline view was 83 % 
sensitive for detecting dorsal cortical penetration by 1 mm (24). 
In our study, the lowest sensitivity was found for the 4th hole and 
caused tenosynovitis in one case, which required a surgical revi-
sion. The majority of authors recommend using oblique views to 
evaluate the 2nd and 4th compartments, and we agree with that.

There are several limitations to the present study. Only female 
patients were evaluated; however, this selection was made inten-
tionally considering that females are more affected than males. 
We used only one type of volar plate; however, the plate used in 
the study is commonly used worldwide. Another limitation is that 
we did not measure the exact length of a screw’s under- or over-
penetration through the DC during the DTV, and so we cannot 
report the values accurately in millimeters. Hoverer, 2 mm K-wire 
served as a good reference and this could be done quickly during 
the operation to reach a limit. The screws were changed according 
to the decision of the operating surgeon, and so the specifi city of 
the DTV could not be assessed.

Conclusion

Using a 2.4 mm locking compression plate or a similar volar 
locking plate with a screw trajectory at 15° angulation, the most-ac-
curate screw lengths in the four most DPHs are 14, 20, 20, and 20 mm 

Hole
Screw n (%)

length 
(mm)

penetrate 
>1 mm over DC

shorter 
>2 mm below DC in limit

1st
12 0 15 (60) 10 (40)
14 3 (12) 3 (12) 19 (76)
16 12 (48) 0 13 (52)
18 22 (88) 0 3 (12)

2nd
18 0 12 (48) 13 (52)
20 5 (20) 3 (16) 17 (68)
22 17 (68) 0 8 (32)

3rd
18 0 19 (76) 6 (24)
20 1 (4) 5 (20) 19 (76)
22 6 (44) 8 (4) 11 (52)

4th
18 1 (4) 13 (52) 11 (44)
20 4 (16) 3 (12) 18 (72)
22 18 (72) 0 7 (28)

DC – dorsal cortex

Tab. 3. The optimal screw lengths for the four DPHs in the optimally 
positioned locking plate and the calculation of the safest screw lengths 
to ensure maximum safety from over-penetration.
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from the radial to the ulnar aspect in distal radius fractures in female 
patients. By our calculation, using 12, 18, 18, and 18 mm screws 
from the radial to the ulnar aspect should ensure the maximum safe-
ty from over-penetration. In DC comminution, in a situation when 
perioperative measuring is imprecise, inserting the most-suitable 
distal locking screw for problematic hole and then applying our 
modifi ed DTV seems to be a more straightforward and safer option. 
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